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APPENDIX. 


Acidosis  and  Acid 
Intoxication. 


ACIDOSIS     AND     ACID     INTOXICATION.  — De/- 

inition. — While  in  a  large  part  of  medical  literature 
acidosis  and  acid  intoxication  are  used  as  synonymous 
terms,  strictly  speaking  they  represent  quite  distinct 
entities. 

Acidosis  may  be  defined  as  a  condition,  pathological 
or  otherwise,  in  which  an  excess  of  acid  products  is  in- 
dicated by  an  analysis  of  the  blood  or  of  the  urine.  It 
is  impossible  in  many  cases  to  distinguish  whether  an 
excess  of  acid  products  has  really  been  formed,  or 
whether  the  normal  amount  only  has  been  formed  and 
this  amount  has  been  inhibited  from  undergoing  further 
oxidation.  In  conditions  such  as  diabetes  it  is  quite 
certain  that  the  amount  of  acid  products  eliminated  is 
4n  excess  of  what  may  be  formed  during  normal  metab- 
oUsm.  In  this  condition,  at  least,  one  is  forced  to 
assimie  that  an  excessive  production  of  acid  compounds 
takes  place. 

Acid  intoxication,  on  the  other  hand,  distinctly  im- 
phes  a  pathological  condition  of  toxic  character  pro- 
duced by  acid  products  formed  within  the  organism. 
Acid  intoxication  may  also  be  produced  by  the  admin- 
istration of  acids,  chiefly  inorganic.  This  form  of  poi- 
soning is  of  importance,  as  it  has  a  comparative  bearing 
on  the  general  problem  of  acid  intoxication. 

The  Compounds  Taking  Part  in  Acidosis. — The  com- 
pounds immediately  concerned  in  the  problem  of  acid- 
osis are  three:  /?  oxybutyric  acid,  acetoacetic  acid  (di- 
acetic  acid),  and  acetone.  They  are  usually  termed 
the  acetone  compounds,  although  it  would  be  more  ad- 
visable to  speak  of  them  as  the  oxybutyric  acid  com- 
pounds, for  this  substance  is  the  starting-point  in  the 
formation  of  the  other  two. 

j9  oxybutyric  acid  has  the  formula: 

COOH 

H— C— H 

I 
H— C— OH 

I 
H— C— H 

I 
H 

This  by  oxidation  is  converted  into  acetoacetic  acid : 
COOH 

I 
H— C— H 

I 

c=o 

I 

H— O-H 

I 
H 

which  by  losing  a  molecule  of  carbon  dioxid  from  the 
carboxyl  group  is  converted  into  acetone : 

COOH  H 


H— C— H 

I 
C-0 

I 

H— C— H 

^ 

H 


I 
H— C— H 

I 
C  =  0 

i 

H— C— H 


H 


,5  oxybutyric  acid  was  discovered  simultaneously  by 
Minkowsld  and  by  Kulz,  although  Stadelmann  had  pre- 
viously been  led  to  suspect  the  presence  of  an  abnor- 
mally large  amount  of  an  organic  acid  in  diabetic 
urines.  He  mistook  a  decomposition  product  of 
/?  oxybutyric  acid,  a  crotonic  acid,  for  the  former. 
/?  oxybutyric  acid  as  formed  in  the  body  is  a  levorota- 
tory  syrup,  which  has  been  obtained  by  Magnus-Leoy 
in  a  crystalline  condition.  Ferric  chloride  does  not 
give  a  red  color  with  this  acid. 

The  presence  of  acetoacetic  acid  in  the  urine  was  in- 
dicated by  the  reaction  discovered  by  Gerhardt,  who 
found  that  certain  urines  gave  a  Bordeaux-red  color 
when  treated  with  an  aqueous  solution  of  ferric  chlorid. 
Further  investigation  of  this  color  reaction,  especially 
by  V.  Jaksch,  led  this  observer  to  believe  that  he  had 
isolated  acetoacetic  acid  from  the  urine.  From  the 
unstable  character  of  this  acid  it  is  safe  to  say  that  it 
has  never  been  separated  from  the  urine  in  a  pure  con- 
dition. There  is  no  doubt,  however,  that  the  substance 
giving  the  red  color  is  really  acetoacetic  acid.  All  the 
tests  which  urines  give  under  these  conditions  are  those 
of  aqueous  solutions  of  acetoacetic  acid.  The  acid  is 
extremely  unstable,  and  rapidly  breaks  down  in  solu- 
tion into  carbon  dioxid  and  acetone. 

Acetone  was  discovered  in  the  urine  by  Fetters  and 
by  Kaulich  ia  1857,  and  was  the  first  of  the  acetone 
comp6unds  to  be  detected.  It  is  therefore  from  an 
historical  point  of  view  that  acetone  has  lent  its  name 
to  this  class  of  compounds. 

When  attention  was  first  drawn  to  the  connection 
between  ,8  oxybutyric  acid,  acetoacetic  acid,  and  ace- 
tone, it  was  thought  that  acetone  was  the  first  sub- 
stance to  be  formed.  This  by  synthesis  with,  possibly, 
formic  acid  would  yield  acetoacetic  acid,  which  on  re- 
duction might  be  transformed  into  ,3  oxybutyric  acid. 
This  has  since  been  shown  not  to  be  the  case.  The  ad- 
ministration of  acetone  has  never  been  followed  by  an 
increase  in  the  amount  of  either  acetoacetic  acid  or 
/3  oxybutyric  acid,  while  the  converse  almost  invari- 
ably happens.  The  administration  of  /?  oxybutyric 
acid  or  acetoacetic  acid  to  diabetics  or  to  persons  ab- 
staining from  food  is  followed  by  an  increase  in  the  ace- 
tone content  of  the  urine  and  of  the  breath. 

Furthermore,  these  compounds  make  their  appear- 
ance in  the  urine  in  tne  following  order :  acetone,  aceto- 
acetic acid,  /?  oxybutyric  acid.  They  disappear  in  the 
reverse  order,  /?  oxybutyric  acid  being  the  first  to  van- 
ish. As  /?  oxybutyric  acid  is  the  last  to  appear  and 
the  first  to  leave,  one  can  only  conclude  that  its  ap- 
pearance indicates  the  greatest  departure  from  normal 
metabolism,  and  that,  being  the  first  product  formed,  it 
only  appears  in  the  urine  when  the  capacity  of  the  or- 
ganism to  convert  it  to  acetoacetic  acid  and  acetone  is 
impaired. 

One  other  acid  product  of  metabolism  niay  be  men- 
tioned which  has  played  no  inconsiderable  r61e  in  some 
late  theories  of  acid  intoxication.  This  is  sarcolactic 
acid.  It  may  be  connected  with  the  acetone  com- 
pounds, but  the  relation,  biologically,  is  not  clear.  Its 
place  in  acid  intoxication  will  be  discussed  when  eclamp- 
sia is  considered. 

The  Source  of  the  Acetone  Compounds. — Theoretically 
all  three  classes  of  compounds  which  enter  into  tissue 
formation — carbohydrates,  fats ,  and  proteins — may  be  the 
sources  from  which  the  acetone  compounds  are  derivea. 
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As  however,  the  carbohydrates  occupy  such  an  excep- 
^onal  T-lIce  in  the  mechanism  of  acetone-compound 
formation  the  latter  two  classes,  viz.,  protems  and  fats, 
can  only  be  considered  as  be  ng  acetone   ormers 

For  a  long  time  it  was  thought  that  the  tats  ana 
fatty  acids  flone  were  the  source  of  the  ace  one  com^ 
Dounds  but  later  work  has  served  to  assign  to  them  a 
S^re  or  less  secondary  place,  and  to  make  the  pro- 
teins or,  what  is  the  equivalent,  the  ammo  acids,  the 
chief  source  of  these  compounds.  ;„hihitq  the 

According  as  a  substance  produces  or  inhibits  ttie 
formatTon  o^f  acetone,  it  is  classed  as  teto^.mc  or  feto- 
plasti^,  or  antiketogenic  or  anhketoplaslic  Borchardt 
further  subdivides  the  ketogemc  compounds  into  those 
from  which  acetone  is  directly  derived  which  actually 
break  down,  yielding  acetone  or  one  of  its  forerunners, 
and  those  which  are  merely  ketoplastic,  that  is  to  say 
only  increase  the  output  of  these  <=°™P°Ti^  "  A,^ 
urine  or  the  breath,  without  having  contributed  directly 
to  their  formation.  .        .  ,.         , 

With  regard  to  the  fats,  their  action  is  complicated 
bv  the  fact  that  they  consist  of  two  parts,  fatty  acid 
and  glycerol.  Glycerol  belongs  distinctly  to  the  class 
of  antiketogenic  compounds,  and  its  inhibitory  action 
may  be  so  great  as  to  prevent  any  ketogenic  action 
which  the  fatty-acid  moiety  may  have.  As  to  the  tatty 
acids  themselves,  the  results  of  feeding  these  substances 
to  diabetics  or  persons  in  a  state  of  inanition  are  not 
altogether  in  concordance.  Joslin,  taking  into  account 
the  absorption  of  these  substances  by  the  intestinal 
wall,  was  unable  to  attribute  to  them  a  ketogenic  func- 
tion, and  this  was  ps'-ticularly  true  of  palmitic  and 
stearic  acids.  Oleic  acid  was  ketogenic.  His  results 
are  confirmed  by  Geelmuyden. 

It  is  well  known  that  when  fatty  acids  or  soaps  are 
fed,  the  acids  pass  through  the  intestinal  wall  in  the 
form  of  soaps,  and  are  immediately  synthetized  to 
neutral  fats,  the  glycerol  for  this  purpose  being  suppUed 
by  the  organism  itself.  Borchardt  considers  that  the 
greater  part  of  any  ketogenic  function  which  the  fatty 
acids  may  have  is  due  to  the  abstraction  of  this  neces- 
sary amount  of  glycerol,  and  they,  therefore,  do  not 
act  as  direct  acetone  formers.  In  a  control  of  this 
statement,  Waldvogel  has  injected  olive  oil  under  the 
skin,  and  found  no  increase  in  the  acetone  elimination, 
although  when  this  substance  is  given  by  the  mouth  the 
acetonuria  is  increased.  Absolutely  neutral  fats  have 
been  shown  by  Geelmuyden  and  by  Hagenberg  to  de- 
crease the  formation  of  acetone.  Hence,  one  must 
conclude  that  the  greater  part  of  the  ketogenic  action 
of  fats,  especially  those  of  the  higher  fatty  acids,  is  due 
to  their  content  in  free  fatty  acids,  which  in  their  re- 
sorption combine  with  the  antiketogenic  glycerol,  and 
60  remove  it  from  its  sphere  of  action. 

As  the  chief  source  of  the  acetone  compounds  come 
the  amino  acids  produced  by  the  breaking  down  of 
protein  substances.  Between  many  of  these  com- 
pounds— leucin,  arginin,  serin,  cystin,  etc. — and  /?  oxy- 
butyric  acid  there  is  a  very  clear  chemical  relationship. 
Further  it  has  been  shown  by  Embden  that  the  per- 
fusion of  blood  containing  leucin  through  the  surviving 
liver  results  in  a  prompt  increase  in  the  amount  of 
acetone  in  the  blood.  Baer  and  Blum  fed  leucin  to  dia- 
betics and  obtained  an  increase  in  the  amount  of  ace- 
tone compounds  in  the  urine.  Borchardt  fed  prot- 
amines containing  a  large  amount  of  arginin,  and  also 
obtained  a  decided  increase  of  acetone  in  the  urine. 
Other  amino  acids  have  been  fed  by  Kmbden  and  Salo- 
mon with  like  results.  These  are  tyrosin  and  phenyl- 
alanin.  _  On  the  other  hand,  glycocoU,  alanin,  glutam- 
inic  acid,  and  asparagin  when  circulated  through  the 
liver  did  not  increase  the  acetone  content  of  the  blood. 

The  laws  which  govern  the  formation  of  acetone  from 
the  substances  above  mentioned  are  chemically  some- 
what complicated,  and  even  yet  have  not  been  coiu- 
pletely  worked  out.  They  depend  in  part  on  the  capac- 
ity ot  the  organism  to  remove  the  amino  group,  and 
eflect  an  oxidation  at  the  /?  carbon  atom   (the  atom 
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next  that  carbon  atom  to  which  is  attached  the  termina 
carboxyl-cooH  group) .     One  examjjle  will  serve  perhaps 
to  indicate  the  type  of  reaction  which  may  occur. 
Leucin  has  the  following  formula : 


CH 


CH3 
\      / 
CH 


H— C— H 
H— O— NH, 

COOH 

By  a  simultaneous  removal  of  the  amino  group,  re- 
moval of  COs  from  the  carboxyl  group,  and  subsequent 
oxidation,  one  may  have  the  foUowmg  hypothetical 
series  of  changes  taking  place : 

CH3     CH3 
\/  CH3     CH3 

CHy  \/ 


CH3    CH3 
\/ 
CHr 


I 
H— C— H./9 


H— C— NHsa 
COOH 


->   H— C— H,a 

I 
H— C— H« 

COOH 


CH 
H— C— H 
COOH 


The  final  step  here  is  isobutyric  acid.  If  now  this  com- 
pound be  oxidized  at  the  ^  carbon  atom,  one  obtains 
acetic  acid  and  acetone  as  follows : 


CH3     CH3 
\/ 
CH 

H— C— H 

I 
COOH 


CHa      CH3 

\  /         Acetone 
C  =  0 

H 

I 
H — C-FH  Acetic  acid 

I 
COOH 


As  the  acetates  are  easily  destroyed  by  combustion 
in  the  organism,  the  acetic  acid  formed  in  the  reaction 
disappears,  and  acetone  is  left.  Similar  reactions  may 
be  made  out  for  the  other  amino  acids  which  produce 
acetone  compounds.  Arginin,  one  of  thediamino  acids, 
is  markedly  ketogenic,  according  to  Borchardt,  and 
therefore  substances  containing  large  amounts  of  prot- 
amines, and  consequently  arginin,  such  as  thymus  and 
roe,  are  to  be  avoided  in  cases  of  acidosis. 

Reactions  in  which  the  /?  carbon  atom  is  attacked  by 
oxidation  have  been  very  completely  studied  by  Knoop. 
By  using  compounds  in  which  a  straight  chain  of  a 
fatty  acid  is  linked  to  a  benzene  group,  he  was  able  to 
show  that  in  every  instance  oxidation  was  effected  at 
this  place.  The  rule,  therefore,  seems  to  be  a  general 
one  in  the  katabolism  of  fatty  acids. 

The  question  whether  the  fatty  acids  or  proteins  are 
the  principal  source  of  the  acetone  compounds  is  thus 
fairly  well  settled,  for  it  is  seen  that  with  the  proteins 
the  intermediary  metabolism  must  take  place  through 
steps  involving  the  formation  of  a  lower  fatty  acid. 

Of  very  great  importance  from  the  standpoint  ot 
acidosis  are  the  antiketoplastic  substances.  As  has 
already  been  defined,  these  are  the  substances  which 
prevent  the  excessive  formation  of  acetone  compounds, 
or  reduce  the  amount  which  is  excreted  by  the  urine  or 
the  breath.  As  v.  Noorden  remarks,  the  extension  of 
these  substances  is  one  of  the  most  practical  points  in 
the  therapy  of  diabetes. 

Outside  of  the  alkalies,  such  as  sodium  carbonate,  or 
certain  salts  of  easily  oxidizable  organic  acids  such  as 
sodium  citrate,  the  chief  members  of  this  group  are  the 
carbohydrates.  Without  exception,  all  carbohydrates 
have  the  property  of  decreasing  the  amount  of  acetone 
compounds,  whether  produced  by  starvation  or  by 
diabetes.  Owing  to  the  somewhat  close  similarity  be- 
tween these  compounds  and  glycerol,  the  latter  is  next 
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in  antiketogenic  action.  It  is  unfortunate,  however, 
that  its  use  in  diabetes  is  attended  with  a  marked  in- 
crease in  the  amount  of  glucose  eliminated.  Another 
member  of  this  class  is  alcohol.  Neubauer  "has  shown 
,  beyond  question  that  alcohol  diminished  acidosis  to  a 
marked  degree,  and  at  the  same  time  appeared  to  di- 
minish the  amount  of  sugar  excreted. 

Besides  these,  certain  of  the  amino  acids  are  quite 
antiketoplastic.  Of  these  may  be  mentioned  alanin 
and  asparagin.  The  experiments  with  glycocoU  and 
glutaminic  acid  were  not  altogether  positive.  It  is 
worthy  of  note  that  Eppinger  gave  amino  acids  with 
what  would  have  been  fatal  doses  of  inorganic  acids, 
and  was  apparently  able  to  effect  recovery.  His  re- 
sults, and  the  conclusions  which  he  has  drawn  from  his 
work,  will,  however,  bear  a  control. 

Basing  his  classification  on  the  content  of  antiketo- 
genic amino  acids,  Borchardt  arranges  the  proteins  in 
the  following  order:  Protamin,  histone,  egg-albumin, 
pancreas,  casein.  Protamin  gives  the  highest  amount 
of  acetone,  while  casein  gives  the  least. 

What  the  mechanism  is  whereby  the  carbohydrates 
and  certain  of  the  amino  acids  are  able  to  effect  a 
reduction  in  the  excretion  of  acetone  compounds,  is 
absolutely  unknown.  One  reason  for  this  lack  of  knowl- 
edge is  the  incompleteness  of  our  information  regard- 
ing the  normal  intermediary  metabolism  of  carbohy- 
drates and  of  fats.  These  are  two  of  the  most  difficult 
of  the  problems  of  biological  chemistry.  Waldvogel 
believes  that  the  carbohydrates  act  by  sparing  the  fats 
from  combustion,  but  it  has  been  shown  repeatedly, 
and  the  present  writer  has  confirmed  the  results,  that 
only  ii  very  small  quantity  of  sugar  is  needed  in  the 
marked  acidosis  accompanying  the  starvation  of  a  case 
of  pernicious  vomiting  of  pregnancy,  for  example,  to 
abolish  all  signs  of  acidosis  from  the  urine,  and  this 
without  in  the  least  affecting  the  general  condition  of 
the  patient.  The  amount  of  carbohydrate  which  is 
necessary  to  prevent  the  appearance  of  these  compounds 
in  the  urine  is  even  smaller  than  that  used  to  abolish 
them,  once  they  are  present,  and  is  by  no  means  large 
enough  to  protect  any  very  considerable  quantity  of 
body  fat. 

Nasse  some  years  ago  suggested  a  process  of  "  sec- 
ondary oxidation  "  of  the  fats  as  a  result  of  the  pri- 
mary oxidation  of  the  carbohydrates,  and  a  somewhat 
similar  idea  has  been  put  forward  by  Hirschfeld.  None 
of  these  theories  has  any  very  definite  experimental 
groundwork,  and  on  the  whole  they  are  quite  inade- 
quate. 

To  sum  up  as  briefly  as  possible  what  is  known  about 
the  source  of  the  acetone  compounds,  it  may  be  said 
that  the  higher  fats  probably  do  not  form  acetone  com- 
pounds. Some  of  the  lower  fats  and  fatty  acids  have 
this  property.  Certain  of  the  amino  acids  are  prob- 
ably the  chief  source  of  these  substances,  and  form  them 
by  losing  the  amino  (NHj)  group,  with  the  loss  of  car- 
bon dioxid,  and  oxidation  at  the  /?  carbon  atom.  Thus, 
in  effect,  the  amino  acids  are  transformed  into  lower 
fatty  acids,  which  are  changed  to  p  oxybutyric  acid  and 
acetone. 

Substances  which  give  rise  to  glucose  in  the  organism 
are  antiketoplastic.  The  exception  to  this  rule  is 
alcohol,  which  apparently  has  the  most  useful  property 
of  diminishing  the  glucose  and  acetone  bodies  at  the 
same  time. 

As  in  the  combustion  of  proteins  large  amounts  of 
sulphuric  and  phosphoric  acids  are  formed,  these  also 
probably  play  a  part  in  acidosis.  Salkowski  showed, 
many  years  ago,  that  the  administration  of  taurin  to 
rabbits  was  sufficient  to  produce  enough  sulphuric  acid 
by  oxidation  to  poison  these  animals.  This  was  a  case 
of  endogenous  acid  intoxication  from  inorganic  acids. 

The  Conditions  under  which  Acidosis  Takes  Place. — 
In  the  healthy  subject  there  is  one  condition  which  pro- 
duces the  efimination  of  acetone  compounds;  this  is 
starvation.  Not  only  complete  inanition  will  bring 
about  this  anomaly,  but  the  mere  abstention  of  the  in- 


dividual from  carbohydrates  is  almost  equally  effec- 
tive. The  length  of  the  fast  which  is  necessary  is  very 
short,  less  than  twenty-four  hours,  and  in  all  subse- 
quent discussions  of  acidosis  and  the  pathological  sig- 
nificance of  acetone  compounds  in  the  urine  this  fact 
must  constantly  be  borne  in  mind.  Indeed,  a  large 
amount  of  the  clinical  importance  which  has  been  at- 
tached to  these  compounds  is  rendered  absolutely 
worthless  when  it  is  found  that  the  observations  have 
included  no  consideration  of  the  condition  of  nutrition 
of  the  patient  or  of  the  amount  and  kind  of  nourish- 
ment which  he  consumed. 

Abstention  from  food  for  twenty-four  hoxirs  is  usu- 
ally sufficient  to  cause  the  appearance  of  acetone  in  the 
urine,  so  that  it  can  be  detected  with  Lieben's  test. 
From  the  twenty-fourth  to  forty-eighth  hour  aceto- 
acetic  acid  makes  its  appearance,  and  at  the  same  time 
/?  oxybutyric  acid  may  be  detected.  Under-nouri.^h- 
ment  for  any  length  of  time  may  also  cause  acetone  to 
appear,  especially  if  the  supply  of  carbohydrates  has 
been  insufficient  for  the  needs  of  the  body.  That  sim- 
ple starvation  may  produce  a  very  considerable  acido- 
sis is  shown  by  the  recent  work  of  Brugsch  on  the  pro- 
fessional faster  Succi.  This  person  was  a  man  with  a 
very  decided  amount  of  body  fat.  During  the  twenty- 
fifth  day  of  his  fast  he  eliminated  acetone  compounds 
equivalent  to  13.6  grams  of  /?  oxybutyric  acid.  Simi- 
larly Satta  has  shown  that  carbohydrate  starvation 
alone  may  lead  to  an  acidosis  equivalent  to  20.0  grams 
of  oxybutyric  acid.  This  is  a,  degree  of  acidosis  which 
would  be  considered  high  even  in  cases  of  diabetes. 
That  all  fasting  subjects  do  not  react  with  the  same  de- 
gree of  acidosis  is  shown  by  a  parallel  case  reported  by 
Brugsch.  This  was  a  woman  suffering  from  stricture 
of  the  oesophagus.  She  was  in  the  very  extreme  of 
emaciation,  as  was  shown  at  the  autopsy,  when  it  was 
found  that  even  the  plantar  fat  had  disappeared.  This 
patient  excreted  practically  no  acetone  compounds. 
From  these  two  observations  Brugsch  was  led  to  con- 
clude that  the  source  of  the  acetone  compounds  was 
the  abnormal  metabolism  of  body  fat.  This  is  not  the 
only  conclusion  which  can  be  drawn  from  the  results. 
It  is  also  possible  that  the  patient  had  adapted  herself 
to  an  extraordinarily  small  caloric  need,  so  that  the 
amount  of  tissue  which  she  consumed  was  adequate 
for  her.  Other  observers  have  seen  similar  large 
amounts  of  acetone  compounds  appear  during  starva- 
tion. Nebelthau's  case,  in  which  66  percent,  of  the  total 
nitrogen  was  eliminated  as  ammonia,  must  be  included 
in  this  group. 

Having  shown  that  simple  inanition  may  produce 
large  amounts  of  acetone  compounds  in  the  urine,  one 
is  led  to  inquire  which  of  the  three  classes  of  food- 
stuffs it  is  that  the  abstention  from  is  most  eft'ec- 
tive  in  causing  the  increased  elimination  of  acetone 
compounds  in  the  urine  when  it  is  withdrawn  from  the 
diet.  As  might  be  expected  from  their  marked  anti- 
ketogenic action,  the  carbohydrates,  and  they  alone,  are 
the  substances  whose  withdrawal  causes  the  features  of 
acidosis.  One  cannot  therefore  speak  of  a  starvat-on 
acidosis,  but  simply  of  a  carbohydrate  acidosis.  The 
reason  why,  as  ■  a  rule,  one  gets  a  less  severe  type  of 
acidosis  in  carbohydrate  inanition  than  in  complete 
starvation  is  due  largely  to  the  antiketogenic  constitu- 
ents of  the  proteins,  and  to  the  glycerol  content  of  the 
fats. 

Pathological  Acidoses.  —  There  is  possibly  no  one 
urinary  diagnostic  feature  in  clinical  medicine  which 
has  been  called  upon  to  account  for  such  a  diversity  of 
symptoms  as  the  presence  of  acetone  and  its  allied 
compounds.  A  partial  list  of  the  affections  with  which 
they  have  been  associated  is  as  follows :  cyclic  vomit- 
ing in  children;  vomiting  in  pregnancy;  eclampsia; 
fetal  death ;  post-operative  intoxications,  especially  as- 
sociated with  narcosis;  hyperthermia;  pulmonary 
tuberculosis;  malignant  growths;  asthma;  toxic  con- 
ditions following  the  use  of  antipyrin,  morphine,  atro- 
pine; carbon-monoxid  poisoning,  etc. 
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It  will  be  noted  that  almost  without  exception  the 
conditions  are  those  in  which  undernutrition  or  short 
starvation  is  prominent.  In  the  acetonuria  follow- 
ing narcosis  one  is  usually  dealing  with  abstention  from 
food  for  a  period  of  time  quite  sufficient  to  provoke  the 
appearance  of  acetone  in  the  urine  in  healthy  individ- 
uals. 

What  is  of  paramount  importance  in  the  considera- 
tion of  these  cases  is  a  statement  of  the  amount  of  the 
carbohydrate  intake  and  of  its  resorption.  It  is  quite 
possible,  for  example,  in  children  with  a  severe  gastro- 
mtestinal  derangement,  that  sufficient  carbohydrate 
may  have  been  given  to  protect  the  child  from  an  acido- 
sis, but  owing  to  the  digestive  disturbance  the  anti- 
ketoplastic  substance  is  not  resorbed,  and  so  one  has  to 
do  with  simple  carbohydrate  starvation. 

In  a  careful  analysis  of  the  clinical  literature  dealing 
with  acetonuria  in  its  relation  to  acid  intoxication  one 
is  struck  with  the  fact  that  little  attention  has  been 
paid  to  this  side  of  the  question.  Mohr,  in  his  valuable 
review  of  diabetic  and  non-diabetic  autointoxications 
with  acids,  has  come  to  a  similar  conclusion,  and  is  able 
to  see  in  the  acetonurias  of  these  various  conditions 
nothing  but  the  acidosis  resulting  from  an  insufficient 
supply  of  carbohydrates.  Special  mention  might  be 
made  of  pernicious  vomiting  in  pregnancy,  because 
here  the  acidosis  as  revealed  by  the  acetone  compounds, 
and  more  especially  by  the  relative  amount  of  ammonia 
in  the  urine  has  been  made  a  criterion  whereby  nervous 
vomiting  might  be  distinguished  from  a  more  perni- 
cious type.  The  present  writer  has  criticised  this  view 
severely,  and  since  that  time  his  attitude  has  been  sup- 
ported by  others  who  have  had  occasion  to  consider 
the  subject.  Certain  it  is  that  it  is  physiologically  im- 
possible to  indicate  operative  interference  in  cases  of 
pernicious  vomiting  in  pregnancy  from  either  an  analy- 
sis of  the  urine  for  ammonia  or  an  examination  of  the 
acetone-compound  elimination. 

The  etiology  of  eclampsia  has  been  the  subject  of  nu- 
merous investigations  in  which  the  starting-point  has 
been  the  view  that  acid  intoxication  plays  a  prominent 
part,  and  quite  recently  Zweifel  has  narrowed  down  the 
toxic  agent  to  sarcolactic  acid,  which  is  found  in  the 
urine  during  and  after  the  seizures.  Dreyfus  has  re- 
peated and  confirmed  Zweifel's  results  as  to  the  pres- 
ence of  lactic  acid  in  the  urine,  but  is  quite  unable  to 
find  any  etiological  relationship  between  the  appearance 
of  the  acid  in  the  urine  and  the  convulsions.  It  is  alto- 
gether probable  that  lactic  acid  in  the  urine  in  eclampsia 
is  the  result  of  insufficient  oxidation  and  increased  mus- 
cular effort,  and  does  not  in  any  way  figure  as  a  cause 
of  the  convulsive  seizures.  It  has  been  repeatedly  found 
by  Araki  and  others  in  the  urine  in  cases  of  carbon-mon- 
oxide poisoning  and  other  conditions  where  its  forma- 
tion certainly  gave  rise  to  no  additional  toxic  effects. 

Diabetic  Acidosis.— When  one  comes  to  the  consid- 
eration of  diabetic  acidosis  one  is  confronted  with  a 
problem  of  singular  complexity.  Obviously  one  is  deal- 
ing with  a  condition  which  is  most  favorable  to  the 
elimination  of  acetone  compounds.  There  is  in  the 
first  place  the  usual  strict  diet  of  fat  and  carbohydrate, 
which  induces  prompt  acidosis  in  the  normal  subject; 
there  is  secondly  the  incapacity  of  the  diabetic  to  util- 
ize the  carbohydrate  which  is  formed  in  the  body  from 
protein,  and  possibly  from  fat.  This  incapacity  is  often 
so  complete  that  on  a  strict  diet  containing  only  fat  and 
Iirotein,  for  every  gram  of  nitrogen  excreted  the  pa- 
tient e.'ccretes  3.5  to  4.0  grams  of  sugar.  One  is  not 
astonished,  therefore,  that  a  patient  in  this  condition 
rejecting  unused  the  sum  total  of  the  antiketoplastic 
substances,  excretes  very  large  amounts  of  acetone 
compounds. 

It  is  now  important  to  decide  whether  this  acidosis  is 
merely  a  carbohydrate  inanition  effect,  or  has  a  specific 
quality  not  seen  in  the  acidoses  previously  discussed. 
In  so  tar  as  one  may  judge  at  present,  one  must  ac- 
knowledge that  diabetic  acidosis  presents  features 
which  seem  to  indicate  a  specific  nature  apart  from  the 
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influence  of  carbohydraucs.  The  literature  on  the  sub- 
ject is  extremely  full,  but  v.  Noorden  has  summed  up 
the  evidence  in  favor  of  its  specific  quality  as  follows . 

1.  Certain  diabetics  tolerating  a  diet  containing  60  to 
80  grams  of  carbohydrate  eliminate  no  more  acetone 
than  a  normal  person  on  full  diet.  On  transferrence  to 
a  carbohydrate-free  diet  the  amount  of  acetone  com- 
pounds increases,  but  finally-on  the  same  strict  diet 
diminishes. 

2.  Others  with  moderately  severe  diabetes  may  elim- 
inate, on  a  diet  containing  carbohydrate  nearly  to  the 
hmit  of  their  tolerance,  1  gram  or  more  of  acetone. 
By  transferrence  to  a  strict  diet  the  amount  of  acetone 
compounds  increases,  and  continues  to  increase  so  long 
as  the  strict  diet  is  adhered  to. 

3.  In  the  third  group,  one  may  have  individuals  with 
certain  characteristics  of  severe  diabetes.  They  react 
favorably,  so  tfar  as  the  disappearance  of  glucose  from 
the  urine  on  a  strict  diet  is  concerned;  and  yet  under 
all  circumstances  they  excrete  large  quantities  of  ace- 
tone compounds  in  the  urine.  In  these  cases  one  also 
gets  marked  variations  in  the  amount  of  the  acetone 
compounds  excreted  which  have  apparently  no  causal 
relation  with  the  type  of  food  administered.  Von  Noor- 
den mentions  a  case  in  which  50  to  60  grams  of  p  oxy- 
butyric  acid  were  excreted  daily  over  a  very  long  period 
of  time.  Further,  there  are  marked  individual  differ- 
ences in  the  way  patients  react  with  the  same  amounts 
and  qualities  of  food.  From  these  considerations  one 
is  forced  to  the  conclusion  that  the  acidosis  of  diabetes 
is  not  entirely  due  to  carbohydrate  inanition. 

Acid  Intoxication. — While  there  can  be  no  doubt  as 
to  the  nature  and  severity  of  an  acidosis  due  either  to 
carbohydrate  inanition  or  to  diabetes,  the  matter  is  not 
quite  so  clear  when  one  comes  to  connect  the  appear- 
ance of  the  acetone  compounds  in"  the  urine  with  defi- 
nite toxic  effects. 

Each  of  the  compounds  in  this  series  has  in  its  turn 
been  the  subject  of  numerous  investigations  as  to  its 
toxicity.  Twenty  grams  of  acetone  produce  some 
drowsiness  in  a  man.  The  injection  of  1  gram  of  ace- 
tone hypodermically  had  no  effect  whatever  in  the  gen- 
eral condition  of  a  girl.  According  to  v.  Jaksch,  aceto- 
acetic  acid  is  not  toxic,  and  even  doses  as  large  as  a 
gram  have  been  given  to  a  frog  without  the  slightest 
effect.  The  results  with  p  oxy butyric  acid  agree  in 
most  respects  with  what  v.  Jaksch  obtained  withaceto- 
acetic  acid.  Most  of  the  experiments,  it  is  true,  have 
been  performed  with  the  inactive  acid,  while  the  acid 
formed  in  the  organism  is  the  levorotatory  modifica- 
tion. Schwarz  was,  however,  unable  to  produce  any 
toxic  symptoms  with  8  grams  of  the  active  acid  when 
given  to  a  dog.  Wilbur,  working  in  v.  Noorden's  lab- 
oratory, has  apparently  obtained  some  slight  degree  of 
toxicity  with  the  active  acid.  Very  recently  Desgrez 
and  Saggio  have  claimed  that  both  acetoacetic  acid  and 
^  oxy  butyric  acid  are  toxic  and  cause  a  "demineral- 
ization"  of  the  organism.  The  results  of  the  French 
authors  do  not  appear  to  be  well  enough  founded  to 
deserve  serious  consideration. 

So  far  as  positive  evidence  is  concerned,  we  have 
little  of  direct  value  to  indicate  that  the  toxemia  which 
leads  to  diabetic  coma,  or,  as  Naunyn  insists  it  should 
be  called,  dyspnoeic  coma,  is  an  intoxication  produced 
by  acid  products.  Nevertheless,  the  opinion  in  favor 
of  an  acid  origin  is  so  universal,  and  there  is  so  little  to 
supplant  it,  that  one  must  admit  a  weight  of  opinion 
in  place  of  a  weight  of  evidence.  The  reasons  for  view- 
ing dyspnoeic  coma  as  an  acid  intoxication  are  as  fol- 
lows, and  are  given  very  completely  by  Naunyn  in  his 
work  on  diabetes. 

,.^°.,*'^^  onset  of  coma,  the  percentage  of  carbon 
dioxid  in  the  blood  falls  markedly  below  the  normal 
30  to  40  volumes  per  cent.  This  indicates  that  the 
amount  of  carbonates  present  in  the  blood,  by  which 
the  carbon  dioxid  is  transported  from  the  other  tissues 
to  the  lungs,  has  decreased.  It  has  also  been  shown 
that  preceding  the  coma  there  is  usually  a  marked  rise 
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in  the  amount  of  acids,  both  acetoacetio  and  oxybuty- 
ric,  but  this  is  not  always  the  case ;  for  numerous  oases 
of  coma  are  on  record  in  which  the  amounts  of  these 
substances  were  lower  at  the  time  of  the  attack  than 
for  long  periods  previously.  Further,  the  sudden 
change  from  a  mixed  diet  to  one  containing  fat  and 
protein  only  has  often  provoked  serious  symptoms, 
which  Naunyn  believes  are  due  to  the  flooding  of  the 
organism  with  acid  products  both  of  inorganic  (sul- 
phuric and  phosphoric)  and  organic  character.  The 
clinical  observations,  too,  on  the  use  of  sodium  carbon- 
ate in  preventing  the  onset  of  coma  have  many  feat- 
ures which  cannot  be  ignored,  and  lead  one  to  believe 
that  this  type  of  therapy  is  of  very  real  value.  As 
much  cannot  be  said  for  the  use  of  carbonates  during 
the  coma  itself.  Here  the  reports  which  can  be  relied 
upon  are  almost  hopelessly  unfavorable. 

One  point  which  has  been  suggested  by  some  authors 
as  to  the  relation  between  the  acid  products  appearing 
in  the  urine  and  the  onset  of  the  coma  seems  worthy  of 
•  notice.  It  is  quite  possible  that  there  is  no  definite  re- 
lation between  the  urinary  products  and  the  onset  of 
the  attack,  for  the  reason,  that  it  is  not  the  amount  of 
acids  which  appear  in  the  urine  which  conditions  the 
coma,  but  the  amount  which  is  retained  by  the  tissues. 
This  would  explain  why  cases  such  as  v.  5foorden's  ex- 
creted large  amounts  of  acid  in  the  urine  without  hav- 
ing any  symptoms  of  acid  intoxication.  The  products 
were  eliminated  as  quickly  as  they  were  formed.  On 
the  other  hand,  a  patient  might  form  quantities  of  acids 
which  would  not  be  eliminated,  and  that  which  was  re- 
tained might  exert  its  toxic  effect.  In  explanation  of 
the  inefficacy  of  the  sodium  carbonate  treatment,  it  has 
been  urged  that  the  alkali  circulates  in  the  fluids  which 
bathe  the  cells,  but  does  not  actually  reach  those  inti- 
mate cell  structures  where  the  toxic  action  of  the  acids 
is  exerted. 

The  most  critical  analysis  of  the  theory  of  acid  intoxi- 
cation has  recently  appeared  from  Tangl's  laboratory. 
Two  of  his  pupils,  Szili  and  Benedict,  have  under- 
taken to  compare  the  findings  obtained  in  intoxica- 
tion with  inorganic  acids  with  those  got  in  diabetes. 
Szili  made  a  careful  study  of  the  effects  of  inorganic 
acids  on  rabbits,  dogs,  and  goats.  These  animals  were 
injected  with  solutions  of  acids,  and  analyses  made  of 
the  blood  by  titration,  and  by  the  estimation  of  the 
true  reaction  of  the  blood  by  means  of  gas-chain  cells. 
It  was  found  that  with  lethal  doses  of  acids  the  blood 
had  a  lower  concentration  of  hydroxyl  ions  than  dis- 
tilled water:  that  is  to  say,  the  blood,  compared  with 
distilled  water,  had  actually  become  acid.  At  the  same 
time,  however,  it  reacted  alkaline  to  lacmoid  paper. 
Of  extreme  importance  in  this  series  of  experiments  was 
the  fact  that  it  was  possible  to  bring  the  animals  imme- 
diately from  a  state  of  dyspnoeic  coma  by  the  intrave- 
nous injection  of  solutions  of  sodium  carbonate.  As  a 
result  of  this  work  Benedict  undertook  a  study  of 
diabetic  coma,  following  the  methods  employed  by 
Szili. 

He  sums  up  the  reasons  which, have  been  given  for 
believing  that  diabetic  coma  is  the  result  of  poisoning 
by  acids  as  follows :  .      • , 

1.  Severe  diabetics  produce,  besides  the  normal  acid 
products  of  metabolism,  excessively  large  amounts  of 
organic  acids. 

2.  The  fixed  alkalies,  sodium,  potassium,  calcium,  and 
magnesium,  are  not  sufficient  to  combine  with  the  con- 
tinual excess  of  acids  produced,  and  hence  large  quan- 
tities of  ammonia  are  used  for  this  purpose. 

3.  As  increased  acid  production  and  increased  am- 
monia elimination  almost  always  precede  the  onset  of 
dyspnoeic  coma,  and  as  /3  oxybutyric  acid  is  not  toxic 
in  itself,  one  must  assume  that  the  toxemia  is  due  to 
the  acid  character  of  the  compounds  when  the  amount 
of  alkali  formed  is  not  sufficient  for  their  neutraliza- 
tion, (o)  The  similaritv  between  the  coma  produced 
by  inorganic  acids  and  the  dyspmeic  coma  of  diabetes 
has  long  heen  recognized,     (b)  Blood  investigations  of 


diabetics  have  led  to  the  assumption  of  a  decreased  alka- 
linity of  the  fluid.  The  carbon  dioxid  content  is  low- 
ered even  to  4  volumes  per  cent,  instead  of  the  normal 
30  to  40  volumes  per  cent. 

The  points  which  stand  in  the  way  of  believing 
that  diabetic  coma  is  an  acid  intoxication  are  the  fol- 
io vv  ing : 

1.  Between  the  dyspmeic  coma  and  acid  intoxica- 
tion by  inorganic  acids  there  is  a  fundamental  differ- 
ence which  can  scarcely  be  explained  away.  While 
animals  poisoned  by  inorganic  acids  may  be  made  .to 
recover  almost  immediately  by  the  intravenous  injec- 
tion of  alkalies,  this  is  practically  never  the  case  in  the 
coma  of  diabetes. 

2.  It  appears  impossible  to  define  accurately  a  dia- 
betic coma.  One  often  finds  cases  of  carcinoma,  inani- 
tion, or  hepatic  disea.«;e  in  which  the  terminal  coma  has 
all  the  clinical  signs  of  diabetic  coma. 

3.  The  assumption  of  an  acidification  of  the  tissues 
rests  on  the  finding  of  a  diminished  carbon-dioxid  con- 
tent of  the  blood ;  but  one  finds  a  similar  decrease  in 
this  value  in  other  conditions  without  coma  interven- 
ing. On  the  other  hand,  cases  of  coma  in  diabetes  are 
on  record  in  which  the  carbon-dioxid  content  of  the 
blood  was  scarcely  below  the  normal. 

In  a  control  of  these  differences,  Benedict  investi- 
gated the  actual  reaction  of  the  blood  in  cases  of  dia- 
betes by  means  of  the  gas-chain  cell.  The  amount  of 
titratable  alkali  was  also  estimated.  Eleven  cases  of 
diabetes  were  examined,  of  which  three  terminated 
fatally  in  coma.  In  the  three  cases  of  coma  the  con- 
centration of  hydroxyl  ions  in  the  blood  was  from 
0.99X10-''  to  0.42X10-'',  with  an  average  value  of 
0.74x10-'.  In  normal  subjects  there  is  a  variation  from 
4. 1 X 10-''  to  0.41  X 10-'.  So  that  in  all  cases  the  reaction 
was  alkaline  within  what  has  been  found  to  be  normal 
limits.  It  has  also  been  shown  that  in  other  condi- 
tions, e.g.,  pregnancy,  the  alkalinity  may  fall  to 
0.2X10-'  without  any  danger  to  life.  He  therefore  be- 
lieves that  neither  tlie  results  of  Szili  nor  his  own  in- 
vestigations lend  any  support  to  the  view  that  the 
dyspnoeic  coma  of  diabetes  is  due  to  an  intoxication  by 
acids. 

Folin  doubts  that  the  evidence  presented  by  Szili  and 
by  Benedict  is  sufficient  to  discredit  the  acid-intoxica- 
tion theory,  and  bases  his  conclusions  on  the  fact  that 
the  Hungarian  investigators  have  viewed  the  intoxica- 
tion from  the  standpoint  of  the  physical  reaction  of  the 
blood,  and  that  poisoning  with  large  amounts  of  acids 
does  not  yield  comparable  results  with  the  slow  toxemia 
resulting  from  the  production  of  an  excessive  amount 
of  acid  in  daily  metabolism. 

While  the  latter  point  is  certainly  well  taken,  the 
present  writer  cannot  agree  that  the  former  criticism 
is  justified.  The  acid  effects  of  solutions  of  acids  are 
due  solely  to  the  concentration  of  hydrogen  ions.  If 
the  effects  of  the  organic  acids  produced  in  the  abnor- 
mal metabolism  of  diabetes  are  not  those  of  hydrogen 
ions,  one  must  assign  a  name  other  than  acid  intoxica- 
tion to  the  toxemia  resulting  from  their  action  in  the 
organism.  C.  G.  L.  Wolf. 
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ALASKA  —This  vast  northwestern  possession  of  tlie 
United  States,  extending  over  16  degrees  of  I'ltiV'de  and 
35  degrees  of  longitude,  and  embracing^  ^^^'Tf^I^Zl 
miles  of  territory,  equal  to  nearly  one-sixth  ot  the  ai ea 
of  the  United  States,  exhibits  a  variety  ot  climatic  con- 
ditions and  contrasts  dependent  not  only  upon  latitude, 
but  upon  the  topography  of  the  country  and  the  in- 
fluence of  the  surrounding  waters  and  currents.  Two 
great  climatic  divisions  can  be  made :  southern  or  tem- 
perate Alaska,  which  can  be  subdivided  into  the  SitKa 
Kadiak  and  Aleutian  divisions,  and  northern  Alaska  or 
the  Yukon  district,  embracing  the  vast  region  to  tUe 
north  and  west  of  the  Alaskan  Mountains.  _ 

The  climate  of  temperate  Alaska  is  characterized  by 
two  striking  peculiarities:  comparative  warmth  and 
great  moisture,  caused  by  the  Euro  Siwo,  the  Grult 
Stream"  of  the  Pacific.  This  current  crosses  the  Pacific 
in  about  latitude  45°  N.,  and  impinges  on  the  coast  of 
British  Columbia  where  it  divides,  one  portion  turning 
northward  and  westward  and  the  other  southward.  As 
a  result  of  this  condition,  the  temperature  is  greatly 
modified  from  what  the  latitude  alone  would  lead  one  to 


c^i-»^°> 


from  Greenwich 


expect,  exactly  as  the  climate  of  Great  Britain,  for  ex- 
ample, is  modified  by  the  gulf  stream.  The  isotherm  of 
40°  mean  annual  temperature,  that  of  the  lower  St.  Law- 
rence valley,  is  the  mean  annual  isotherm  of  the  Southern 
Alaskan  coast  region.  Sitka,  with  a  latitude  of  57.03°, 
which  is  the  same  as  the  latitude  of  Labrador  on  the 
Atlantic  coast,  has  a  mean  annual  temperature  of  43. 9°  F. , 
which  is  only  2.6°  lower  than  that  of  Portland,  Me.,  and 
a  mean  winter  temperature  of  32.5°,  which  is  6.9°  higher 
than  that  of  Portland,  and  only  a  little  less  than  that  of 
Washington,  D.  C.  The  extreme  range  of  temperature 
is  from  a  point  a  trifle  below  zero  to  90°  above.  Simi- 
larly, Juneau,  in  the  Sitka  district,  northeast  fiiom  Sitka, 
has  a  mean  annual  temperature  of  40.9°  F.  The  annexed 
chart  of  the  maximum,  minimum,  and  mean  tempera- 
tures of  Juneau  and  Sitka  for  the  year  indicate  still 
further  the  moderate  temperature  of  the  region. 


The  second  peculiarity  of  temperate  Alaska  is  moisture 
in  the  form  of  rain  or  fog,  and  in  the  Sitka  division, 
which  extends  from  Dixon  Entrance  to  William  s  bound, 
the  yearly  rainfall  is  from  eighty  to  one  hundred  and 
three  inches,  and  there  are  on  an  average  but  sixty-six 
clear  days  in  the  year.  "When  the  sun  shines,  the  at- 
mosphere is  remarkably  clear,  the  scenic  eflectsare  nwg- 
nificent,  all  nature  seems  to  be  in  holiday  attire.  But 
the  scene  may  change  very  quickly;  the  sky  becomes 
overcast;  the  winds  increase  in  force;  rain  begins  to  tall; 
the  evergreens  sigh  ominously,  and  utter  desolation  and 
loneliness  vrevail,"  [United  States  Department  of  Agri- 
culture Weather  Bureau.]  The  Sitka  district  is  very 
mountainous,  and  the  coast  bold  and  steep  with  few 
beaches.  The  mountain  sides  are  densely  wooded,  and 
the  snow  line  begins  at  an  elevation  of  from  three  thou- 
sand to  five  thousand  feet.  The  prevailing  winds  being 
westerly  and  off  the  ocean,  bring  the  moisture  to  the 
snowy  mountains,  which  condense  it.  Hence  it  is  the 
combination  of  the  mountains,  the  prevailing  moist  winds 
from  the  sea,  and  the  warm  Japan  current,  which  results 
in  this  enormous  rainfall,  nowhere  else  equalled  in  the 
United  States,  the  annual  rainfall  at  Sitka  being  more 
than  double  that  on  the  Atlantic  coast.  At  Sitka  the 
rainfall  for  the  three  winter  months  is  about  thirty 
inches,  and  for  the  three  summer  months  sixteen  inches. 

The  Sitka  region  is  the  scenic  portion  of  Alaska,  visited 
by  tourists,  and  here  are  found  immense  glaciers  descend- 
ing into  the  ocean. 

The  country  is  heavily  wooded  with  spruce,  hemlock, 
and  cedar,  and  the  vegetation  is  dense.  On  account  of  the 
sparse  sunshine  agriculture  is  diflScult,  but  many  garden 
vegetables  are  successfully  grown. 

In  the  Kadiak  district,  which  comprises  Cook's  Inlet, 
the  peninsula  of  Alaska,  and  the  Kadiak  Islands,  the 
climate  is  similar  to  that  of  the  Sitka  region,  but  there  is 
more  sunshine  and  less  rain,  and  the  seasonal  extremes  of 
temperature  are  greater.  At  Kadiak  the  annual  mean 
temperature  is  40.6°  F.,  and  the  number  of  days  of  rain  or 
snow  for  ten  months  of  the  year  1899  was  133,  and  the 
number  of  cloudy  days  124,  making  257  cloudy  and  rainy 
days  out  of  304.  The  monthly  mean  temperature  at 
Kadiak  for  eight  years  is  as  follows: 

Kadiak— Lat.  57°  48' ;  Long.  1.52°  19'.     Monthly  Mean  Tempera- 
ture (Degrees  Fahrenheit)  for  Eight  Years. 

January 30.0 

February 28.2 

March 32.6 

April 38.3 

May 43.2 

June 49..5 

July 54.7 

In  the  Aleutian  district,  comprising  the  range  of  Aleu- 
tian Islands,  the  range  of  temperature  is  much  the  same, 
as  the  following  chart  of  Unalaska  indicates : 


August 55.3 

September .'. 50.0 

October 42.3 

November 34.7 

December 30.5 

Year 40.6 


Unalaska— Lat.  53°   54' ;  Long.  166°  24'.    Monthly  Mean 
PERATURE  (Degrees  Fahrenheit)  for  Six  Years. 


Tem- 


January 30.0 

February 31.9 

March 30.4 

April 35.6 

May 40.9 

June 46.3 

July 50.6 


August 51.9 

September 45.5 

October 37.6 

November 33.6 

December 30.1 

Year 38.7 


Average  Monthly  Maximum,  Minimum,  and  Mean  Tbmpbr.vtures  (Degrees  Fahrenheit)  op  Juneau  and 

SiTKA  FOR  the  Focr  Ybars  1899-1902  Inclusive. 


Jan. 


Feb. 


Apr. 


May. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Juneau— 

Mean  maximum 

Mean  minimum. 

Daily  mean 

Sitka— 

Mean  maximum. 

Mean  minimum . 

Dally  mean 


41.7° 


51.0 
23.3 
35.7 


43.0° 
12.0 
29.1 

47.3 
16.3 
34.3 


50.7° 
6.0 
32.8 

53.6 
7.6 
35.8 


57.2° 
29.5 
40.6 

58.0 
28.3 
42.0 


66.2° 
33.2 
46.6 

64.7 
31.3 
44.6 


73.2° 
39.2 
56.6 

67.7 
34.7 
50.6 


78.5° 
44.0 
57.5 

78.5 
40.0 
55.5 


67.7° 
41.7 
54.2 


39.7 
54.4 


63.7° 
a5.'7 
49.8 

65.0 
37.7 
50.9 


58.7° 
27.0 
43.0 

60.0 
30.5 
45.2 


49.6° 
19.3 
35.9 

54.0 
23.3 
38.0 


47.6° 
11.0 
32.6 

4S.7 
21.3 
34.3 
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Alaska. 
Alaska, 


According  to  Harrlman  (Alaskan  expedition),  there 
■were  at  Unalaska  only  8  days  in  tlie  year,  during  several 
years  record,  which  were  entirely  clear,  the  remaining 
iJ13  being  cloudy  and  371  of  these  were  rainy  or  snowy 

The  Yukon  district,  or  Northern  Alaska,  comprises 
that  vast  region  of  the  Yukon  Valley  which  extends  from 
the  Alaskan  Mountains  to  the  Arctic  Ocean  on  the  north 
and  Behring  Sea  and  Strait  in  the  west. 

In  the  interior  of  this  region  the  climate  becomes  colder 
anddner— extremely  rigorous  during  the  long  winter  and 
relatively  hot  in  the  short  summer.  As  one  continues 
north  arctic  conditions  of  climate  begin.  On  the  Behr- 
ing Sea  coast,  north  of  the  Aleutians  Islands,  the  winter 
climate  is  much  more  severe  than  that  of  temperate  Alas- 
ka on  the  Pacific  coast,  but  in  summer  the  difference  is 
less  marked.  At  St.  Michaels,  on  the  south  side  of  Nor- 
ton Sound,  the  mean  summer  temperature  is  50°  F 
which  is  but  4°  below  that  of  Sitka ;  and  at  Point  Bar- 
row, on  the  Arctic  Ocean,  the  most  northerly  point  in  the 
United  States,  the  mean  summer  temperature  is  36.8°  P. 
Furthermore,  the  winter  on  the  Behring  Sea  coast  about 
the  mouth  of  the  Yukon  River  and  the  Seaward  Penin- 
sula is  somewhat  less  protracted  and  severe  than  in  the 
interior,  although  it  is  still  long,  and  from  October  to 
May  the  temperature  rarely  rises  above  the  freezing 
point. 

Extreme  cold,  however,  as  one  knows  from  the  experi- 
ence of  Arctic  explorers,  is  not  detrimental  to  health,  and 
at  Nome,  the  most  populous  mining  town  in  Alaska,  the 
winter  is  said  to  be  the  most  agreeable  season  of  the  year, 
in  spite  of  the  fact  that  in  midwinter  there  are  but  few 
hours  of  daylight,  the  shortest  days  giving  but  about 
three  and  a  half  hours  of  dusky  light.  "  With  hands  and 
feet  warmly  protected,  and  winter  underwear  and  wind- 
proof  outer  clothes  and  exercise,  one  can  comfortably 
weather  a  degree  of  cold  which,  in  lower  latitudes, 
would  immediately  transform  him  to  an  icicle.  This  is 
due  to  the  dryness  of  the  cold."  ("The  Land  of  Nome," 
by  Laurie  McKee,  New  York,  1902.) 

The  following  table,  compiled  from  observations  of  the 
United  States  Weather  Bureau,   gives  the  ^.nnual  and 


September  or  1st  of  October.  The  prevailing  winds  are 
from  the  north,  and  severe  blizzards  with  strong  north- 
east gales  are  frequent  in  winter.  In  comparing  the  cli- 
mate of  Nome  with  that  of  the  Klondike  region  to  be 
spoken  of  directly,  it  may  be  said  tiiat  in  general  the  cli- 
mate of  the  latter  is  rather  more  favorable  than  that  of 
the  former.  The  most  trying  climatic  element  is  the  con- 
tinual wind. 

Fifteen  hundred  miles  in  the  interior,  to  the  east  of 
Nome  City,  is  the  Klondike  region,  also  famed  and  fre- 
quented for  the  gold  discovered  there.  It  is  reached 
either  overland — theconmion  passenger  route  from  Skag- 
way  by  rail  for  about  one  hundred  miles  by  the  White 
Pass  and  Yukon  Railroad,  and  thence  by  steamer  on  the 
upper  Yukon  to  Dawson — or  by  the  longer  all-water 
route,  which  is  principally  used  for  freight,  by  way  of 
the  lower  Yukon.  The  distance  from  Skagway  to  Daw- 
son, the  principal  city  of  the  Klondike  (in  Canadian  Ter- 
ritory), is  five  hundred  and  eighty  miles. 

The  general  characteristics  of  the  Klondike  climate  are 
similar  to  those  of  Nome — long,  extremely  cold  winters, 
with  much  snow  and  "brief  but  relatively  hot  summers." 
"In  midwinter  the  sun  rises  from  9 :30  to  10  a.m.,  and  sets 
from  2  to  3  p.m.,  the  total  length  of  daylight  being  about 
four  hours."  (United  States  Weather  Bureau  report.) 
In  June  the  sun  rises  about  1 :30  in  the  morning  and  sets 
at  10:80  p.m.,  "giving  about  twenty  hours  of  daylight, 
and  diffuse  twilight  the  remainder  of  the  time. "  "  Dur- 
ing the  warmer  days  of  summer  the  heat  feels  almost 
tropical;  the  winter  cold  is,  on  the  other  hand,  of  almost 
the  extreme  Siberian  region."  "Yet  a  beautiful  vegeta- 
tion smiles  not  only  over  the  valleys,  but  on  the  hilltops, 
the  birds  gambol  in  the  thickets,  and  the  tiny  mosquito 
pipes  out  its  daily  sustenance  to  the  wrath  of  man." 
(Heilprin,  "Alaska  and  the  Klondike.") 

The  following  observations  of  mean  and  extreme  tem- 
peratures of  the  United  States  Weather  Bureau  made  at 
the  Yukon  River  at  the  international  boundary,  about 
eighty  miles  north  of  Dawson,  from  September,  1889,  to 
June,  1891,  will  indicate  approximately  the  temperature 
conditions  of  the  Klondike. 


St.  Michaels. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Tear. 

Mean  maximum  (.deffs.  Fahr.) . 
Mean,  minimum 

33.5° 

-34.0 

-8.0 

44.0 

-47.0 

1 

38.0° 

-20.0 

-2.3 

41.0 
-41.0 

4 

32.0° 

-17.0 

8.9 

43.0 
-39.0 

6 

40.5° 

-20.5 

19.9 

46.0 

-27.0 

8 

48.5° 
-7.0 
33.1 
57.0 
-2.0 

9 

62.5° 
27.0 
46.3 
75.0 
22.0 

9 

77.0° 
40.0 
53.6 
75.0 
33.0 

12 

65.0° 
37.0 
51.9 
69.0 
32.0 

14 

56.0° 
25.0 
43.9 
69.0 
18.0 

14 

47.5° 
6.5 
30.5 
54.0 
3.0 

11 

37.0° 
-4.0 
15.6 
42.0 
-24.0 

9 

34.0° 

-24.0 

4.8 

45.0 
-43.0 

5 

.... 

Mean  monthly 

26  1° 

Extreme  maximum 

75  0 

Extreme  minimum 

Mean   number   of   rainy  and 
snowy  days 

-47.0 
108 

monthly  mean  temperatures  and  the  extremes  for  St. 
Michaels,  which  is  on  the  southern  side  of  Norton  Sound  ; 
it  also  may  be  utilized  for  ascertaining  approximately 
the  yearly  temperature  of  Cape  Nome,  which  is  one  hun- 
dred and  fifty  miles  distant  on  the  northern  shore  of  Nor- 
ton Sound,  at  its  junction  with  Behring  Sea.  In  the 
same  table  will  be  found  a  statement  of  the  mean  num- 
ber of  rainy  and  snowy  days.  As  will  be  seen,  the  rain- 
fall is  very  light,  and  is  about  fourteen  inches  annually, 
a  striking  contrast  to  that  of  Southern  Alaska. 


From  observations  made  on  the  Yukon,  not  far  from 
the  site  of  the  gold  discoveries,  by  the  United  States 
Coast  and  Geodetic  Survey  for  a  so-ies  of  six  months,  the 
following  temperatures  are  noted :  From  October,  1889, 
to  April,  1890,  the  mean  temperature  was  as  follows: 
October,  83°  (above  zero) ;  November,  8°  (above  zero) ; 
December,  11°  (below  zero);  January,  17°  (below  zero) 
February,  15°  (below  zero);  March,  6°  (above  zero); 
April,  20°  (above  zero).  "The  daily  mean  temperature 
fell  and  remained  below  the  freezing  point  (83°  P.)  from 


Yukon  River  at  Ikteknational  Boondaky,  Lat.  65°,  Long.  141° 


Jan. 

Feb. 

Mar. 

Apr. 

ilay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Mean  temperature  (degs.  Fahr.) 

-17.0° 

25.0 

-60.0 

-10.0° 

37.0 

-55-0 

7.0° 

38.0 

-45.0 

24.0° 

66.0 

-26.0 

45.0° 
74.0 
8.0 

57.0° 
84.0 
30.0 

60  0° 
87.0 
35.0 

52.0° 
74.0 
31.0 

39.0° 
66.0 
14.0 

31.0° 
52.0 
4.0 

3.0° 

39.0 

-35.0 

-16.0° 

17.0 

-49.1) 

23.0° 
87.0 

-60.0 

One  cannot  be  sure  of  reaching  Nome  by  sea  much  be- 
fore the  middle  of  June  on  account  of  the  ice  in  Behring 
Sea,  or  of  getting  away  from  there  after  the  latter  part  of 


November  4th,  1889,  to  April  21st,  1890,  thus  giving  one 
hundred  and  sixty-eight  days  as  the  length  of  the 
closed  season.     The  lowest  temperatures  registered  dur- 
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ing  the  winter  were:  32°  below  zero  in  November;  47" 
below  zero  in  December;  59°  below  zero  in  January; 
65°  below  zero  in  February ;  45°  below  zero  in  March ; 
26°  below  zero  in  April.  "The  greatest  continued  cold 
occurred  in  February,  1S90,  when  the  daily  mean  for  five 
consecutive  days  was  47°  below  zero.  The  weather 
moderated  slightly  about  the  1st  of  March,  but  the  tem- 
perature still  remained  below  the  freezing  point.  Gen- 
erally cloudy  weather  prevailed,  there  being  but  three 
consecutive  days,  in  any  month,  with  clear  weather,  dur- 
ing the  whole  winter.  Snow  fell  upon  one-third  of  the 
days  in  winter,  and  a  less  number  in  the  early  spring  and 
late  fall  months.  The  change  of  temperature  from  win- 
ter to  Slimmer  is  rapid  owing  to  the  great  increase  in  the 
length  of  the  day."  (Bulletin  of  the  United  States 
Weather  Bureau,  July  29th,  1897.) 

Harriman  (Alaska  expedition)  says  that  the  mean  tem- 
perature of  the  warmest  month  on  the  Yukon,  in  latitude 
64°  41',  was  4°  higher  than  at  Sitka  over  five  hundred 
miles  farther  south ;  but  while  at  Sitka  the  extreme  range 
of  temperature  is  90",  it  will  be  seen  f  j-om  the  above  table 
that  on  the  Yukon  it  is  147°. 

"  With  a  claim  to  have  seen  many  distant  lands,"  says 
Pi'ofessor  Heilprin,  ■'  I  can  truthf ull}'  say  that  never  be- 
fore had  it  been  my  fortune  to  experience  such  a  succes- 
sion of  wonderful  summer  days  as  during  my  .stay  in  the 
region  about  Dawson.  Prom  August  6th  to  September 
20th,  barring  three  days  of  partial  rain,  and  perhaps  a 
fourth  of  cloudiness  and  mist,  the  weather  was  simply 
perfection— a  genial,  steady,  mild  summer,  with  a  tem- 
perature rising  at  its  highest  to  about  80°  or  82°  F.  in  the 
shade." 

The  average  annual  rainfall  is  given  as  from  ten  to 
twenty-five  inches,  and,  according  to  the  authority  just 
quoted,  the  weather  is  bright  and  sunny,  and  there  is 
practically  no  fog.  "There  is  more  sunshine,"  says 
Harriman,  "in  a  month  (in  the  interior)  than  at  Sitka  in 
a  year." 

Such  a  climate,  although  severe,  is  said  to  be  a  healthy 
and  invigorating  one  to  most  people,  for  the  cold  is  uni- 
form and  dry,  and  there  is  very  little  wind,  a  contrast,  in 
this  respect,  to  Nome.  In  a  report  by  Capt.  W  P  Rich- 
ardson, Eighth  Infantry,  CI.  S.  A.,  the  fact  is  stated  that 
when  the  thermometer  rises  to  zero,  as  it  sometimes  does 
in  midwinter,  it  is  too  warm  for  comfortable  travel  The 
best  temperature,  he  states,  is  from  10°  to  25°  or  30°  be- 
low zero.  "  With  this  temperature  the  sleds  run  easily 
dogs  work  with  spirit,  and  one  can  exercise  with  the 
warm  clothing  necessary  at  all  times  in  Alaska  without 
discomfort."  The  ground  is  frozen  deeply,  and  in  the 
warmest  season  only  thaws  to  the  depth  of  a  foot  or  two 
The  vegetation  in  the  Klondike' region  is,  comparatively 
speaking,  far  more  luxuriant  than  at  Nome  where  it  is 
of  arctic  character,  chiefly  mosses  and  lichens,  and  the 
tundra  or  thick  peat  moss,  or  grass  which  renders  foot 
travelhng  wearisome  and  slow.  In  the  Klondike  region 
the  country  Is  well  wooded,  principally  with  the  spruce 
although  the  aspen,  birch,  balsam,  and  poplar  are  found' 
and  this  region  of  forest  extends  with  breaks  several 
hundred  miles  northward  of  Dawson.  In  the  summer 
the  country  is  green  and  variegated,  with  a  rich  floia 
Grass  grows  abundantly,  and  all  the  hardy  vegetables  are 
said  to  grow  without  trouble.  Grain,  vegetables,  and 
truit  have  been  raised  in  small  quantities  The  native 
strawberry  is  found  in  many  parts  of  the  Yukon  valley 

berrv°  /n  fll  ?T"'  "^^1^'^  ^""'=«'  especially  the  blu^: 
tZ7'  .  .  ^  ^."^"."  "^"'^y-  '^ear  Dawson,  celery,  let- 
tuce, potatoes  turmps,  etc.,  have  been  successfully 
grown,  as  well  as  oats  and  wheat,  and  this  in  a  latitude 
which  runs  through  Greenland  and  Iceland!  Of  course 
such  results  would  be  impossible  were  it  not  for  the  S 
that  the  summer  days,  though  few,  are  very  hot  and  the 
sun  IS  almost  continually  above  the  horizon^ 

Allska'  The'll";!^^'^  *"?  the  principal  industries  of 
n,Pr^^;f  The  discovery  of  gold  has  naturally  attracted 
the  most  attention,  but  the  fisheries  form  one  of  the  most 
important  industries,  and  next  in  importance  to  thr^tnr 
trade  is  the  salmon  industry.    The  population  was  63,592 
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at  the  census  of  1900,  of  which  number  over  45,000  were 
males  and  about  half  were  whites. 

Nome  City  is  the  largest  town,  with  a  population  of 
over  12,000,  and  next  comes  Skagway,  with  a  little  over 
3,000.  Dawson,  the  principal  town  of  the  Klondike  re- 
gion, in  Canadian  Territory,  had  in  1899  16,000  inhabi- 
tants. 

The  testimony  is  somewhat  conflicting  regarding  the 
mosquitoes,  but  they  are  apparently  pretty  abundant, 
and  at  certain  times  and  places  constitute  a  veritable 
scourge.     The  gnats  are  also  very  annoying. 

The  accommodations,  especially  in  the  mining  towns, 
are  naturally  not  of  the  best,  and  are  expensive;  still, 
any  one  possessed  of  robust  health  need  not  be  deterred 
either  by  the  climate  or  by  the  poor  accommodations  from 
a  journej'  to,  or  a  permanent  abode  in,  Alaska.  The 
steamer  accommodations  from  San  Francisco,  Seattle,  or 
Vancouver  are  by  some  lines  quite  satisfactory.  A  sum- 
mer excursion  to  the  southeastern  coast  of  Alaska — the 
iceberg  region — is  a  favorite  one. 

References. — Various  government  reponsfrom  the  Inte- 
rior Department;  Department  of  Commerce  and  Labor; 
Department  of  Agriculture,  and  the  Weather  Bureau; 
yearly  reports  of  the  governor  of  Alaska;  Harriman, 
"  Alaska  Expedition " ;  Heilprin's  "  Alaska  and  the 
Klondike";  "The  Land  of  Nome,"  by  Laurie  McKee; 
"The  Pacific  Coast  Pilot,"  and  many  other  special  works. 

Edward  0.  Otis. 

ALYPIIM  is  the  benzoyl-ethyl-tetramethyldiamino- 
jropanol  hydrochloride  (CH3)2N  CHj  .  C(C2H5): 
ICeHsCOO)  .  CH.,\(CH3)..HC1.  It  occurs  as  a  white 
crystalline  powder,  melting  at  169°  C.  (336° 4- P.).  It 
is  highly  hygroscopic  and  consequently  very  freely  solu- 
ble in  water  and  alcohol.  Aqueous  solutions  are 
neutral  and  not  changed  to  turbid  appearance  on  the 
addition  of  a  small  quantity  of  sodium  bicarbonate.  So- 
lutions may  be  sterilized  by  boiling  for  a  brief  period; 
if  heat  is  continued,  however,  the  alypin  is  decomposed. 
It  has  a  strong,  bitter  taste. 

Because  of  its  hygroscopic  nature,  alypin  should  be 
kept  in  securely  stoppered  vials  to  exclude  the  air. 
Prom  two-  to  four-per-cent.  solutions  are  stable ;  weaker 
ones  soon  become  mouldy.  Potassium  iodide  T.S.  pro- 
duces a  white  precipitate;  potassium  dichromate  T.S., 
a  yellow  crystalline  precipitate  which  is  soluble  in  hy- 
drochloric acid;  potassium  permanganate  T.S. ,  a  violet 
crystalline  precipitate  which  becomes  brown  on  stand- 
ing. 

Alypin  is  one  of  the  many  local  anaesthetics  which 
have  recently  appeared  as  surrogates  for  cocaine.  It  is 
claimed  to  equal  cocaine  in  intensity  and  duration  of 
antesthesia;  that  its  use  does  not  affect  the  accommo- 
dation, produce  mydriasis  or  intraocular  pressure,  and 
that  It  IS  less  toxic  than  cocaine.  Injections  are  fol- 
lowed by  a  transient  hypersemia.  Reports  do  not  agree 
as  to  the  action  of  alypin  upon  the  tissues;  irritation, 
even  necrosis,  having  been  noted  following  its  employ- 
ment. Others  claim  it  le.ss  efficient  than  cocaine. 
■A  ^  '"t[a,Iaryngeal  intervention  alypin  seems  to  be  an 
Ideal  substitute  for  cocaine.  It  is  used  externally  to 
tne  unbroken  skin  or  mucous  membrane  as  well  as  hypo- 
dermically  and  subcutaneously.  Indications  for  its  use 
are  the  same  as  for  cocaine.  Solutions  should  be  freshly 
prepared  and  may  be  combined  with  any  one  of  the 
suprarenal  principles— suprarenalin,  adrenalin,  or  supra- 
renin  Loca  y  alypin  is  used  in  ten-per-cent.  solutions ; 
hypodermically,one-to  four-per-cent.;  instillations  into 
the  eye,  one-  to  two-per-cent. 

Alypin  nitrate  may  be  combined  with  silver  nitrate 
when  treating  urethritis  or  cystitis  and  to  anesthetize 
the  urethra  before  the  introduction  of  instruments. 

AN/ESTHESIA,  ELECTRIC.-Electric  sleep  or  elec- 
tric anaesthesia  may  be  induced  in  man  or  in  animals 
by  means  of  the  Leduc  current— a  direct  current  inter- 
rupted a  given  number  of  times  per  second— by  means 
ot  a  special  interrupter  designed  by  Professor  Rouxeau, 
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of  Nantes,  France.     The  interrupter  is  known  as  the 
l^educ  interrupter. 

Instruments  Needed. — A  reducer  of  potential,  a  Leduc 
interrupter,  a  milliamperemeter,  a  mercury  interrupter 
commonly  used  in  laboratories,  and  a  voltmeter. 

The  essential  part  of  the  Leduc  interrupter  is  a  wheel 
made  of  metal  into  which  are  inserted  segments  of 
stone  or  ivory,  co  that  the  electric  current  that  passes 
through  this  wheel  is  interrupted  at  each  stone  segment. 
Two  metal  levers,  one  of  which  is  movable,  are  in  con- 
tact with  the  circumference  of  the  wheel.  The  current 
passes  through  the  interrupter  when  each  of  the  two 
levers  is  in  contact  with  a  corresponding  metal  segment 
of  the  wheel ;  and  the  current  is  interrupted  when  one 
of  the  metal  levers  passes  over  a  stone  segment  while 
the  wheel  is  in  motion.  The  period  of  the  passage  of 
the  current  is  regulated  by  changing  the  position  of  the 
movable  lever — while  it  is  in  contact  with  a  metal  seg- 
ment of  the  wheel — in  relation  to  the  immovable  lever, 
which  is  also  in  contact  with  a  metal  segment  of  the 
wheel.  A  scheme  of  the  wheel  and  the  relative  positions 
of  the  levers  is  published  in  my  Paris  thesis,  1906.'  A 
dynamo  in  the  interrupter  is  run  on  a  sufficient  voltage 
to  cause  the  required  number  of  interruptions  per  sec- 
ond. The  number  of  interruptions  most  favorable  to 
the  production  of  electric  sleep  or  electric  anaesthesia  is 
one  hundred  and  ten  per  second,  and  the  most  favorable 
period  of  the  passage  of  the  current  is  one-tenth.  The 
new  model  of  the  Leduc  interrupter  is  made  by  two  dif- 
ferent firms  in  Paris ;  a  tachymeter  shows  the  exact 
number  of  interruptions  per  second,  and  the  period  of 
the  passage  of  the  current  is  indicated  on  a  scale  con- 
nected with  the  movable  lever.  The  number  of  inter- 
ruptions per  second  and  the  period  of  the  passage  of  the 
current  should  be  regulated  before  the  operation  is 
begun. 

Electric  Sources. — My  comparative  studies  of  various 
electric  sources  lead  me  to  believe  that  the  tranquiUity 
of  electric  sleep  depends  on  the  stability  of  the  electric 
current  used  (see  my  paper  "  Electric  Sleep,"  etc.,  pub- 
Ushed  in  the  Journal  of  Mental  Pathology,'  and  my 
thesis  cited  above).  I  discovered  the  fact  that  ac- 
cumulators were  preferable  to  the  city  current  while  I 
was  experimenting  in  Rome,  Italy,  where  the  city  cur- 
rent is  an  alternating  current,  and  I  was  obliged  to  use 
accumulators. 

The  potential  of  the  current  should  be  limited  to  a 
little  over  the  potential  needed  for  the  production  of 
sleep.  This  precaution  is  particularly  important  when 
the  operator  has  not  had  sufficient  experience  in  the 
administration  of  electric  sleep.  One  colleague,  who 
is  an  accomplished  physicist,  electrician,  as  well  as  sur- 
geon, electrocuted  an  animal  instantly  while  trying  to 
subject  it  to  electric  sleep  before  an  audience  of  physi- 
cians assembled  to  witness  the  induction  of  electric 
anesthesia.  A  small  source  of  electricity  makes  it  im- 
possible to  commit  the  error  of  electrocuting  a  sub- 
ject instead  of  submitting  it  to  electric  sleep. 

While  experimenting  in  Rome,  I  also  discovered 
that  electric  sleep  was  more  quiet  when  the  dynamo 
of  the  interrupter  was  run  by  a  separate  source  of  elec- 

Mode  of  Procedure. — The  negative  pole  of  electric 
source  is  connected  with  the  reducer  of  potential,  the 
Leduc  interrupter,  and  the  head  electrode.  The  posi- 
tive pole  of  the  electric  source  is  connected  with  the 
reducer  of  potential,  the  milliamperemeter,  the  small 
mercury  interrupter,  and  the  electrode  at  the  lower 
part  of  the  spine.  The  animal's  fur  is  closely  cut  with 
scissors  on  the  head  and  at  the  lower  part  of  the  spine 
where  the  electrodes  should  be  apphed.  Care  should 
be  taken  not  to  inflict  any  cuts  on  the  skin  while  the 
fur  is  being  shaven.  The  shaven  skin  and  the  electrodes 
are  thoroughly  wet  with  a  normal  salt  solution  before 
the  electrodes  are  applied. 

The  circuit  is  closed  by  means  of  the  mercury  inter- 
rupter, and  the  current  is  allowed  gradually  to  course 
through  the  animal's  body  by  shifting  the  handle  of  the 


reducer  of  potential.  As  the  voltage  is  bein^  increased, 
the  animal  shows  signs  of  uneasiness  and  tries  with  its 
forepaws  to  dislodge  the  electrode  on  the  head,  or  makes 
an  attempt  to  escape.  But  as  the  voltage  is  still  further 
increased,  the  animal  falls  on  its  side,  its  body  and 
limbs  showing  a  generalized  tremor.  This  tremor  dis- 
appears as  soon  as  the  proper  potential  is  reached,  from 
five  to  ten  volts,  as  indicated  by  the  voltmeter  placed  in 
derivation.  At  this  time  the  milliamperemeter  regis- 
ters from  1.5  to  3  milliamperes  (the  potential  and  ten- 
sion for  experiments  on  dogs  and  rabbits). 

Limitations  of  the  Degree  of  Electric  Sleep  or  Electric 
Anwsthesia. — Electric  sleep  may  be  induced  with  a, 
given  voltage — five  to  ten  volts  for  dogs  of  all  sizes. 
If  this  potential  is  reduced  by  one  or  two  volts,  the  ani- 
mal resumes  its  defensive  movements ;  if  the  potential 
is  increased  by  one  or  two  volts,  breathing  becomes  dif- 
ficult and  the  animal  is  thrown  into  a  convulsive  state 
that  can  be  relieved  only  by  reducing  the  potential. 
This  peculiarity  of  reaction  serves  as  a  safeguard  to  the 
experienced  operator;  for  the  latter  this  reaction 
makes  it  impossible  to  commit  the  error  of  asphyxiat- 
ing the  animal  instead  of  subjecting  it  to  electric  sleep. 
An  "  experienced  operator  "  is  a  physician  who  has  had 
not  less  than  two  years'  daily  experience  in  producing 
electric  sleep,  as  well  as  in  handling  the  instruments 
and  the  electric  sources. 

Mode  of  Reaction  During  Electric  Sleep. — While  under 
the  influence  of  electric  sleep  the  animal  appears  as  fol- 
lows :  It  lies  on  its  side  with  its  eyes  open  and  the  pupils 
slightly  contracted.  The  forepaws  are  stiff,  stretched 
out  forward,  and  animated  by  a  continuous  fine  tremor. 
The  skin  reflexes  are  exaggerated,  but  sensibility  to 
pain  seems  to  be  abolished.  The  latter  condition  has 
made  it  possible  for  me  to  utilize  electric  anaesthesia  in 
laboratory  surgery  practised  on  animals. 

Electric  sleep  causes  evacuation  of  the  bowels,  in- 
voluntary urination,  and  in  pregnant  animals  it  induces 
abortion. 

Electric  anaesthesia  is  never  absolute  in  the  sense  that 
we  understand  the  term  chloroform  or  ether  anaesthesia ; 
during  electric  sleep  an  animal  is  very  apt  to  lift  its  head, 
cry  out,  make  some  defensive  movements,  and  then  fall 
back  on  its  side  and  remain  quiet  again  for  some  time. 
If  the  animal  keeps  up  its  agitation,  quiet  may  be  re- 
stored by  shifting  the  handle  of  the  reducer  of  potential 
so  as  to  decrease  or  increase  the  voltage  by  a  fraction  of 
one  volt — one-tenth  to  one-half — according  to  the  re- 
quirements. As  soon  as  the  circuit  is  opened,  the  ani- 
mal wakes  up.     There  are  no  after-effects. 

Electric  Sleep  in  Man. — Professors  Rouxeau  and 
Malherbe,  of  Nantes,  were  the  first  physicians  to  induce 
electric  sleep  in  man.  Professor  Leduc  having  submitted 
himself  under  their  care  to  this  mode  of  producing  an- 
aesthesia, which  he  had  discovered. =  In  my  thesis 
cited  above  may  be  found  a  full  account  of  the  sen- 
sations experienced  by  the  subject  during  this  sleep. 
Broadly  speaking,  there  was  complete  inhibition  of  the 
cerebral  centres  of  speech  and  of  motility,  and  partial 
inhibition  of  ideation  and  sensibility.  Professor  Leduc 
says  that  at  first  he  felt  contraction  of  the  muscles  of 
his  face  and  the  limbs ;  there  was  a  sensation  of  tin- 
gling in  the  fingers  and  toes ;  then  he  became  unable 
to  speak  and  finally  he  was  completely  unable  to  move 
or  to  react  even  to  the  most  painful  excitations.  His 
throat  emitted  some  noise,  but  this  did  not  correspond 
to  any  sensation  of  pain ;  he  thinks  that  the  noise  was 
caused  by  successive  contractions  of  the  laryngeal  mus- 
cles. He  experienced  some  difficulty  in  breathing. 
When  touched,  pricked,  or  pinched  by  his  colleagues, 
he  felt  the  tests,  but  the  sensations  were  blunt — similar 
to  those  felt  in  a  limb  that  is  "  asleep."  The  most 
painful  sensation  was  the  reahzation  that  there  was  tak- 
ing place  a  successive  dissociation  and  disappearance  of 
his  faculties.  This  sensation  he  likens  to  that  experi- 
enced during  a  nightmare — when  one  dreams  of  being 
confronted  by  great  danger,  while  he  feels  unable  to 
move  or  to  cry  out  for  help.     The  experiment  was  re- 
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peated  twice,  for  a  period  of  twenty  minutes  each  time. 
The  potential  measured  thirty-five  volts,  registering  four 
milliamperes.  This  voltage  was  not  sufficient  to  cause 
the  maximum  degree  of  electric  sleep,  but  the  operators 
did  not  wish  to  risk  using  a  higher  voltage.  Awaken- 
ing took  place  as  soon  as  the  circuit  was  opened.  There 
were  no  after-effects. 

Cardiac  Action,  Blood  Pressure,  and  Respiration  Dur- 
ing Electric  Sleep. — Professor  Rouxeau*  was  the  first 
physician  to  put  electric  sleep  on  a  physiological  basis. 
His  researches  show  that  during  electric  sleep  the  heart 
action  remains  normal,  the  blood  pressure  is  slightly 
increased,  and  the  respiration  is  slightly  accelerated. 

Temperature  During  Electric  Sleep. — I  was  the  first 
to  study  the  temperature,  cardiac  action,  and  respira- 
tion during  electric  sleep  prolonged  for  eight  hours  and 
twenty  minutes.  The  respiration  and  cardiac  action 
remained  as  was  indicated  above;  the  temperature  re- 
mained normal  or  slightly  below  normal.  Immobiliza- 
tion of  the  animal  during  that  time  is  probably  the 
cause  of  the  slight  fall  of  the  temperature.  For  de- 
tails of  the  case  see  my  thesis '  cited  above. 

Influence  of  the  Electrodes. — The  cathode  should  al- 
ways be  at  the  head.  If  the  anode  is  applied  at  the 
head  there  is  difficulty  in  breathing,  and  death  may 
take  place  after  two  hours  of  electric  sleep. 

Practical  Utility  of  Electric  Ancesthesia. — Thus  far  I 
have  been  the  only  one  to  apply  and  utilize  electric 
anaesthesia  in  laboratory  surgery  on  animals.  For  the 
last  two  years  I  have  used  this  form  of  anaesthesia 
instead  of  chloroform  or  ether.  Under  the  latter  anaes- 
thetics death  takes  place  after  a  period  of  two 
hours,  whereas  electric  anaesthesia  may  be  kept  up  for 
maiiy  hours  without  leaving  any  after-effects. 

The  operations  I  generally  perform  on  dogs  under  the 
influence  of  electric  anaesthesia  are  trephining  of  the 
skull,  abdominal  section,  exposure  of  the  carotid  ar- 
tery, etc.  I  have  never  lost  any  animal  from  the  effects 
of  electric  anaesthesia.  The  mortality  from  chloroform 
or  ether  anaesthesia  is  coiisiderable  among  animals. 

Inconvenience  of  Using  Electric  Ana:sthesia. — The  op- 
erator's hands  are  in  the  electric  circuit  while  he  oper- 
ates on  animals  under  the  influence  of  electric  anasthesia. 
And  the  operator's  whole  body  is  in  the  circuit  while 
thus  operating  in  a  room  with  a  tile  floor.  The  animal 
is  disturbed  every  time  the  operator  takes  one  of  his 
hands  out  of _  the  circuit.  And  while  operating,  the 
surgeon  experiences  a  tingling  sensation  in  his  fingers. 
If  a  small  voltage  is  used,  the  tingling  is  insignificant. 
But  a  large  voltage,  such  as  would  be  necessary  to  use 
for  causing  central  anaesthesia  in  man,  might  become  a 
great  drawback  during  major  operations  requiring  deU- 
cate  handhng.  A  rubber  sheet  spread  out  under  the 
operator  s  feet  and  rubber  gloves  on  his  hands  may  help 
to  do  away  with  the  inconvenience.  But  these  de- 
tails should  be  studied  before  passing  any  opinions  on 
them. 

Local  EUctric  An(Bsthesia.--'Loca\.  electric  anassthesia 
may  be  produced  m  any  part  of  the  body  by  putting  it 
into  the  circuit  of  the  Leduc  electric  currentf  I  have 
had  local  anaesthesia  produced  in  my  forearm  by  the  ap- 
phcation  of  one  electrode  at  the  elbow  joint  and  the 
other  at  the  wrist.  A  more  practical  application  of  the 
Leduc  current  than  is  the  one  considered  in  this  paper 

ir^^  M    1  'i^J^K  ^"''  P^'P^''^  published  in  the  Jour- 
nal of  Mental  Pathology. <■  Louise  G.  Robinovitch. 

References, 

T:tSSo^''^it'J::^^  ,%of ""'"''  ^'^^p'  •"'--■  of  ^-'''' 

viil^NaTlW.  ^""^"^  ^■-    ^°""^'  °f  Mental  Pathology,  vol. 
352 


AN/ESTHESIA,  RECTAL  ETHERIZATION.  -Ether 

ization  by  rectum  was  first  suggested  by  Roux  in  the 
Journal  de    I'Acad&mie  des   Sciences  in   1847.     In  the 
same  year  Pirogofl  practised  the  method  on  the  human 
subject.     Duprey  and  a  few  others  also  tried  it,  but  in 
general  very  little  attention  was  given  to  it.     However, 
after  MoUiSre  in  1884  revived  the  idea  and  spoke  well 
of  it,  more  attention  was  given  to  the  subject.     R.  ^^'eir, 
W.  T.  Bull,  and  others  used  it  in  New  York  and  re- 
ported some  good  results,  but  in  a  few  of  their  patients 
no  anaesthesia  was  produced,  while  in  others  bad  after- 
effects were  observed;  thus  eight  out  of  seventeen  of 
Bull's  patients  developed  melena  and  diarrhoea,  and  a 
few  profound  stupor  with  cyanosis.     Weir  lost  an  eight- 
months-old  baby  upon  whom  he  operated  for  hare-lip; 
it  died  of  melena  twenty-four  hours  after  operation. 
After  1884  nothing  further  was  heard  of  the  method 
until  J.  H.  Cunningham,  of  Boston,  brought  it  before  the 
profession  in  1898,  since  which  time  it  has  also  been 
taken  up  again  in  France.     Cunningham  has  reported 
forty-one  cases;  in  seventeen  the  anaesthesia  was  first 
started  by  mouth,  and  in  twenty-four  the  rectum  was 
alone  used.     AU  the  cases  pointed  to  the  practicability 
of  rectal  anaesthesia  if  properly  administered.     He  ob- 
tained a  good  anaesthesia  in  all  the  patients,  with  no 
deaths,  no  diarrhoea,  and  no  bloody  stools.     Leggett 
tried  it  at  Roosevelt  Hospital,  New  York,  in  1907,  in. 
thirty-one  cases,  with  no  deaths ;  bloody  stools  once; 
unsuccessful  anaesthesia  three  times. 

Method. — Roux  and  Pirogoff  used  liquid  ether  mixed, 
with  water.  MoUi^re,  Bull,  Weir,  and  the  others  of 
their  time  used  vapor  obtained  by  boiling  ether  at 
122°  F.,  the  gas  forcing  itself  into  the  rectum  by  its 
own  expansion.  By  the  latter  method  one  could  not 
appreciate  the  amount  of  ether  used,  and  the  vapor 
going  over  at  a  high  tension  was  condensed  in  the  tube 
leading  from  the  ether  bottle  to  the  rectum  and  also  in 
the  rectum  itself,  and  was  both  a  source  of  irritation 
and  the  probable  cause  of  the  diarrhoea  and  melena. 
These  objections  were  done  away  with  by  the  intro- 
duction of  Cunningham's  method.  He  placed  the  ether 
flask  in  a  water-bath  at  37°  C,  just  below  the  boiling- 
point  of  ether;  this  prevented  any  condensation  of  the 
ether  vapor,  absorption  taking  place  so  rapidly  that  it 
was  impossible  to  have  any  fluid  ether  in  the  rectum. 
With  this  idea  in  view  several  forms  of  apparatus  have 
been  constructed  (Leggett,  Annals  of  Surgery,  Octo- 
ber, 1907;  Viron,  Presse  M^dicale,  1906).  They  are 
all  on  the  same  principle.  A  graduated  flask  is  filled 
two-thirds  with  ether  and  corked.  Through  the  rub- 
ber cork  two  glass  tubes  are  inserted,  the  one,  con- 
nected with  the  afferent  tube,  through  which  air  is 
pumped  by  a  Davidson's  syringe,  going  to  the  bottom 
of  the  flask ;  the  other,  connected  with  the  efferent  tube 
leading  to  the  rectum,  is  flush  with  the  under  surface 
of  the  cork,  i.e.,  it  does  not  dip  into  the  ether.     The 

?no  Jo  Tf^  ^^^^^  ^^  P'^*'«'i  ™  a  water-bath  at  37°  C. 
m.b  b  ).  Between  the  efferent  tube  from  the  ether 
flask  and  the  rectal  tube  a  Y-shaped  piece  of  glass  tub- 
ing is  inserted  so  that  the  rectum  can  be  emptied  of  gas 
or  ether  at  any  tune;  or  instead  of  this  arrangement  a 
double-current  rectal  tube  is  used,  the  ether  vapor  go- 
ing into  the  rectum  through  one  side  while  the  excess 

l^^Vl  K  ^^^  °i  ^J^^  '■®?*™  ^y  tl^e  other  through  a 
rubber  tube  dipped  3  cm.  in  a  flask  containing  alcohol, 
thus  doing  away  with  any  stopcock  arrangement  as  b 
necessary  when  the  Y-shaped  tube  is  used  *=  '"^  ^ 
nnf  hon^'^TK  "^k""*  fPP^'-'it'Us  is  used,  the  ether  must 
tlvi,  tn  ,  A  °^^^  .™"^*  ^^  thoroughly  emptied;  if 
the  flr^,  L  "''".''T'*^"''-^^  ^"  b«  imiossible  because 
whiPh^r^L?  hr°'  absorption  or  plug  up  the  rectal  tube, 
which  must  be  inserted  about  ten  inches.     Colicky  paini 

a  e°n'St^';h^.rn'''r^  ^^'''  *^«  anesthesia  if  [hfbowek 
^sthe?ic  tT.i^-^/°JP*y>f°^^^^'^d-     When  the  an. 
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^ive  or  ten  seconds ;  after  fifteen  minutes,  when  the  pa- 
tient is  under  the  influence  of  the  antpsthetic,  two  or 
three  times  a  minute  is  enough.  Care  should  be  taken 
not  to  allow  the  jaw  to  fall  back,  as  this  interferes  with 
respiration.  If  the  patient  seems  to  get  too  much  ether, 
pressure  on  the  abdomen  will  always  force  out  any  ex- 
cess of  ether  vapor. 

Advantages— Sma\\  quantities  are  used,  none  is 
"wasted,  there  is  no  choking  sensation  or  struggling  as 
the  patient  goes  under,  little  or  no  vomiting  occurs 
afterward,  quick  recovery  follows,  and  there  is  less 
bronchial  secretion  and  salivation.  It  causes  no  vom- 
iting even  when  anfesthesia  is  induced  after  a  hearty 
breakfast.  It  facilitates  the  performance  of  opera- 
tions about  the  head,  mouth,  and  neck  as  well  as 
insures  better  asepsis.  It  is  supposed  to  be  less  dan- 
gerous, as  the  lungs  are  free  to  eliminate  the  ether,  as  it 
is  absorbed,  acting  as  a  sort  of  a  safety  valve.  It  is  to 
be  preferred  in  any  kind  of  lung  disease,  for  even  though 
it  is  eliminated  by  the  lungs,  the  direct  irritation  of 
the  concentrated  ether  is  overcome.  Patients  who  have 
been  antesthetized  by  rectum  and  by  mouth  prefer  the 
former. 

Disadvantages. — It  takes  longer  to  get  the  patient 
under.  The  method  cannot  be  used  where  there  is  any 
abdominal  distention  or  rectal  disease.  It  sometimes 
causes  a  distention  of  the  intestine  which  hampers  the 
operator  during  a  laparotomy.  Even  though  there  have 
been  practically  no  cases  of  diarrhoea  and  melena  since 
Cunningham's  method  was  used,  the  cases  reported  are 
too  few  to  exclude  positively  these  complications  from 
the  list  of  disadvantages. 

Conclusions. — In  the  cases  in  which  ether  has  been 
given  by  the  rectum  according  to  Cunningham's  method 
there  have  been  no  deaths  and  almost  no  cases  of 
•diarrhoea  and  bloody  stools.  If  further  trials  give  simi- 
lar good  results  this  form  of  anaesthesia  would  seem  to 
be  advisable  in  certain  cases,  but  on  account  of  the 
limited  experience  its  employment  is  at  present  war- 
ranted only  in  exceptional  cases.  Its  range  of  adapta- 
bihty  can  be  measured  only  by  a  more  extended  expe- 
lience.  C.  Frederic  Jellinghaus. 

AN/ESTHESIA,    SCOPOLAMINE  -  MORPHINE.  — In 

1891  Ernst  Schmidt  discovered  an  alkaloid  which  ex- 
isted in  the  root  of  various  species  of  the  genus  Sco- 
■pola,  a  plant  named  after  Scopoh,  an  Austrian  natur- 
alist; this  alkaloid  he  called  scopolamine  hydrobromate. 
In  reviewing  pharmaceutical  literature  one  is  struck 
by  the  varied  reports  as  to  the  relation  of  this  drug  to 
hyoscine  liydrobromate,  an  alkaloid  of  hyoscyamus; 
some  claim  they  are  identical,  others  hold  that  they  are 
not.  Hyoscyamus  was  used  as  an  anesthetic  in  the  Mid- 
dle Ages,  and  to-day  hyoscine  is  used  as  an  anaesthetic 
by  some  in  the  same  manner  as  scopolamine  though 
much  less  frequently.  In  1900  Schneiderlin  advocated 
the  hypodermic  use  of  scopolamine  with  morphine  as  a 
.substitute  for  a  general  anesthetic  and  soon  after  Stem- 
biichel  introduced  the  combination  into  obstetrics. 
The  uses  of  the  mixture  are  three  in  number:  (1)  as  a 
general  anaesthetic ;  (2)  as  an  aid  to  chloroform  and 
•ether  narcosis ;     (3)  as  a  partial  anesthetic  m  obstetrics. 

Action. — ^Without  going  into  any  details  as  regards 
the  tiysiological  action,  we  may  say  that  soon  after  its 
administration  the  patient  becomes  drowsy,  the  face 
slightly  red,  the  throat  dry,  the  pupils  dilated,  and  if 
the  dose  was  large  enough  he  finally  goes  to  sleep  (be- 
•comes  anajsthetized).  This  action,  however,  is  not 
uniform  and  the  drug  may  cause  a  variety  of  bad 
effects  no  matter  how  small  the  dose;  instead  of  be- 
coming drowsy  the  patient  may  not  be  affected  at  all, 
nr  he^may  become  excited  and  insist  upon  walking 
around  and  the  redness  of  face,  thirst,  and  dry  mouth 
rnav  become  extreme.  There  may  be  difficulty  m  swal- 
Inwme  slowed,  irregular,  stertorous  breathing,  melano- 
^\1  hvperacusis,  dizziness,  hyperemesis,  dehrium,  hal- 
hicinations,  and  death  from  cardiac  or  respiratory 
failure. 

Vol.  VIII.— 23 


General  Ancesthetic. — A  large  quantity  may  be  given 
in  divided  doses  over  a  period  from  one  to  three  hours 
before  operation,  or  a  single  large  dose  may  be  given. 
In  the  latter  case  0.0008  gram  scopolamine  with  0.02 
gram  of  morphine  is  given  one  hour  before  operation, 
and  if  fifteen  minutes  before  the  scheduled  time  the 
narcosis  is  not  deep  enough  an  additional  dose  of  0.0002 
gram  scopolamine  and  0.005  gram  morphine  is  given 
hypodermatically.  If  given  in  divided  doses  a  solution 
of  scopolamine  0.001,  morphine  0.025,  water  10.0  is 
divided  into  three  parts  and  a  dose  given  two  and  one- 
half,  one  and  one-half,  and  one-half  hour  before  opera- 
tion. 

The  mixture  is  supposed  to  cause  general  anaesthesia, 
but  its  efficacy  in  this  respect  is  denied  by  some.  Thus 
Dirk  found  in  260  cases  only  29  which  required  no  other 
anaesthesia;  Israel  reports  332  cases,  of  which  only  32 
required  no  other  anaesthesia ;  of  Zaradnicky's  232  cases 
only  100  required  no  other  anaesthesia,  and  Stolz,  in 
465  cases  had  only  156  which  required  no  other  anes- 
thesia. Bios  reported  100  cases  with  a  mortality  of 
one  per  cent.,  much  higher  than  that  of  chloroform  or 
ether.  This  high  mortality,  the  liability  to  disagree- 
able or  dangerous  after-effects  or  complications,  and 
the  uncertainty  in  anaesthetic  effects  render  the  em- 
ployment of  this  method  inadvisable  in  the  production 
of  general  anaesthesia. 

As  an  Aid  to  Other  Anaesthetics. — To  accomplish  this 
0.0005  scopolamine  and  0.01  morphine  are  given  one- 
half  to  one  hour  before  operation.  When  this  is  done 
the  patients  take  the  ether  or  chloroform  more  quietly, 
there  is  rarely  any  vomiting  during  anesthesia  (this  is 
also  true  when  chloroform  or  ether  is  used  alone) ; 
they  come  out  of  the  anesthetic  mthout  excitement ; 
post-operative  vomiting  is  absent  or  rare,  there  is  less 
salivation,  less  liability  to  bronchitis  and  pneumonia. 
Only  half  as  much  chloroform  or  ether  is  used  as  ordi- 
narily. Seehg  and  others  have  reported  good  results 
with  this  method,  but  others  have  noted  bad  after- 
effects, including  death.  Furthermore,  scopolamine  usu- 
ally causes  a  dilatation  of  the  pupil  so  that  the  latter 
can  no  longer  be  used  as  a  guide  in  the  subsequent  em- 
ployment of  chloroform  or  ether. 

In  Obstetrics. — Here  the  method  finds  its  most  ex- 
tensive use.  The  questions  that  arise  are :  when  should 
it  be  given  and  how  deep  a  narcosis  should  be  pro- 
duced? Most  obstetricians  agree  that  if  it  is  given  at 
all  it  should  be  given  only  in  normal  cases  at  a  time 
when  pains  are  good  and  regular  (every  five  minutes) 
and  when  labor  could  be  completed  immediately  with- 
out much  danger  to  mother  or  child,  i.e.,  when  the  cer- 
vix is  thinned  out  and  dilated  so  as  to  admit  at  least 
three  fingers.  Some  obstetricians  desire  only  to  pro- 
duce sleep  between  contractions,  when  the  latter  will 
still  cause  some  pain,  while  others  give  enough  of  the 
mixture  to  cause  amnesia,  during  which  contractions 
continue  but  are  practically  painless.  The  usual  initial 
dose  is  0.00045  gram  scopolamine  with  0.01  morphine; 
further  doses  of  0.00015  scopolamine  without  morphine 
being  given  at  intervals  of  one  to  two  hours  until  the 
desired  effect  is  obtained.  During  this  time  the  foetal 
heart  must  be  carefully  watched,  the  drug  being  con- 
tra-indicated if  the  pains  are  poor  or  the  patient  has 
fever. 

The  object  of  the  drug  is  to  make  labor  painless  or 
almost  so ;  some  even  claim  that  it  shortens  labor.  An 
average  of  numerous  published  statistics  shows  the 
following : 

(  1.  Remain  strong 60 

Effect  on  contractions  \  2.  Weaker  or  less  frequent    33 

(  3.  Stopped 7 

(  1.  Pain  absent 52 

Effect  on  actual  pain-^  2.  Pain  lessened 30 

(  3.  No  effect  on  pain  ......    18 

(\.  Good  contractions  remained    74 
Effect  on  contrac-  j  2.  Contractions  slightly  less  ...    10 

tions  of  recti        |  3.  Contractions  much  less 10 

(.4.  Contractions  absent 6 
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Perfect  results  with  no  bad  after-effects  are  obtained 
only  in  25  to  35  per  cent,  of  the  cases.  Objections 
which  have  been  brought  against  the  method  are  that 
labor  is  frequently  actually  prolonged,  that  instrumen- 
tal delivery  is  necessary  in  10  to  16  per  cent,  of  the 
cases,  often  because  of  the  poor  fcetal  heart.  Eighteen 
per  cent,  of  the  children  are  apnoeic  at  birth,  3  to  5  per 
cent,  are  stillborn.  The  use  of  the  drug  predisposes  to 
post-partum  hemorrhage  and  subinvolution.  Tears  are 
more  frequent  because  the  patient  uses  her  recti  to  the 
end,  being  too  drowsy  to  respond  to  any  request  not 
to  bear  down.  Viron  and  Morel  collected  2,000  oases 
with  25  deaths;  Roith,  4,000  with  18  deaths,  11  of 
which  received  only  ^  to  1  mg.  of  scopolamine.  In 
spite  of  the  results  being  perfect  is  some  cases,  the 
above  reasons  (the  possibility  of  bad  after-effects,  and 
the  mortality)  all  speak  against  the  general  use  of  the 
drug.  Furthermore,  even  the  advocates  of  the  mixture 
admit  that  both  mother  and  foetus  require  careful  and 
constant .  attention,  which  makes  its  use  in  obstetrics 
impracticable.  C.  Frederic  Jellinghaus. 

AN/tSTHESIA,  SPINAL— Since  the  publication  of 
the  article  on  "  Sjjinal  Cocainization  and  Lumbar  Punct- 
ure," in  volume  vii.  of  this  work,  experiments  with  vari- 
ous substances  for  the  production  of  medullary  anaes- 
thesia and  the  accumulated  experience  in  all  parts  of 
the  world  have  added  materially  to  the  fund  of  knowl- 
edge relating  to  this  subject. 

In  the  early  history  of  spinal  ansesthesia,  only  co- 
caine was  used,  but  more  recently  other  drugs  repre- 
sentative of  the  sensory  nerve  depressant  class  have 
been  tried  with  greater  or  less  success.  Among  these 
are  '  tropacocaine,  eucaine,  stovaine,  novocaine,  alypin, 
nirvanin,  etc.  Cocaine  and  some  of  the  other  drugs 
enumerated  have  also  been  used  in  combination  with 
suprarenal  extract,  and  alone  preceded  by  the  hypo- 
dermic administration  of  scopolamine  and  morphine. 
Still  more  recently,  magnesium  sulphate  has  been  ad- 
vanced as  a  spinal  analgesic,  and  special  claims  have 
been  made  in  its  behalf  on  account  of  its  very  pro- 
nounced inhibitory  powers. 

Of  all  the  drugs  adapted  to  subarachnoid  injection 
tropacDcame  seems  to  be,  at  present,  the  most  satisfac- 
tory and  the  least  harmful.  It  resembles  in  action  co- 
came,  but  it  IS  much  less  toxic,  while  in  the  same  dose 
It  IS  equally  efficient.  Suprarenal  extract  in  combina- 
tion with  tropacocaine  is  approved  and  constantly  used 
by  some  operators;  but  it  is  condemned  and  rejected 
by  others,  and  is  regarded  by  some  of  them  as  worse 
than  useless.  The  preliminary  hypodermic  use  of  sco- 
polamine, grain  ■^,  and  morphine,  grain  J,  has  become 
a  routine  practice  with  many  prominent  surgeons,  who 
attach  much  importance  to  this  simple  supplementary 

Eucaine,  like  other  preparations  of  this  group  is  a 
synthetic  compound  allied  chemically  to  cocaine  Eu- 
caine, or  rather  beta-eucaine,  is  thought  to  possess  some 
advantages  over  cocaine  as  a  spinal  anajstlietic.  It  is 
somewhat  less  toxic,  the  solutions  are  more  stable  and 
boiling  does  not  impair  its  properties.  On  the  other 
hand,  the  resultant  anaesthesia  is  said  to  be  not  so  uniform 
or  so  lasting.  Stovaine,  novocaine,  alypin,  and  nirvanin 
are  similar  m  effect  and  are  closely  allied  b^th  chemically 
and  therapeutically  to  cocaine.  It  is  not  admitted  that 
these  preparations  are  superior  in  any  respect  to  tro- 
pacocam  or  to  beta-eucaine.  J        f 

thJn^  interesting  experiments  of  Dr.  S.  J.  Meltzer,  of 
the  Rockefeller  Institute  for  Medical  Research,  demon- 

whpr."lnipVfpJ"'T'''^f!''''  '®','=^'  °f  *he  magnesium  salts 
when  injected  into  the  spinal  canal,  have  attracted  gen- 
eral and  profound  interest.  It  has  been  conclusilely 
shovn  that  common  Lpsom  salt,  when  so  used,  is  capa- 
nrfo-ll/  ""'"^  complete  insensibility  to  pain,  and  the 
nnH^nlf?  ''''?K^"*l''P,™  ™nkeys  have  been  verified 
and  confirmed  by  actual  tests  upon  human  subjects. 
I„mW  1'^''^  IS  Identical   with  that   employed   in 

lumbar  puncture.     An  amount  of  spinal  fluiS  is  wit h- 
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drawn  equal  in  bulk  to  the  solution  to  be  injected.  A 
twenty-five-per-cent.  thoroughly  sterile  aqueous  solu- 
tion of  a  chemically  pure  salt  is  used.  The  dose  usu- 
ally recommended  is  about  one-third  to  one-half  grairL 
for  every  two  pounds  of  body  weight.  Limited  anaes- 
thesia ensues  in  about  forty-five  minutes,  and  deep  gen- 
eral anaesthesia,  with  paralysis  of  the  legs  and  abolition 
of  the  tendon  reflexes,  follows  after  three  or  four  hours. 
This  state  may  continue  for  several  hours  and,  although 
analgesia  may  be  complete,  the  tactile  sense  some- 
times remains  and  the  vital  reflexes  are  not  appreciably 
affected.  Under  its  influence  abdominal  and  pelvic 
operations  and  various  operations  upon  the  lower  ex- 
tremities have  been  successfully  performed ;  it  is,  more- 
over, stated  that  with  a  sufficient  dose  operations  upon^ 
any  part  of  the  body  may  be  rendered  painless.  So  far 
the  results  of  the  subdural  injection  of  the  magnesium. 
salts  have  not  been  uniform,  but,  on  the  contrary,  have 
proved  extremely  variable  and  uncertain. 

The  after-effects  in  some  cases  have  been  severe,  pro- 
tracted, and  really  alarming.  Among  these  are  head- 
ache, fever,  nausea,  vomiting,  mental  confusion,  inco- 
herence, coma,  paresis,  incontinence  of  faeces,  retention 
of  urine,  and  retarded  respiration.  It  is  claimed  that 
the  graver  symptoms  may  be  modified  and  their  dura- 
tion abridged  by  again  puncturing  the  membranes, 
after  the  operation  is  concluded,  withdrawing  a  small 
quantity  of  the  spinal  fluid  and  then  irrigating  the  canal 
by  injecting,  several  times  in  succession,  normal  salt  so- 
lution, finally  leaving  a  small  portion  of  the  solution  in  • 
the  canal. 

It  has  been  found  that  severe  tetanic  convulsions 
with  opisthotonos,  artificially  produced  in  monkeys  by 
the  tetanus  toxin,  may  be  entirely  relieved  for  many 
hours  by  the  intraspinal  injection  of  magnesium 
sulphate,  and,  in  view  of  the  uniform  effect  upon  th& 
voluntary  muscles — the  prolonged  paralysis — which  fol- 
lows the  injection  of  the  salt,  this  treatment  was  sug- 
gested as  available  and  has  been  employed  in  tetanus. 
Following  this  suggestion,  several  cases  of  tetanus  have: 
been  reported  in  which  repeated  injections  were  used 
with  apparently  good  results  and  followed  by  ultimate 
recovery,  even  after  the  seeming  failure  of  the  antite- 
tanic  serum.  A  number  of  cases  have  also  been  re- 
corded in  which  the  injection  of  the  magnesium  salt 
was  fairly  tried  without  permanent  benefit.  At  best, 
this  treatment  can  be  regarded  as  only  symptomatic  and 
its  application  is  probably  very  limited.  Prior  to  the 
use  of  magnesium  sulphate,  however,  spinal  anaesthesia, 
by  means  of  beta-eucaine  and  morphine  had  been  suc- 
cessfully employed  in  the  treatment  of  tetanus 

The  whole  question  of  spinal  anaesthesia,  notwith- 
standing the  confident  assertions  of  some  enthusiasts, 
must  be  considered  as  yet  in  the  experimental  stage, 
and  the  practice  cannot,  therefore,  be  recommended  for 
general  use  or  indorsed  as  a  trustworthy  surgical  re- 
source. It  IS  by  no  means  so  innocent  a  measure  as 
,'^^rnTIiff^'}  advocates  sometimes  assume,  and  the 
tin^T^,=l/fl,*  '^"''''J  *^^*'  °°  "tatter  what  prepara- 
ed  w  th  nn^'i*!  P™«?dure  as  now  practised  is  attend- 
ed with  consideral3le  immediate  and,  possibly,  with  no- 

James  B.  Baird. 


little  remote  danger. 


ANAPHYLAXIS  {ava,  against,  and  ^Unf,  guard  or 
^^af'f,  protection),  also  called  hypersu^ceSitv 
supersensitiveness,  is  a  condition  of  unusull  or  exa^l 

condition  toTiv,"rP-^^'?^''  '"K^^^t^  the  contrary 
qu"red  ?t  h  Zo^^ '''"' '/*  "^X,  ^e  congenital  or  ac- 
quirea ,  it  is  specific  in  nature.     The  condition  of  Ana 

anf  sirare^'ro^'T^'^*  ^b?"*  by  the"  infroductioli":? 
Wlfty    opfoteh^s  t^l'"*°   ^^"^   ^^^-     Hypersuscepti- 
mav  readflv  he TnH       /-^  non-poisonous  in  themselves 
An  animnl  '^  k''^'?  "  "^'■t'^™  animals. 
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term  Immunity  be  limited  to  indicate  the  condition  of 
complete  resistance  in  which  no  clinical  reaction  occurs, 
when  poisons  (such  as  diphtheria,  tetanus,  etc.),  are 
introduced  into  the  organism.  He  suggests  the  term 
'_'  Allergie  "  to  indicate  those  conditions  of  acquired 
immunity  associated  with  anaphylaxis,  such  as  that 
induced  by  vaccinia  against  variola,  that  of  the  luetic 
against  syphilis,  of  that  produced  by  one  attack  of 
some  of  the  acute  specific  infections.  This  condition  of 
allergie  manifests  itself  in  the  renewal  of  the  infection  in 
an  entirely  different  manner  from  the  reaction  to  the 
primary  infection. 

The  tuberculin  and  mallein  reactions  are  well-known 
instances  of  anaphylaxis.  These  substances  are  not 
poisonous  when  introduced  into  a  healthy  individual, 
but  the  tuberculous  individual  is  anaphylactic  to  tuber- 
cuhn,  and  an  individual  suffering  witn  glanders  is  in  a 
state  of  hypersusceptibility  to  mallein. 

The  best  studied  instance  of  anaphylaxis  is  that  pro- 
duced in  the  guinea-pig  by  the  injection  of  a  foreign 
protein,  for  example,  horse  serum,  egg  white,  milk,  etc. 
Especial  study  has  been  made  of  the  anaphylactic  ac- 
tion of  the  blood  serum  of  the  horse,  because  that  serum 
is  so  much  used  in  serumtherapy. 

It  has  long  been  known  that  the  blood  of  certain  ani- 
mals is  poisonous  when  transfused  or  injected  into  cer- 
tain other  species.  Many  instances  might  be  cited 
showing  that  the  blood  serum  of  one  animal  has  poison- 
ous properties  when  injected  into  an  animal  of  another 
species.  But  the  blood  serum  of  the  horse  apparently 
lacks  such  poisonous  action.  Very  large  quantities  of 
the  blood  serum  of  the  horse  may  be  injected  into  man, 
rabbits,  guinea-pigs,  and  many  other  animals  without 
serious  inconvenience,  except  occasionally  a  slight  re- 
action at  the  site  of  inoculation. 

In  a  certain  proportion  of  cases  the  injection  of  horse 
serum  into  man  is  followed  by  urticarial  eruptions,  joint 
pains,  fever,  swelling  of  the  lymph  nodes,  oedema,  and 
albuminuria.  This  reaction,  which  appears  after  an 
intubation  period  of  eight  to  thirteen  days,  has  been 
termed  by.Pirquet  and  Schick  the  "serum  disease." 
In  exceptional  instances  sudden  death  has  followed  an 
injection  of  horse  serum  in  man. 

Ova  studies  were  taken  up  in  October,  1905,  in  order  to 
throw  light  upon  the  cause  of  this  unfortunate  accident. 
We  have  shown  that  ordinarily  horse  serum  is  a  com- 
paratively bland  and  harmless  substance  when  injected 
mto  certain  animals;  but  these  animals  may  be  ren- 
dered so  susceptible  that  an  injection  of  horse  serum 
may  produce  sudden  death  or  severe  symptoms.  For 
example,  large  quantities  of  horse  serum  may  be  in- 
jected subcutaneously  or  into  the  peritoneal  cavity  of 
a  guinea-pig  without  apparently  causing  the  animal  the 
least  inconvenience.  However,  if  a  guinea-pig  is  in- 
jected with  a  small  quantity,  say  ^h;  c.c,  of  horse 
serum,  and  after  the  expiration  of  a  certain  interval  is 
again  injected  with  horse  serum,  the  result  will  prob- 
ably be  fatal.  The  first  injection  of  horse  serum  has 
sensitized  the  animal  in  such  a  way  as  to  render  it  very 
susceptible  to  a  toxic  principle  in  horse  serum. 

A  certain  time  is  necessary  to  elapse  between  the 
first  and  second  injections  of  horse  serum  before  this 
toxic  action  is  able  to  manifest  itself.  This  "  period  of 
incubation  "  is  from  ten  to  twelve  days,  and  corre- 
sponds suggestively  with  the  period  of  incubation  of 
the  serum  disease  which  Pirquet  and  Schick  place  at 
eight  to  thirteen  days.  Guinea-pigs  may  be  sensitized 
with  Exceedingly  small  quantities  of  horse  serum.  In 
most  of  our  work  we  used  quantities  less  than  tj^tt  c-o- 
and  we  found  in  one  instance  that  T.TnrJ.innr  c.c.  of  horse 
serum  was  sufficient  to  render  a  guinea-pig  susceptible. 

It  also  requires  very  small  quantities  of  horse  serum, 
when  given  in  a  second  injection,  to  produce  poisonous 
symptoms.  One-tenth  c.c.  injected  into  the  peritoneal 
cavity  is  sufficient  to  cause  the  death  of  a  half-grown 
guinea-pig.  One-tenth  c.c.  of  horse  serum  injected 
subcutaneously  is  sufficient  to  produce  serious  symp- 
toms.    The  fact  that  this  toxic  action  may    be  de- 


veloped by  such  small  quantities  of  serum,  and  the  fact 
that  exceedingly  small  quantities  are  sufficient  to  sensi- 
tize the  animal,  a  priori,  place  both  the  sensitizing  and 
the  toxic  principle  in  the  horse  serum  in  the  "  haptin 
group  "  of  substances  in  the  sense  used  by  Ehrlich. 

A  still  further  indication  that  the  side-chain  theory 
in  its  broadest  sense  may  be  applicable  is  the  further 
fact  that  immunity  may  be  produced  against  the  toxic 
action  by  multiple  injections  of  the  serum. 

While  at  first  we  thought  that  diphtheria  antitoxin 
had  some  relation  to  this  action,  we  are  now  able  to 
state  positively  that  it  has  nothing  whatever  to  do  with 
the  poisonous  action  of  horse  serum ;  further,  that  diph- 
theria antitoxin  in  itself  is  absolutely  harmless.  The 
toxic  action  which  we  have  studied  is  caused  by  a  prin- 
ciple in  normal  horse  serum  and  is  entirely  independent 
of  the  antitoxic  properties  of  the  serum. 

Historical. — The  fact  that  guinea-pigs  which  had 
been  used  for  the  testing  of  diphtheria  antitoxin  fre- 
quently died  when  later  given  an  injection  of  serum 
has  been  known  almost  since  the  discovery  of  diph- 
theria antitoxin,  but  no  one  seems  to  have  noticed  any 
connection  between  the  two  injections  until  1905. 
Most  of  the  workers  with  serum  regarded  it  as  an  acci- 
dent pure  and  simple  or  that  the  animal's  vital  resist- 
ance had  been  lowered  by  the  first  treatment;  some 
even  thought  that  it  was  the  effect  of  cold,  as  the  se- 
rums were  usually  kept  in  the  ice  chest  and  were  in- 
jected at  once  after  removing  from  the  ice  box.  Theo- 
bald Smith,  however,  evidently  had  the  problem  in 
mind,  as  he  spoke  to  Ehrlich  about  it  when  the  latter 
was  in  this  country  in  1904,  and  the  result  was  Otto's 
work.  When  we  first  encountered  the  phenomenon  it 
at  once  occurred  to  us  that  there  might  be  some  relation 
between  it  and  sudden  death  after  the  injection  of  anti- 
toxin in  man  and  our  work  was  begun  in  the  hope  of 
throwing  light  on  this  unfortunate  accident.  The  re^ 
suits  of  our  work  on  this  most  interesting  subject  have 
been  published  in  a  number  of  papers'  since  April, 
1906.  We  foresaw  early  that  the  phenomenon  very 
probably  had  a  close  relation  to  immunity,  and  our  re- 
cent work  with  proteids  obtained  from  the  bacterial 
cells  have  shown  this  to  be  true.  We  have  been  able 
to  produce  anaphylaxis  in  guinea-pigs  with  bacterial 
extracts  and  have  found  that  these  animals  possessed  an 
immunity  to  the  corresponding  infections. 

Early  in  the  last  century  (1839)  Magendie^  found 
that  rabbits  which  had  tolerated  two  intravenous  in- 
jections of  egg  albumin  without  any  ill  effects  immedi- 
ately succumbed  to  a  further  injection  made  after  a 
number  of  days.  Later,  workers  with  precipitins  fre- 
quently found  that  some  of  their  animals  died  suddenly 
during  the  course  of  treatment  from  no  apparent  cause, 
while  what  really  happened  was  they  were  in  a  state  of 
anaphylaxis  to  the  foreign  proteid.  Other  analogous 
instances  may  be  found  scattered  throughout  the  litera- 
ture. 

Knorr^  (1895)  found  that  guinea-pigs  develop  an  in- 
creasing sensitiveness  to  tetanus  toxin. 

Hericourt  and  Richet*  (1898),  in  studying  the  effects 
of  eel  serum  on  dogs,  found  that  they  were  not  able  to 
immunize  them  against  the  serum,  but  that  on  the  con- 
trary there  was  an  increasing  sensibility  to  the  serum, 
so  that  finally  the  dogs  died. 

Behring  and  Kitashima^  (1901),  repeating  some  of 
Knorr's  work,  also  found  an  increasing  sensitiveness  to 
tetanus  toxin  on  the  part  of  guinea-pigs. 

Portier  and  Richet"  (1902)  found  that  if  dogs  were 
given  a  very  small  dose  of  a  glycerin  extract  from  the 
tentacles  of  actinia,  and  then  in  fifteen  or  twenty  days 
given  a  second  small  dose,  the  animals  quickly  suc- 
cumbed. The  dose  given  was  so  small  as  to  cause  no 
symptoms  in  a  normal  animal.  They  appear  to  be  the 
first  to  use  the  word  "  anaphylaxis  "  to  indicate  hy- 
persensitiveness  to  a  poison. 

Arthus'  (1903)  studied  the  effect  of  repeated  injec- 
tions of  horse  serum  on  rabbits  and  found  that  if  the 
rabbit  be  given  repeated  injections  of  horse  serum  at 
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some  days'  interval  it  caused,  even  in  small  doses,  re- 
sults which,  according  to  the  number  of  the  previous 
injections  and  methods  of  injection,  were  local  or  gen- 
eral, benign  or  grave. 

Richet*  (1904-05),  in  studying  two  poisons  (oongestin 
and  thalassin)  extracted  from  actinia,  found  that  if  a 
very  small  dose  of  them,  which  caused  practically  no 
symptoms  in  a  dog,  was  followed  after  twenty-two  days 
by  another  small  dose,  the  animal  became  very  sick  or 
quickly  died. 

Pirquet  and  Schick  ^  in  1905,  in  a  monograph  upon 
the  "serum  disease,"  described  in  detail  this  syndrome 
which  sometimes  follows  injections  of  horse  serum  in 
man.  They  show  that  the  symptoms  of  this  "dis- 
ease," when  caused  by  a  second  injection,  may  either 
appear  at  once  (the  "immediate"  reaction)  or  after 
a  shortened  period  of  incubation  (the  "accelerated  re- 
action"). 

Pirquet  and  Schick  draw  original  and  far-reaching 
conclusions  showing  the  relation  of  these  clinical  ob- 
servations to  hypersusceptibility,  and  the  importance 
of  these  facts  in  general  pathology.  They  draw  atten- 
tion to  the  analogy  to  the  tubercuhn  reaction  as  a  well- 
known  instance  of  hypersusceptibihty.  Pirquet  and 
Schick  believe  that  the  serum  reactions  give  a  possible 
explanation  of  the  period  of  incubation  of  infectious 
diseases,  and  finally  conclude  that  the  immunity  caused 
by  vaccinia  and  a  group  of  infections  is  due  to  the  power 
of  "  immediate  "  reaction  acquired  by  the  organism. 

During  Ehrlich's  visit  to  this  country  in  1904  Theo- 
bald Smith  told  him  that  guinea-pigs  which  had  been 
used  in  testing  the  potency  of  diphtheria  antitoxin  be- 
come acutely  sick  or  die  if  injected  subcutaneously 
several  weeks  later  with  several  cubic  centimetres  of 
normal  horse  serum.  Ehriich  gave  the  problem  to 
Otto,  who  worked  out  many  of  the  essential  features  of 
the  phenomenon.  This  article,  published  late  in  1905,i» 
came  to  our  attention  while  we  were  correcting  the  page 
proofs  of  our  first  article  upon  the  same  subject.  It 
seems  that  the  work  was  done  about  the  same  time,  but 
Otto's  paper  appeared  first.  Otto  showed  what  is  now 
well  known  to  be  the  result  of  a  second  injection  of 
horse  serum  into  guinea-pigs.  He  demonstrated  that 
the  diphtheria  poisons  play  no  part  in  the  phenomenon. 
However,  he  found  that  guinea-pigs  first  treated  with 
mixtiu-es  of  diphtheria  toxin  and  serum  are  more  sus- 
septible  than  those  treated  with  serum  alone.  Otto 
showed  ftirther  that  immunity  to  the  poisonous  action 
of  the  serum  may  be  acquired  by  repeated  injections  of 
large  amounts  of  serum  at  short  intervals.  He  demon- 
strated that  this  hypersusceptibilitv  bears  no  relation 
to  the  specific  precipitins.  Finally"  Otto  discusses  the 
relation  of  the  Theobald  Smith  phenomenon  to  the 
cases  of  remjection  in  man,  and  cites  instances  of  alarm- 
ing symptoms  following  the  second  injection  of  anti- 
toxic horse  serum. 

Many  phases  of  the  subject  were  studied  by  Rosenau 
and  Anderson"  late  in  1905  and  early  in  1906  They 
studied  particularly  serum-anaphylaxis  in  the  guinea- 
pig.  They  showed  that  a  single  injection  of  horse 
serum  was  Imrmless  to  a  normal  guinea-pig,  but  that  a 
second  injection  after  a  definite  interval  was  usually 
,ti^  ;  ,  !  P^"^u  °^  .""cubation"  was  found  to  be 
h^w  I  w^'-  ^^^  Po«o?ous  property  was  shown  to 
have  absolutely  no  connection  with  the  antitoxic  prop- 
erty of  the  serum  or  with  the  diphtheria  toxins. 

1  he  poisonous  principle  in  serum  was  found  to  be 
quantitatively  specific;  death  occurring  at  the  second 
mjection  with  the  homologous  serum  ^only  and  never 
with  the  heterologous.  Hemolysis  and  precipUin  for- 
mation were  excluded  as  factors.  The  poisonius  nron 
erty  was  unaffected  by  various  chemiLrphysTcal   and 

s'Sw'^d""'""!  '"'  ""'  ^?-  G-n-  P^g«"  ay  be 
mpfnio  ■(■■-<■  T.OTit.injTr  c.c.  of  serum  and  then  re- 
main sensitive  for  a  very  long  time.     They  were  able  to 

C:t.lrir'Tl^   u'  f!f|"g  th«-   h^orle'mea't'or 
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injection  of  serum;  this  being  the  first  instance  of  the 
experimental  demonstration  of  the  hereditary  trans- 
mission of  a  hypersusceptibility  to  a  disease. 

Anderson ''  found  that  female  guinea-pigs  could  trans- 
mit to  the  same  offspring  hypersusceptibihty  to  horse 
serum  and  immunity  to  diphtheria  toxin.  This  fact  is 
of  great  importance  in  testing  antitoxic  sera  and  neces- 
sitates care  in  the  selection  of  breeders  for  guinea-pigs 
to  be  used  in  serum  work. 

McChntock  and  King "  (1906)  gave  ten  guinea-pigs 
from  ^ij7  to  1  c.c.  of  horse  serum  by  the  stomach,  and 
thirteen  days  later  6  c.c.  of  serum,  either  subcutane- 
ously or  intraperitoneally,  without  causing  symptoms 
in  any  of  them.  They  conclude  that  the  sensitizing 
action  of  horse  serum  given  by  the  mouth  is  not  nearly 
so  great  as  when  given  subcutaneously  or  intraperitone- 
ally. This  is  in  confirmation  of  our  reported  experi- 
ments. 

Currie"  (1907)  has  studied  the  effect  of  repeated  in- 
jections of  horse  serum  in  persons  admitted  for  treat- 
inent  in  the  city  of  Glasgow  Fever  and  Smallpox  Hos- 
pital at  Belvidere.  He  concludes  that  it  is  apparent 
from  the  facts  detailed  by  him  that  repeated  injections 
of  horse  serum  induce  symptoms  of  supersensitization 
in  man,  but  it  is  also  apparent  that  the  same  facts  lend 
no  countenance  to  the  suggestion  that  the  death  of  per- 
sons suffering  from  diphtheria  is  to  be  apprehended  as  the 
result  of  repeated  injections  of  antidiphtheritic  serum. 

Besredka  and  Steinhardt's  (1907)  studied  with  much 
care  certain  features  of  hypersusceptibility  to  horse 
serum  in  guinea-pigs;  they  note  that  the  French  se- 
rums are  much  less  toxic  than  those  used  by  Otto  in 
Frankfort  and  the  serums  used  by  us.  Besredka  and 
Steinhardt  had  a  mortality  of  about  25  per  cent.,  when 
5  c.c.  of  serum  was  given  intraperitoneally  at  the  sec- 
ond injection,  whereas  death  was  the  rule  in  our  experi- 
ments under  similar  conditions.  Most  of  their  work 
was  done  with  doses  of  0.05  to  0.25  c.c.  given  directly 
into  the  brain,  which  either  killed  or  caused  grave 
symptoms  in  susceptible  guinea-pigs.  Besredka  and 
Steinhardt  lay  stress  upon  the  production  of  "anti- 
anaphylaxis,"  which  we  termed  "immunity."  They 
found  that  a  single  injection  of  serum  given  into  the 
peritoneum  of  a  sensitized  guinea-pig  conferred  immu- 
nity to  asubsequent  injection  of  0.25  c.c.  into  the  brain; 
in  one  case  the  anti-anaphylaxis  was  present  one  and  a 
half  hours  after  the  injection  into  the  abdominal  cavity. 
They  were  unable  to  demonstrate  any  protective  prop- 
erties in  various  organs  of  immune  guinea-pigs,  con- 
firming our  work  along  the  same  hues. 

NicoUeis  (1907)  found  that  guinea-pigs  were  not  sus- 
ceptible to  the  necrotic  action  induced  by  repeated  in- 
jections of  horse  serum,  as  is  the  case  in  rabbits ;  this 
corresponds  with  our  observations.  He  also  found  that 
daily  injections  or  "spaced"  injections,  after  the 
method  of  Arthus,  did  not  induce  a  high  degree  of  hy- 
persusceptibihty in  guinea-pigs. 

Besredka  "  (1907)  questions  whether  we  should  not 
consider  this  toxic  property  of  horse  serum,  as  well  as 
Its  antitoxic  power.  He  suggests  that  a  serum,  0.05 
c.c.  of  which  when  given  into  the  brain  will  kill  or  cause 
grave^  syrnptoms  in  a  sensitive  guinea-pig,  should  be 
considered  as  above  the  average  toxicity  and  ought  to 
be  excluded  from  use  in  man. 

Rosenau  and  Anderson  's  (1907)  in  a  further  contri- 
bution to  the  subject  studied  particularly  the  relation 
ot  anaphylaxis  to  immunity.  In  addition  to  confirm- 
ing and  extending  their  work  on  the  specific  nature  of 
the  phenomenon,  they  made  observations  on  the  rela- 
tion of  various  physical  influences  and  chemical  sub- 
stances on  the  reaction.  They  brought  out  the  im- 
portant fact  that  proteids  extracted  from  the  bacterial 
cells  and  injected  mto  guinea-pigs  produced  on  the 
second  injection  the  same  train  of  symptoms  as  in  the 
case  of  serum-anaphylaxis.  It  was  found  that  in  cer- 
tain instances  the  hypersusceptibility  produced  by  those 
bacterial  extracts  left  the  annual  immune  to  the  corre- 
sponding infection. 
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Vaughan  "  (1906)  advanced  the  theory  that  the  first 
injection  of  the  strange  proteid  is  broken  up  into  com- 
ponents, one  of  which  is  toxic,  but  that  the  animal  is 
not  poisoned  because  this  brealting  up  takes  place 
slowly.  The  cells,  however,  learn  from  this  lesson  how 
to  break  up  the  complex  molecule-,  so  that  when  more 
of  the  strange  proteid  is  introduced  at  the  second  in- 
jection it  is  violently  rent  asunder,  quickly  liberating 
large  quantities  of  the  toxic  principle  of  the  complex 
molecule. 

Vaughan  and  Wheeler*"  (1907)  have  elaborated  this 
explanation  by  further  studies  upon  egg  white  and  bac- 
terial proteids  split  into  poisonous  and  non-poisonous 
portions.  These  authors  believe  that  when  egg  white, 
or  the  non-poisonous  portion  of  egg  white,  is  injected 
into  a  fresh  animal  certain  cells  of  the  body  are  so  in- 
fluenced that  they  elaborate  a  new  ferment,  which,  in 
the  form  of  zymogen,  remains  in  the  cell  until  activated 
by  the  secojid  injection,  when  it  is  set  free  and  splits  up 
the  egg  white  in  a  manner  similar  to  that  used  by 
Vaughan  in  the  laboratory.  Vaughan  and  Wheeler  be- 
lieve that  the  effect  induced  in  the  animal  is  the  same 
as  that  caused  by  the  poisonous  portions  of  egg  white 
as  they  have  split  it  up  in  the  retort. 

Gay  and  Southard  ^^  (1907)  found  in  guinea-pigs  dy- 
ing from  a  second  injection  of  serum,  and  in  those  which 
had  severe  symptoms  and  were  later  chloroformed, 
what  they  considered  characteristic  lesions.  Consid- 
erable hemorrhages,  rather  definitely  locaUzed,  are  the 
characteristic  gross  lesion.  The  hemorrhages  may  be 
in  one  or  several  organs ;  gastric  hemorrhages  being 
especially  frequent.  Microscopically,  there  are  in  ad- 
dition to  the  naked-eye  hemorrhages  minute  interstitial 
and  oozing  hemorrhages.  They  also  claimed  to  have 
found  fatty  changes  in  voluntary-muscle  fibres,  heart- 
muscle  fibres,  and  in  nerve  fibres. 

Their  explanation  of  serum  anaphylaxis  in  the  guinea- 
pig  is  as  follows :  There  is  a  substance  in  horse  serum 
{anaphylactin)  which  is  not  absorbed  by  the  guinea- 
pig  tissue,  is  not  neutrahzed,  and  is  eliminated  with 
great  slowness  from  the  body.  When  a  guinea-pig  is 
injected  with  a  small  amount  of  horse  serum  the  greater 
part  of  its  elements  are  quickly  got  rid  of;  the  ana- 
phylactin remains  and  acts  as  a  constant  irritant  to  the 
body  cells,  so  that  their  avidity  for  the  other  elements 
of  horse  serum  is  greatly  increased.  At  the  end  of  two 
weeks  of  constant  stimulation  by  the  anaphylactin  a 
condition  is  arrived  at  where,  if  the  cells  are  suddenly 
presented  with  a  large  amount  of  horse  serum,  they  are 
overwhelmed  in  the  exercise  of  their  increased  assimi- 
lating functions,  and  functional  equilibrium  is  so  dis- 
turbed that  local  or  general  death  may  occur. 

Besredka  and  Steinhardt  22  (1907)  found  that  guinea- 
pigs  could  be  put  in  a  state  of  anti-anaphylaxis  by  the 
injection  of  horse  serum  into  the  brain  as  well  as  into 
the  peritoneal  cavity.  They  consider  it  a  phenomenon 
of  the  same  order  as  the  disintoxication  in  vitro  of  the 
tetanized  brain  by  antitetanic  serum.  They  found  that 
guinea-pigs  could  not  be  sensitized  by  intracerebral 
injection. 

They  think  that  their  results  seem  to  indicate  that 
the  phenomena  of  anaphylaxis  and  anti-anaphylaxis 
are  similar  to  the  precipitating  and  absorbing  actions 
which  govern  the  relation  of  colloids  among  themselves. 

Besredka  23  (1907)  confirms  our  published  work  that 
the  toxicity  of  horse  serum  is  destroyed  by  heating  to 
100°  C. ;  he  also  states  that  it  is  markedly  attenuated 
by  varying  degrees  of  temperature  down  to  55°  to  50°  C. 
He  found  that  injection  of  calcium  chloride  the  day  be- 
fore prevented  the  appearance  of  anaphylactic  symptoms. 

In  a  second  paper,  Otto,^*  in  1907,  showed  that  ani- 
mals may  be  sensitized  by  injecting  them  with  the 
serum  of  sensitized  animals.  He  believes  that  the  first 
injection  results  in  a  weakening  or  disappearance  of  the 
portion  ("  rests  ")  of  the  antigens  which  are  in  the  body, 
and  thus  an  apparent  "  hypersusceptibility "  results. 
The  duration  of  this  hypersusceptibility  depends  upon 
the  amount  of  serum  injected  the  first  time. 


Richef  (1907)  gives' a  genei-al  review  of  the  subject 
of  anaphylaxis  and  also  some  very  interesting  work  on 
anaphylaxis  produced  by  a  substance  obtained  from 
Mytilus  edulis.  He  found  that  the  blood  of  a  dog 
sensitized  by  this  substance  when  injected  into  an  un- 
treated dog  sensitized  the  animal  to  an  injection  two 
days  later  of  the  extract. 

He  thinks  that  anaphylaxis  is  due  to  the  presence  pf 
a  toxicogenic  substance,  non-toxic  of  itself,  but  pro- 
ducing a  poison  by  reaction  with  the  second  injection  of 
the  extract.  In  support  of  this  view  he  states  that 
in  vitro  a  mixture -of  the  serum  of  a  seiisitized  dog  and 
of  the  extract  is  more  toxic  than  the  extract  alone. 

Goodall  20  gives  observations  on  ninety  patients  who 
had  received  two  injections  of  hoise  serum ;  of  these 
43.4  gave  either  an  immediate  or  accelerated  reaction. 

Besredka  "  (1907)  concludes  that  the  toxicity  of  thera- 
peutic serums  may  be  measured  by  means  of  intra- 
cerebral injections  into  sensitized  guinea-pigs.  Meas- 
ured in  this  way,  different  serums  show  a  wide  gamut 
of  toxicity,  the  fatal  dose  varying  from  J  to  tIt  ".c. 
This  toxicity  resides  in  the  serum  and  not  in  the  cel- 
lular elements.  The  serum  of  horses  living  under 
apparently  the  same  conditions  have  about  the  same 
toxicity ;  individual  variations  are  rare  and  of  little  im- 
portance. The  difference  in  the  toxicity  of  serums  ap- 
pears to  be  due,  in  the  first  place,  to  their  origin,  and,  in 
the  second  place,  to  their  age.  Serums  are  hypertoxic 
on  the  day  of  bleeding,  and  gradually  lose  their  toxicity. 
This  loss,  rapid  at  first,  becomes  gradual  after  the 
tenth  day.  AH  therapeutic  serums  should  be  consid- 
ered toxic  within  two  months  of  bleeding.  In  a  general 
way,  all  serums  that  excite  grave  anaphylactic  phe- 
nomena in  doses  of  -j^j  to  -^  c.c,  and,  a  fortiori,  above- 
this  amount,  should  be  considered  toxic.  Besredka 
finally  states  that  the  technique  of  dosage  by  the  in- 
tracerebral method  is  rapid,  simple,  and  not  expensive. 

Serum  Anaphylaxis. — Horse  serum,  either  normal  or 
antitoxic,  when  injected  into  normal  guinea-pigs,  causes 
no  symptoms.  By  "normal  "  guinea-pigs  is  meant 
animals  that  have  not  previously  received  treatment  of 
any  kind  and  were  born  of  untreated  mothers. 

As  much  as  20  c.c.  may  be  injected  into  the  peri- 
toneal cavity  of  a  guinea-pig  without  causing  any  ap- 
parent inconvenience  to  the  animal.  When  injected 
subcutaneously_  there  may  be  a  slight  local  reaction, 
which  disappears  in  a  few  hours.  Small  amounts  of 
horse  serum,  such  as  0.25  c.c,  may  be  injected  directly 
into  the  brain  without  causing  any  untoward  symp- 
toms. If,  however,  horse  serum  be  injected  into  a 
used  guinea-pig  the  result  is  almost  invariably  fatal. 
By  a  "used  "  or  "treated  "  guinea-pig  we  mean  one 
that  has  recovered  from  the  effects  of  an  inoculation  of 
the  toxin-antitoxin  mixture  nsed  in  testing  the  po- 
tency of  antitoxic  serum,  or  one  that  has  received  a 
prior  injection  of  horse  serum. 

Very  characteristic  symptoms  are  produced  by  horse 
serum,  either  normal  or  antitoxic,  when  injected  into  a 
susceptible  guinea-pig.  The  symptoms  are  apparently 
the  same  whether  the  injection  is  made  subcutaneously 
or  into  the  peritoneal  cavity,  or  whether  normal  or  anti- 
toxic horse  serum  is  used.  In  five  or  ten  minutes  after 
injection  the  pig  manifests  indications  of  respiratory  em- 
barrassment by  scratching  at  the  mouth,  coughing,  and 
sometimes  by  spasmodic,  rapid,  or  irregular  breathing; 
the  pig  becomes  restless  and  agitated.  This  stage  of 
exhilaration  is  soon  followed  by  one  of  paresis  or  com- 
plete paralysis.  The  pig  is  unable  to  stand  or,  if  it  at- 
tempts to  move,  falls  upon  its  side ;  when  taken  up  it  is 
limp.  Spasmodic,  jerky,  and  convulsive  movements  now 
supervene. 

Pigs  in  this  stage  with  complete  paralysis  may  fully 
recover,  but  usually  convulsions  appear,  and  are  almost 
invariably  a  forerunner  of  death.  Symptoms  appear 
about  ten  minutes  after  the  injection  has  been  given; 
occasionally  in  pigs  not  very  susceptible  they  are  de- 
layed thirty  to  forty-five  minutes.  Only  in  one  or  two 
instances  of  the  several  hundred  pigs  which  v/p  have 
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observed  have  the  symptoms  developed  after  one  hour. 
Pigs  developing  symptoms  as  late  as  this  are  not  very 
susceptible  and  do  not  die.  The  chain  of  symptoms  is 
exceedingly  characteristic.  The  symptoms  do  not  al- 
ways foUow  in  the  order  given.  Death  usually  occurs 
within  an  hour  and  frequently  in  less  than  thirty  minutes. 
If  the  second  injection  be  made  directly  into  the  brain 
the  symptoms  are  manifested  with  explosive  violence, 
the  animal  frequently  dying  within  two  to  three  min- 
utes. The  same  is  also  true  if  the  second  injection  be 
made  directly  into  the  heart. 

Judging  from  the  symptoms  produced  by  the  injec- 
tion of  horse  serum  into  a  susceptible  guinea-pig  we 
assumed  that  the  poison  acted  upon  the  nervous  sys- 
tem. Autopsies  done  immediately  after  the  death  of 
the  guinea-pigs  showed  invariably  that  the  heart  con- 
tinued to  beat  long  after  respiration  had  ceased.  In 
some  instances  the  heart  would  continue  to  beat  a  full 
hour  when  exposed.  This  would  seem  to  indicate  that 
we  were  dealing  with  a  poison  which  caused  death 
through  the  nervous  control  of  the  respiration. 

A  sensitive  guinea-pig  was  given  an  injection  of  se- 
rum causing  the  death  of  the  animal  in  thirty  minutes. 
Immediately  after,  death  the  phrenic  nerve  was  ex- 
posed and  stimulated  high  up,  causing  contractions  of 
the  diaphragm  both  upon  making  and  breaking  the 
galvanic  current.  The  contractions  were  also  caused 
with  the  induced  current.  The  contractions  of  the 
diaphragm  caused  by  stimulating  the  phrenic  nerve  in 
this  way  were  produced  with  a  weaker  current  than 
those  required  to  cause  similar  contractions  in  a  normal 
control  guinea-pig. 

By  a  series  of  experiments  we  were  able  definitely  to 
•establish  the  fact  that  this  toxic  property  of  serum  had 
no  relation  to  infections  with  the  B.  diphtherice,  or  to 
injections  of  the  toxin  and  toxon,  and  bore  absolutely 
no  relation  to  the  antitoxic  content  of  the  serum.  Nor- 
mal horse  serum  is  as  poisonous  to  a  sensitive  animal 
as  antitoxic  horse  serum.  An  animal  may  be  sensitized 
as  readily  with  normal  serum  and  subsequently  poi- 
soned with  normal  serum  as  with  antitoxic  serum.  This 
property  is  inherent  in  blood  serum  and  bears  no  rela- 
tion to  its  antitoxic  properties. 

We  are  of  the  opinion  that  the  substance  which  sen- 
sitizes the  guinea-pig  is  perhaps  the  same  as  that  which 
later  poisons  it.  Profound  chemical  changes,  perhaps 
in  the  central  nerve  cells,  are  probably  produced  by  the 
first  injection.  \\'e  devoted  much  time  to  the  isolation 
ot  this  sensitizing  principle,  without  success. 

It  is  unaffected  by  the  various  preservatives  used  for 
the  preservation  of  antitoxic  serum ;  by  drying  ■  by  pre- 
cipitation with  ammonium  sulphate  or  magnesium  sul- 
phate; and  by  the  admixture  with  diphtheria  or  te- 
tanus toxins.  Formaldehyde  likewise  has  no  influence 
upon  this  pnnciple.  Serum  heated  to  60°  C.  for  thirty 
minutes  is  as  potent  in  sensitizing  animals  to  a  subse- 
quent injection  as  the  unheated  serum 

The  removal  of  the  spleen  or  the  thyroid  from  the 
ammal  before  or  after  receiving  the  sensitizing  dose, 
apparently  has  no  influence  upon  the  development  of 
anaphylaxis.  ^ 

Gay  and  Southard/'  first  pointed  out  that  if  the  blood 
of  a  gumea-pig  which  has  received  a  small  sensitizing 

uTa  Tff'  ^°''^f  f ™"^  ^^  '^''awn,  the  serum  col- 
lected, and  1.5  c.e.  of  this  be  given  to  a  normal  guinea- 
pig,  the  normal  ammal  is  rendered  susceptible  to  a  sub- 

S  tk"^^''i^'°''  °i  ''"'"f  '®™°'  Siven  fifteen  days 
il^i  T'''?  shows  that  the  sensitizing  substance,  or 
^^Phy^cHn  as  It  is  called,  is  present  in  the  blood 
serum  of  a  sensitive  ammal.  It  must  be  present  in  an 
exceedingly  minute  amount,  a^  we  have  shown  that  the 
Wood  of  guinea-pigs  receiving  onlv  ^i^  c  c  of  ^spniTn 
contains  this  substance  man/ monVsla^er,  liZTt 

sensi;f;p^+^^"  'T'*''^  "J^?  ^  ''°™^1  "animal  renders  it 
sensitive  to  a  subsequent  injection  of  horse  serum. 

Rm^n'?''"P'^f  T^  ^"^  sensitized  by  either  large  or 
hTvi  «rT*'^°i'^'"™-  Amounts  L  great  as  10  c.c. 
have  sensitized  the  ammals,  while  amounts  as  minute 

368 


as  TjrB*ji!ro  C-C-  did  likewise.  The  optimum  sensitizing 
amount,  however,  appears  to  be  from  yi^  to  •nj'j,^  c.c. 
It  has  api^eared  to  us  in  our  work  that  the  animals 
are  rendered  slightly  more  sensitive  if  given  a  mixture 
of  toxin-antitoxin  used  in  testing  serum.  This  may  be 
due  to  the  fact  that  the  toxin,  which  is  not  completely 
neutralized  by  the  seriim  or  which  becomes  disasso- 
ciated, may  lower  the  resistance  of  the  animal  to  some 
extent.  Guinea-pigs  are  sensitized  if  the  injection  be 
given  subcutaneously,  intraperitoneally,  directly  into 
the  heart,  into  the  brain,  or  by  the  mouth. 

The  Toxic  Principle. — At  one  time  we  made  efforts 
to  isolate  the  active  principle  in  horse  serum  which 
causes  the  symptoms,  but  as  soon  as  we  realized  that 
this  principle  present  in  horse  serum  exerts  its  action 
in  quantities  so  minute  as  to  place  it  almost  in  the 
category  of  the  ferments,  and,  further,  when  we  con- 
cluded from  our  work  that  this  toxic  principle  is  doubt- 
less one  of  those  highly  organized  and  complex  proteid 
substances  belonging  to  the  "  haptin  "  gfoup,  we  recog- 
nized how  hopeless  it  would  be  with  present  technique 
to  isolate  this  substance.  Nevertheless,  we  devoted 
much  time  and  study  to  its  relation  to  various  chemical, 
physic_al,  and  electrical  influences.  The  practical  im- 
portance of  eliminating  or  neutralizing  this  toxic  prin- 
ciple from  horse  serum  is  at  once  evident. 

We  heated  serum  for  various  lengths  of  time  to  60°, 
70°,  80°,  90°,  and  100°  C,  and  found  that  the  toxic 
property  is  entirely  destroyed  by  heating  to  100°  C.  for 
twenty-five  minutes.  The  toxic  principle  is  not  affected 
by  various  chemicals  such  as  calcium  chloride,  sodium 
nitrate,  magnesium  sulphate,  ammonium  sulphate,  and 
formaldehyd.  It  is  not  affected  by  various  ferments, 
alkaloids,  and  similar  substances,  such  as  taka-dias- 
tase,  pancreatin,  rennin,  myrosin,  invertin,  emulsin, 
pepsin  in  acid  solution  and  in  alkaline  solution,  inglu- 
vin,  malt,  papain,  atropine,  strychnine,  morphine,  and 
caffeine.  It  is  not  affected  by  freezing  at  15°  F.,  or  by 
filtration  through  porcelain,  drying,  precipitation,  and 
dialysis,  or  exposure  to  the  x-rays. 

We  found  it  interesting  to  compare  the  toxic  effects 
upon  sensitive  animals  of  untreated  antitoxic  serum, 
and  the  precipitated  and  refined  antitoxin;  bulk  for 
bulk  we  found  them  equally  toxic.  But  as  the  same 
number  of  units  can  be  given  in  half  the  bulk  there  is 
a  manifest  advantage  in  using  the  precipitated  serum, 
as  the  rashes  and  untoward  effects  of  serum  depend  to 
some  extent  upon  the  volume  of  serum  administered. 

The  smallest  amount  of  serum  given  intraperitone- 
ally that  we  have  found  to  cause  death  is  0.1  c.c  This 
amount,  when  given  directly  into  the  heart,  is  sufficient 
to  cause  the  death  of  the  animal,  while  0.25  c.c.  given 
into  the  brain  is  ahnost  invariably  fatal.  In  most  of 
our  work,  however,  we  have  used  5  or  6  c.c.  of  serum 
intraperitoneaUy,  and  this  seems  to  be  the  favorite  dose 
ot  other  workers.  Certain  symptoms  in  guinea-pigs 
caused  by  a  second  injection  of  the  serum  suggested  to 
us  that  the  action  might  be  due  to  hemolysis  or  the 
formation  of  precipitins.  By  a  large  number  of  experi- 
ments however,  we  were  able  to  exclude  both  hemoly- 
sis and  the  formatioij  of  precipitins  as  factors.  The 
toxic  action  JDears  no  relation,  therefore,  to  hemolysis 
or  to  precipitin  formation. 

Early  in  our  work  the  question  arose  whether  the 
toxic  action  of  horse  serum  was  specific,  ^^'e  found  it 
to  be,  tor  the  various  sera,  quantitatively  specific.  That 
IS  It  a  guinea-pig  were  sensitized  with  horse  serum  and 
then  injected  with  hog  serum,  slight,  if  any,  symptoms 
would  result.  The  converse  of  this  is  also  tr^I^.^  We 
tested  some  eight  or  ten  different  sera  and  found  that 
death  never  occurred  except  when  a  homologous  serum 
7m  ^T,  ^^  the  second  injection.  If,  however,  pro- 
the  ^Hn  "Jr  °^  V^'f^^y  ''■'^^^^"t  nature  are  used, 
if  a  t?,Vn..  ^^"^  '"  ^"^solutely  specific.  For  example: 
subsem  P^fl?'^  •'  T"f't'^ed  with  horse  serum  and  then 
suits  folC^'^r-f**;!  ''''*'>  ^?S  white  or  milk  no  re- 
iniect  on  with  '^  ^u-^  '''"'?^  ^s  sensitized  at  the  first 
injection  with  egg  white  and  then  given  a  second  injec- 
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tion  of  egg  white,  the  result  is  serious  symptoms  or 
•death. 

We  have  recently  shown  =*  that  guinea-pigs  may  be 
In  a  state  of  anaphylaxis  to  three  proteid  substances  at 
"the  same  time,  and  respond  to  a  subsequent  injection  of 
«ach  of  those  substances.  Thus  guinea-pigs  may  be 
sensitized  to  horse  serum,  egg  white,  and  milk.  They 
may  be  sensitized  at  the  same  time  by  giving  the  in- 
jections of  the  substances  in  diiierent  parts  of  the  body 
or  by  mixing  the  three  and  giving  at  one  dose,  or  they 
may  be  sensitized  at  different  times  by  giving  the  sub- 
stances at  intervals  of  fourteen  days.  If  these  animals 
are  then  given,  after  an  interval  of  fourteen  days  from 
the  last  injection,  an  injection  of  any  one  of  these  three 
substances,  either  death  or  severe  symptoms  result.  If 
death  does  not  occur,  the  animal  will  react  when  tested 
on  the  next  day  with  the  second  substance.  If  the  ex- 
periment is  fortunate  he  recovers,  and  is  finally  tested 
■on  the  third  day  for  the  third  substance,  which  may  re- 
sult in  death.  The  guinea-pigs  carry  the  three  charges 
■of  the  three  proteids  at  the  same  time.  They  are  in  a 
condition  of  anaphylaxis  to  the  three  foreign  proteid 
substances.  Finally,  they  react  to  each  one  separately 
like  three  separate  diseases. 

Animals  may  have  severe  symptoms  and  appear  al- 
most moribund,  but  recover;  and  the  recovery  is  al- 
-ways  complete  in  twenty-four  hours. 

The  experiments  above  alluded  to  have  strengthened 
•our  belief  that  the  phenomenon  of  anaphylaxis  is  not 
dependent  upon  morphological  changes,  but  upon  chem- 
ical changes  induced  by  the  action  of  the  two  injections 
of  foreign  proteid. 

A  certain.time  is  necessary  to  elapse  between  the  first 
and  second  injections  of  the  foreign  proteid  before  the 
toxic  action  is  manifest.  This  "period  of  incubation  " 
is  from  ten  to  twelve  days  and  corresponds  suggestively 
with  the  period  of  incubation  of  the  serum  disease, 
-which  von  Pirquet  and  Schick  place  at  eight  to  thirteen 
■days,  and  with  the  period  of  incubation  of  some  of  the 
infectious  diseases. 

If  a  guinea-pig  be  given  an  injection  of  serum  and 
then  be  injected  any  time  before  the  eighth  day  no  ill 
Tesults  follow.  In  other  words,  the  animal  has  not  had 
time  to  enter  a  state  of  anaphylaxis  to  the  foreign  pro- 
teid. If,  however,  the  injection  be  given  after  the 
■eighth  or  tenth  day  the  animal  is  then  in  a  state  of  ana- 
phylaxis or  hypersusceptibility  to  the  foreign  proteid. 
The  shortest  interval  between  the  two  injections  in 
which  we  have  found  death  to  occur  is  twelve  days. 
The  animal,  however,  remains  susceptible  a  very  long 
time.  Tlie  longest  period  which  we  have  observed  is 
732  days  between  the  first  and  the  second  treatment. 
We  have  no  doubt,  however,  that  the  animal  remains 
susceptible  during  its  entire  life. 

Immunity  to  Anaphylaxis. — Guinea-pigs  may  be  ac- 
tively "immunized"  against  this  hypersusceptibility. 
This  may  be  done  in  several  ways.  One  way  is  to  give 
repeated  injections  for  the  first  ten  days  before  the 
animal  reaches  the  stage  of  anaphylaxis.  Another  is 
to  give  a  large  primary  inoculation  and  sublethal  doses 
frequently  repeated.  We  were  unable  to  show  that  the 
blood  serum  or  juices  of  any  organ  of  an  immunized 
guinea-pig  could  confer  immunity  upon  a  sensitized 
guinea-pig  to  subsequent  injections  of  serum.  It 
would,  therefore,  appear  that  the  "immune  body,"  if 
any  such  exists  against  the  toxic  action  of  horse  serum, 
is  not  free  in  the  blood  or  body  juices,  as  is  the  case,  for 
instance,  in  diphtheria.  . 

Feeding  Experiments. — Guinea-pigs  may  be  sensitized 
by  feeding  meat  or  serum.  IMenhuth»  found  that 
when  rabbits  are  fed  with  egg-albumin  by  means  of  a 
stomach  tube,  their  blood  after  a  while  develops  the 
power  to  precipitate  egg-albumin. 

Metalnikoff'"  reports  that  he  attained  immunization 
by  feeding  one  animal  with  the  blood  of  another.  He 
fed  horses'  blood  to  white  rats,  and  noted  that  after 
several  weeks  the  serum  of  the  rats  developed  decided 
agglutinative  and  hemolytic  properties. 


We  found  that  guinea-pigs  could  be  sensitized  by  feed- 
ing them  for  some  days  on  horse  meat  or  dried  horse 
serum  mixed  in  with  their  food.  We  did  not  use  a  stom- 
ach tube,  as  the  possibilities  of  making  slight  wounds  in 
the  esophageal  or  gastric  mucosa  would  vitiate  the  feed- 
ing experiments,  as  we  knew  from  our  previous  work 
that  very  small  quantities  could  readily  sensitize  the  ani- 
mal to  a  subsequent  injection  of  serum. 

If  the  guinea-pigs  that  had  been  fed  with  horse  meat 
or  horse  serum  were  injected  with  horse  serum  after  an 
interval  of  at  least  fourteen  days,  they  reacted  in  a  char- 
acteristic manner. 

We  also  found  that  guinea-pigs  could  be  sensitized 
to  cattle  serum  by  feeding  them  with  beef.  Cooking 
the  meat  entirely  destroyed  its  sensitizing  properties. 

The  fact  that  guinea-pigs  may  be  rendered  suscepti- 
ble by  the  feeding  of  strange  proteid  matter  opens  an 
interesting  question  as  to  whether  sensitized  guinea- 
pigs  may  also  be  poisoned  by  feeding  with  the  same 
serum.  If  man  can  be  sensitized  in  a  similar  way  by 
the  eating  of  certain  proteid  substances  it  may  throw 
light  upon  those  interesting  and  obscure  cases  in  which 
the  eating  of  fish  and  other  sea  food,  etc.,  by  certain  in- 
dividuals habitually  causes  sudden  and  sometimes  seri- 
ous symptoms. 

Hereditary  Transmission. — In  the  course  of  our  work 
we  had  the  opportunity  to  test  the  susceptibility  of  the 
young  of  susceptible  female  guinea-pigs  and  we  found 
that  hypersusceptibihty  to  the  toxic  action  of  horse 
serum  is  always  transmitted  from  the  mother  guinea- 
pig  to  her  young.  This  function  is  solely  maternal; 
the  male  takes  no  part  whatever  in  the  transmission 
of  these  acquired  properties.  Whether  this  maternal 
transmission  is  hereditary  or  congenital  cannot  be 
definitely  stated.  We  are  able  to  exclude  the  milk  as 
a  factor  in  transmitting  the  hypersusceptibility  to  the 
toxic  action  of  horse  serum  by  a  series  of  exchange  ex- 
periments. 

"F:xchange  "  experiments  consist  in  at  once  placing 
guinea-pigs  born  of  a  susceptible  mother  to  nurse  with 
an  untreated  female  and,  in  exchange,  the  young  of  the 
untreated  female  are  at  the  same  time  placed  to  nurse 
with  the  susceptible  female.  From  these  "exchange  " 
experiments  we  learn  that  the  hypersusceptibihty  is  net 
transmitted  to  the  young  in  the  milk. 

We  also  learn  from  our  experiments  that  hypersus- 
ceptibility may  be  transmitted  from  mother  to  young 
whether  the  mother  is  sensitized  before  or  after  con- 
ception. The  fact  that  this  influence  may  take  place 
after  conception  might  be  taken  to  indicate  that  the 
transmission  is  congenital  and  not  hereditary. 

These  results  upon  the  hereditary  transmission  of  the 
susceptibility  to  the  poisonous  action  of  horse  serum  in 
guinea-pigs  may  throw  light  upon  the  well-known  in- 
herited tendency  to  tuberculosis  in  children  born  of  a 
tuberculous  parent.  There  are  certain  analogies  be- 
tween the  action  of  tuberculosis  and  horse  serum.  Both 
produce  a  hypersensitiveness  and  also  a  certain  de- 
gree of  immunity.  Now  that  we  have  proved  that  this 
hypersensitiveness,  or  anaphylactic  action,  in  the  case  of 
horse  serum  may  be  transmitted  hereditarily  in  guinea- 
pigs,  may  it  not  throw  light  upon  the  fact  that  tuber- 
culosis "runs  in  families"?  While  there  are  several 
recorded  instances  demonstrating  that  immunity  to 
certain  infectious  diseases  may  be  transmitted  from  a 
mother  to  her  young,  this  is,  as  far  as  we  know,  the  first 
recorded  instance  in  which  hypersensitiveness,  or  a  tend- 
ency to  a  disease,  has  been  experimentally  shown  to 
be  hereditarily  transmitted  from  a  mother  to  her  young. 
Action  of  Horse  Serum  upon  Man  and  Other  Animals. 
— It  may  be  that  man  cannot  be  sensitized  in  the  same 
way  that  we  have  shown  is  the  case  with  guinea-pigs. 
We  made  no  human  experiments,  but  have  collected 
data  obtained  by  others  which  have  a  direct  bearing  on 
this  question.  Pirquet  and  Schick  injected  children 
with  antitoxic  horse  serum  at  intervals.  It  has  been 
customary  to  immunize  numbers  of  children,  when  ex- 
posed to  diphtheria,  with  antitoxic  horse  serum  at  in- 

359 


Anaphylaxis. 


REFERENCE  HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


tervals  of  from  three  to  four  weeks.  We  have  no  doubt 
that  there  are  many  such  instances  on  record  and,  bo 
far  as  we  know,  this  practice  has  never  caused  death. 
Repeated  injections  of  horse  serum  into  man  is  not  an 
infrequent  occurrence.  Patients  suffering  with  diph- 
theria are  often  given  injections  of  antitoxic  serum  at 
short  and  frequent  intervals.  Is  is  also  not  rare  for 
persons  to  have  several  attacks  of  diphtheria  at  long 
intervals  and  to  be  treated  each  time  with  antidiph- 
theritic  serum.  Certain  serums — for  example,  the  anti- 
tubercle  serum  of  Maragliano,  or  the  antirheumatic 
serum  of  Menzer — are  habitually  used  by  giving  injec- 
tions at  intervals  of  days  or  weeks.  In  all  of  these  cases 
of  frequent  and  repeated  injections  the  amount  which 
has  been  injected  and  the  interval  between  the  injec- 
tions must  be  taken  into  account  in  relation  to  this 
work.  Pirquet  and  Schick  in  their  work  on  "  Serum- 
disease  "  give  the  following  instances  in  which  children 
received  two  injections  of  horse  serum  at  intervals  of 
from  sixteen  to  forty-two  days  between  the  first  and 
second  injections. 

Leopold  H. — October  3d,  1902.  100  c.c.  scarlet-fever 
serum  (Moser).  Eight  days  following  this  injection 
symptoms  of  the  serum  disease  appeared  and  lasted 
several  weeks.  December  2d,  1902.  Fifty  days  after 
the  first  injection  patient  received  2d  c.c.  antidiphtheritic 
serum  under  skin  of  arm.  In  fifteen  minutes  following 
this  second  injection  stormy  symptoms  set  in.  The 
boy  began  to  cry  and  complained  of  nausea.  CEdema 
of  the  lip  set  in  and  soon  spread  over  the  whole  face. 
In  several  hours  general  urticaria. 

Heinrich  K.— Three  years  old.  June  13th,  1902.  100 
c.c.  scarlet-fever  serum.  On  the  eighth  day  following 
the  injection,  symptoms  of  the  serum  disease  appeared 
which  lasted  until  the  twenty-sixth  day.  July  7th. 
Thirty-four  days  following  the  first  injection,  1  c.c.  anti- 
diphtheric  serum  injected  into  the  left  arm.  The  same 
afternoon  urticaria  and  sweUing  of  the  lips.  The  next 
morning  the  arm  was  highly  oedematous. 

Alexandrine  K. — Nine  years  old.  May  28th,  1902. 
180  c.c.  normal  horse  serum.  Eleven  days  after  the 
injection  severe  symptoms  appeared,  which  lasted  until 
June  17th.  Sixteen  days  following  the  first  injection, 
given  1  c.c.  diphtheritic  antitoxic  serum  in  the  right  fore- 
arm. Next  morning,  the  hand  was  swollen,  very  pain- 
ful, and  smarted  to  such  an  extent  that  the  infection 
was  considered  of  an  erysipelatous  nature.  All  redness 
and  swelling  disappeared  in  a  few  days. 

Elizabeth  K. — Six  and  one-half  years  old.  May  3d 
1902.  Given  180  c.c.  scarlet-fever  serum.  May  15th' 
Zio%  ^^F  following,  sudden  rise  of  temperature  to 
39.4  C.  SweUing  of  the  lymph  nodes.  Xo  exanthem. 
Ameteen  days  after  the  first  injection  50  c.c.  scarlet- 
teyer  serum,  foUowing  which  occurred  severe  and  pain- 
ful oedema  of  the  skin  of  the  abdomen,  which  spread  to 
the  labia  and  thighs,  and  disappeared  in  about  a  week. 
T  ''^'■'5'^f^r-June  6th,  1903.  1  c.c.  antidiphtheritic  serum. 
June  16th  had  urticaria,  about  nine  days  after  the  injec- 
tion. August  2d,  eight  weeks  after  first  injection,  again 
given  5  c.c  antidiphtheritic  serum.  Shortly  following 
urticaria  and  swelling  of  the  face  o"owmg, 

Frieda  ^--June  10th,  1903.  1  c.c.  antidiphtheritic  se- 
IZ'rPnpnf  ft^^'^tfn  days  following,  the  same  injec- 
above  case  Franz  Z.,  her  brother.  On  August  2d  she 
lXT."r'"K  "•"•'^'^"'i'P^thertic  serum.^  One  hour 
later  her  face  became  red  and  swollen.  The  lids  be- 
came so  oedematous  that  she  could  not  open  her  right 
perature  %\^r'^T  T^  general  urticaria.     Tem- 

viufjt  Moderate  sweUing,  locally. 

1904  f?T^°"'"T-^"'u!u°^'^-  •  ^'■■•^t  injection  June  20th, 
sudden  iL  JV  ant'diphtheritic  serum.  Ten  days  late^ 
feverTaXd  L  "IJP^'"''*"^^  *°  3.^°  C.  and  urticaril  The 
fke  an^  r^  ■  f^^-  E™Pti°n  later  became  measle- 
the  first  i^^^"^  f ''^''''  "^^y^-  ^"^ineteen  days  after 
hour  aflrX«  °"  ^  ''■"•  ^"tidiphtheritic  serum.  One 
of  1niect?nr,  tflf  ^'^  ?T™'  urticaria.  From  the  site 
01  injection,  swelling  of  the  skin  o'f  the  abdomen.     In 
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the  afternoon  the  temperature  rose  to   39.5°   C. ;   fre- 
quent vomiting. 

Leo-poldine  K. — December  1st,  1903.  5  c.c.  horse  se- 
rum. Twenty-seven  days  following  the  first  injection, 
patient  received  1  c.c.  antidiphtheritic  serum.  One  hour 
following  this  last  injection,  definite  swelling  of  the 
right  hand,  which  later  spread  to  the  entire  arm. 

All  these  eight  cases  show  this  in  common,  that  after 
the  first  injection  of  horse  serum  the  symptoms  of  the 
serum  disease  appear  after  the  normal  period  of  incu- 
bation, namely,  between  the  eighth  to  thirteenth  day. 
But  when  the  same  individuals  are  again  injected  with 
horse  serum  after  intervals  of  sixteen  to  forty-two  days, 
there  reappear  at  once,  or  at  least  within  twenty-four 
hours,  symptoms  of  the  serum  disease. 

Von  Pirquet  and  Schick  further  give  a  list  of  sixty 
children  who  were  injected  with  antitoxic  horse  seruiir 
at  intervals  from  six  days  to  seven  and  a  half  years, 
between  the  first  and  second  injections.  They  found 
that  when  the  second  injection  was  given  from  fourteen, 
days  to  four  months  after  the  first  injection  they  ob- 
tained, with  great  regularity,  what  they  termed  "the 
immediate  reaction,"  but  when  the  interval  between, 
the  first  and  second  injection  is  over  four  months  they 
obtained  httle  or  no  immediate  reaction,  but  what  they 
termed  "an  accelerated  reaction,"  for  the  fever,  urti- 
caria, and  other  symptoms  of  the  serum  disease  ap- 
peared on  the  fifth,  sixth,  seventh,  or  eighth  day.  It 
will  be  remembered  that  the  normal  period  of  incuba- 
tion for  the  symptoms  of  the  serum  disease  to  appear 
after  the  first  injection  is  between  the  eighth  and  thir- 
teenth day.  Von  Pirquet  and  Schick  lay  special  stress 
upon  the  phenomena  of  the  "immediate"  and  "ac- 
celerated "  reactions  following  the  second  injection. 

We  might  also  conclude,  despite  the  suggestion  in  our 
work  upon  sensitizing  guinea-pigs  by  feeding  them  with 
horse  serum  or  horse  meat,  that  children  may  not  be 
sensitized  to  the  toxic  action  in  horse  serum  by  eatino- 
horse  meat,  from  the  fact  that  horse  meat  is  a  favorite 
article  of  diet  in  certain  European  countries,  and  there 
is  nothing  on  record  to  show  that  the  injection  of  horse 
serum  in  those  countries  is  fraught  with  more  danger 
than  where  this  practice  does  not  obtain.  We  must, 
however,  remember  that  our  work  has  shown  that 
gumea-pigs  are  sensitized  with  exceedingly  minute 
(juantities  of  the  strange  proteid,  and  that  repeated  in- 
jections cause  an  immunity;  and  it  is  possible  that  the 
same  action  may  be  true  of  feeding. 

Man  reacts  to  the  first  injectioiTof  horse  serum  after 
a  period  of  incubation  of  eight  to  thirteen  days.  Guinea- 
pigs  show  practicaUy  no  reaction  foUowing  the  first  in- 
jection. Both  react  to  a  second  injection.  The  reac- 
tions m  man  and  the  guinea-pig,  however,  differ  both 
m  severity  and  in  kind.  The  relation,  therefore,  that  our 
observations  upon  the  guinea-pig  may  have  in  its  ap- 
plication to  man  must  await  further  study.  Of  course, 
the  fact  that  other  animals  besides  man  and  guinea- 
pigs  react  to  a  second  injection  of  horse  serum  would 
seem  to  indicate  that  we  are  deahng  with  one  and  the 
same  action.  A\  e  have  tested  monkeys,- rabbits,  mice, 
rwhB?    '   '■'**/!,  <=hickens,   and   pigeons  to   determine 

ri^fnn  f  h^  °^  *^^'^  ^'^'S?,'''"  '"^y  be  sensitized  to  th^ 
action  of  horse  serum.  Thus  far  we  have  obtained  a. 
response  in  the  dogs,  rabbits,  and  cats.  °°''*'"^^  ^ 
iecTZ  ^ftT'^Vl"?  Schick  also  found  that  the  first  in- 
subZuPnt  I  '  '"''''^'^  ''°  ''I'^^^'^^l  effect,  but  that 
reaction  ?n  tK^"*^5'°l''  "^Jf  tions  caused  immediate 
tender.pvpn  t  P™'*"^*'"^  of  local  cedema  which  ex- 
tended *ven  to  gangrene.  Second  injections  when 
introduced  intravenously,  produced  symptoms  of  coT 
lapse  and  even  death.     Arthus  also  founltZt  the  h - 

^""'thrho:"""  ^'^*°  ^"^^^''^  "^"-d  no  symptom  , 
^r  intravenon^lv  ?  f 'T  \^'  >-ie''ted  subcutaneously 
she  davs  sX  fn  'I 'T  he  injected  the  serum  every 
iijectton  ^dP^^«  °"^'^T  ^^  obtained,  after  the  fourth 
io  gaS?ene  °'^^  '^'*'="°'^  ^'^'eh  continuel 

A  rabbit  which  von  Pirquet  and  Schick  had  previ- 
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ously  treated  with  eight  injections  was  then  given 
2  c.c.  of  horse  serum  into  the  ear  vein.  The  rabbit 
reacted  to  this  in  a  minute  and,  after  characteristic 
symptoms  similar  to  those  we  see  in  guinea-pigs,  died 
in  about  four  minutes.  Arthus  obtained  similar  re- 
sults with  repeated  injections  of  sterilized  milk. 

Hypersuscepiibiliiy  and  Immunity  Produced  by  Bac- 
terial Proteids. — Experimental  studies  with'  the  bac- 
terial proteids  are  of  the  greatest  importance  on  account 
of  the  practical  uses  to  which  results  along  this  line  may 
lead.  Our  conviction  that  the  phenomenon  of  hyper- 
susceptibility  which  we  have  been  studying  in  the 
guinea-pig  has  a  deep  significance  in  general  pathology, 
especially  in  the  problem  of  immunity,  induced  us  to 
undertake  an  extensive  series  of  experiments  with  pro- 
teid  extracts  obtained  from  bacterial  cell  masses.  Some 
of  this  work  is  sufficiently  advanced  for  us  to  record 
our  results  in  part. 

Hypersusceptibility  may  easily  be  induced  in  guinea- 
pigs  with  proteid  extracts  obtained  from  the  bacterial 
cell.  The  first  injection  of  most  of  the  extracts  used 
by  us  seems  comparatively  harmless  to  the  animal.  A 
second  injection  of  the  same  extract  shows,  however, 
that  profound  physiological  changes  have  taken  place. 
A  definite  period  must  elapse  between  the  first  and  sec- 
ond injection.  The  symptoms  presented  by  the  guinea- 
pigs  as  a  result  of  the  second  injection  resemble  those 
caused  by  horse  serum. 

The  phenomenon  induced  by  a  second  injection  is 
followed  (in  certain  cases)  by  an  immunity  to  the  cor- 
responding infection. 

These  results  strengthen  our  belief  that  the  phenome- 
non of  hypersusceptibility  has  a  practical  significance 
in  the  prevention  and  cure  of  certain  infectious  proc- 
esses. It  gives  a  possible  explanation  of  the  period  of 
incubation  of  some  of  the  communicable  diseases.  Is 
it  a,  coincidence  that  the  period  of  incubation  of  a  num- 
ber of  infectious  diseases  is  about  ten  to  fourteen  days, 
which  corresponds  significantly  with  the  time  required 
to  sensitize  animals  with  a  strange  proteid?  In  certain 
infectious  diseases  with  short  periods  of  incubation, 
such  as  pneumonia,  the  crisis  which  commonly  appears 
about  the  tenth  day  may  find  a  somewhat  similar  ex- 
planation. It  is  evident  that  disease  processes  pro- 
duced by  soluble  toxins,  such  as  diphtheria  and  tetanus, 
do  not  belong  to  the  category  now  under  consideration. 

We  propose  to  pursue  our  work  along  these  lines  so 
as  to  develop  this  working  hypothesis  into  possible  prac- 
tical results  leading  to  the  prevention  and  cure  of  cer- 
tain of  the  communicable  diseases. 

Extract  of  Colon  Bacillus. — The  extract  from  the 
colon  bacillus  in  the  following  experiments  was  obtained 
as  follows :  A  two-day-old  culture  of  B.  coli  communis 
in  Dunham's  solution  was  used  to  inoculate  heavily  the 
surface  of  eighty-four  large  agar  plates.  These  plates 
were  grown  at  37°  C.  for  four  days  and  the  surface 
growth  collected.  The  bacterial  mass  was  frozen  forty- 
eight  hours  at  about  15°  F.,  thawed  at  room  tempera- 
ture, and  then  ground  with  sand  by  hand  in  a  mortar 
for  five  hours,  shaken  vigorously  half  an  hour,  and 
again  frozen  eighteen  hours.  After  again  thawing,  the 
fiuid  was  diluted  with  salt  solution  and  filtered  through 
a  Berkefeld  filter.  The  clear  filtrate  gave  a  distinct 
coagulum  with  heat  and  acetic  acid. 

All  the  other  extracts  were  obtained  by  a  similar 
process.  In  the  case  of  the  tubercle  bacillus,  the  bac- 
terial mass  was  first  washed  three  days  in  running  water 
to  eliminate  the  soluble  tubercuUn  as  much  as  possible. 

The  hypersusceptibiUty  induced  by  the  colon  ex- 
tracts manifested  itself  by  symptoms  resembhng  those 
already  described  in  the  case  of  horse  serum.  The 
guinea-pigs  scratched  at  the  mouth  with  their  hind 
legs.  Most  of  them  showed  evidences  of  respiratory 
embarrassment  by  quickened,  labored,  or  irregular 
breathing.  Many  of  the  pigs  lay  over  on  their  sides, 
which  is  such  a  common  symptom.  A  few  developed 
jerky  movements ;  but  in  no  case  was  convulsion  noted. 
The  pigs  looked  quite  sick  and  ill  at  ease,  but  gradu- 


ally recovered,  so  that  by  next  morning  they  seemed 
normal. 

Ten  days  following  the  second  injection  of  the  extract 
all  the  above  pigs  were  gi\en  .5  c.c.  of  a  heavy  emulsion 
of  colon  bacillus  from  twenty-four-hour-old  agar  slants, 
but  showed  no  symptoms,  and  remain  in  good  condi- 
tion. Three  controls  received  the  same  injection  and 
difed  in  twelve  hours. 

Yeast. — The  manifestations  of  hypersusceptibility 
produced  by  the  proteid  extract  from  yeast  cells  ara 
restlessness,  scratching,  irregular  respirations ;  the 
guinea-pigs  lie  down  and  look  sick ;  sometimes  jerky 
movements  are  seen  and,  in  one  instance,  convulsions. 

Anthrax. — Indications  of  hypersusceptibiUty  pro- 
duced by  anthrax  are  scratching,  rapid  respirations; 
pigs  frequently  fall  over  on  their  sides  and  look  sick; 
none  of  the  pigs  coughed  or  had  convulsions. 

A  number  of  guinea-pigs  were  given  the  extract  from 
anthrax  bacilli  before  infection;  some  were  given  a 
single  injection,  some  two  injections,  and  others  daily 
injections  for  twenty  days.  Other  guinea-pigs  were 
given  the  extract  used  as  a  vaccine,  both  in  single  and 
repeated  injections,  after  being  infected  with  anthrax 
baciUi.  The  extract  did  not  seem  to  have  any  influence 
on  the  course  of  the  disease,  whether  given  before  or 
after  the  infection. 

Tuberculosis. — The  indications  of  hypersusceptibility 
induced  by  extract  of  tubercle  bacilli  are  restlessness, 
scratching,  irregular  respiration,  tremor;  most  of  the 
pigs  lie  down  on  their  sides  and  look  sick. 

The  guinea-pigs  which  have  reacted  to  two  injections 
of  proteid  extract  obtained  from  the  tubercle  bacillus 
are  now  being  tested  for  immunity  to  infection  with 
tubercle  cultures. 

Typhoid. — The  indications  of  hypersusceptibility  in- 
duced by  two  injections  of  typhoid  extract  manifest 
themselves  by  rapid  respirations;  most  of  the  pigs  lie 
down  on  their  sides.  The  symptoms  presented  by  this 
series  of  pigs  were  mild. 

Nine  days  following  the  second  injection  of  the  ex- 
tract five  pigs  of  the  above  series  which  had  received 
10  c.c.  of  the  typhoid  extract  at  the  second  injection 
resisted  a  large  dose  of  a  virulent  typhoid  culture.  Two- 
controls  died  in  eighteen  hours.  One  or  two  of  the  pigs 
which  had  received  the  extract  were  slightly  sick  the 
following  day,  but  the  next  day  had  fully  recovered  and 
have  remained  so.  A  definite  immunity  was,  therefore, 
conferred  by  the  two  injections  of  extract  from  the 
typhoid  bacillus.  Milton  J.  Rosenau. 

John  F.  Anderson. 
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ANEURISM,  THE  MATAS  OPERATION  FOR  (Endo- 
nneurismorrhaphy.—The  treatment  of  sacculated  aneur- 
u™D  ^  11,°^,*"°'*  °^  intrasaccular  suture  was  devised 
by  Rudolph  Matas  and  first  practised  by  him  in  the 
Charity  Hospital  of  .\ew  Orleans,  Louisiana,  in  1888. 
,-;  th?^!;^'  reported  and  the  operation  fully  described 
m  the  Medical  News,  October  27th,  1888.  According  to 
the  author  s  own  statement,  however,  he  was  so  bound 
down  by  tradition  and  by  the  fears  of  atheroma  and 
secondary  hemorrhage  that  twelve  years  were  allowed 
to  elapse  before  he  again  practised  his  now  well-known' 
technique.  Before  describing  this  in  detail,  it  is  inter- 
esting to  quote  from  Matas'  writings  that  his  case  was 
the  first  recorded  instance  of  the  suture  applied  to  an 

oM,"nLl  ■  *i '"■  t^""""*^"  '""^  ^'^"^bert's  nowl^toric  ca'e 
otbrachial-artery  suture  operated  on  in  1759,  that  is 
one  hundred  and  twenty-nine  years  later  " 

The  very  latest  reference,  however,  to  this  Question 
fhlSJt:  'T  ^'"\^'^^"  "^^  Matas^^H^e  stages 
of  Romf  in  hlf' ^f  T  .^''^  developed  that  Postemski 
sanfZni  ,f  ,i"«  co'it'-fbution  on  "  La  sutura  dei  vasi 

"ccfdent",!  wi^f. f  ^ffv!''''/''''''',''^) '  mentions  a  case  of 
..ccidental  wound  of  the  femoral  arterv  iniured  durinfr 
operation,  which  he  closed  by  a  lateral' arterbrrhapTy^ 
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Fig.  50.i2.— Restorative  Operation. 
The  Lembert  sutures  are  closing 
the  single  stoma  of  a  sacculated 
aneurism. 


As  this  operation  was  performed  in  1887,  Postemski  is 
entitled  to  the  credit  of  the  first  arterial  suture  in  man 
after  Lambert  and  Hallowell.  This  has  no  immediate 
bearing,  however,  upon  the  fact  that  the  application  of 
the  intravascular  suture  for  the  obliteration  or  cure  of 
aneurism,  both  in  prin- 
ciple and  practice,  is 
original  and  began  with 
Matas  in  1888;  for  the 
remarkable  develop- 
ment  in  this  field  'of 
vasal  surgery,  all  of 
which  has  occurred  in 
the  past  ten  years, 
found  its  beginning  and 
first  stimulus  in  the  an- 
eurismal  studies  of 
Matas,  nothing  of  any 
clinical  import  on  the 
surgery  of  the  blood- 
vessels having  been  con- 
tributed since  the  days 
of  Hunter  and  the  earlier 
writers. 

It  is,  therefore,  of  par- 
ticular interest  to  quote 
from  the  author  of  this 
method  the  following 
principles  which  under- 
lie the  application  of 
the  technique,  since 
these  are  of  a  much 
further-reaching  import 
than  even  the  actual 
technique  itself:  "The  dominant  and  essential  feat- 
ures of  the  operation  are  that  the  aneurismal  sac  is  re- 
garded as  a  large  diverticulum  or  prolongation  of  the 
parent  artery  with  which  it  is  continuous;  that  the 
lining  membrane  of  the  sac  is  a  continuation  or  exten- 
sion of  the  endothelial  intima  which  lines  the  interior 
of  the  artery,  and  in  fact  of  the  entire  vascular  system 
and  that  the  sac  itself,  when  not  disturbed  from  its  vas- 
cular connections,  is  capable  of  exhibiting  all  the  re- 
parative and  regenerative  reactions  which  characterize 
the  endothehal  surfaces  in  general  when  subjected  to 

irritation.  In  other 
words,  the  sac,  when 
fully  formed  and  de- 
veloped, is  the  ana- 
logue of  the  serous  cav- 
ities elsewhere,  not  only 
in  a  histological  or  em- 
bryological  sense,  but 
from  a  surgical  point  of 
view,  and  it  is  to  be 
treated  as  a  serous  cav- 
ity comparable  to  the 
peritoneum  or  pleura. 
This  means  simply  that 
the  aneurismal  sac  with 
its  endothelial  and  se- 
rous lining  will  react  to 
irritating  agents  in  the 
same  plastic  manner 
that  the  peritoneum 
does  when  subjected  to 
the  same  influences. 
Therefore,  when  the 
edges  of  the  orifices, 
FIG.  5053.-Restorative  Operation,  "^^hich  lead  from  the 
The  stoma  closed.  sac  to  the  parent  artery, 

are  brought  together 

Uc'eVudSr  '°  ""'^1  by  theoVniSn'oUhfe 
of  the  bowp?  P''^"!!^'/  ^^^  ^^™«  '"'^"ner  as  the  coats 
bert  ^u^rp  T  T^^"^  '^^'^''  approximated  by  a  Lem- 
serosa^  ^o  P  \°\^^^  ^°"^^'  ^^e  dictum  '  serosa  to 
serosa,    so  essential  in   suturing  divided    intestines,  is 
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simply  changed  in  the  vascular  system  to  '  intima 
to  intima,'  in  both  cases  the  effect  of  the  suture  being 
the  same,  viz.,  the  outpouring  of  plastic  exudates 
which  definitely  organize  [by  endothelial  proliferation] 
and  unite  the  irritated,  surfaces.  In  order  that  the 
intima  may  display  its  reactionary  and  reparative  qual- 
ities to  the  best  advantage,  it  is  necessary  that  its 
vitality  or  nutrition  be  unimpaired  by  separating  or 
detaching  it  from  the  tissues  in  which  it  is  embedded, 
and  upon  which  its  vascular  supply  depends.  The 
sac,  therefore,  should  only  be  opened  or  incised,  never 
dissected  away  from  its  surroundings  as  is  necessary  to 
do  when  the  old  Antyllian  operation  or  the  extirpation 
of  an  aneurism  is  attempted." 

Morphology  of  Aneurism  Favorable  to  Operation. — 
As  is  well  known,  there  are  two  classes  of  aneurisms: 
those  in  which  the  "  aneurismal  sac  is  simply  attached, 
as  it  were,  to  its  parent  artery  at  a  single  orifice,  the 
artery  retaining  its  calibre  and  continuity  throughout 
its  course  and  communicating  with  the  aneurismal  sac 
only  by  a  small  opening  in  its  walls,"  and  those  in  which 


Tig.  5054. — Reconstructive  Operation.  Sacculated  aneurism  opened 
and  seen  from  within.  Note  tlie  opening  ol  a  collateral  to  one  side 
of  the  main  stomata. 


sac  and  vessel  are  integrated.  In  the  first  class  it  is 
evident  that  if  the  opening  which  connects  the  sac  with 
the  main  artery  is  closed  by  a  suture,  the  sac  will  be 
obliterated,  i.e.,  the  aneurism  cured,  without  interfer- 
ing with  the  arterial  current  that  flows  in  the  artery 
connected  with  it.  In  these  cases  the  ideal  surgery  is 
readily  accomplished.  By  preserving  the  lumen  or  the 
continuity  of  the  parent  artery,  this  method  challenges 
the  infallibility  of  Scarpa's  dictum,  which  has  remained 
an  immutable  and  unshaken  postulate  in  surgery  from 
the  time  it  was  first  enunciated  by  that  remarkable 
surgeon  and  thinker,  over  one  hundred  years  ago.  Ac- 
cording to  Scarpa,  "It  is  a  certain  and  incontroverti- 
ble fact  in  practical  surgery  that  a  complete  and  radical 
cure  of  aneurism  cannot  be  obtained  in  whatever  part 
of  the  body  this  tvimor  (aneurism)  is  situated,  unless 
the  ulcerated,  lacerated,  or  wounded  artery  from  which 
the  aneurism  is  derived  is  by  the  assistance  of  nature, 
or  by  nature  combined  with  art,  obliterated  and  con- 
verted into  a  perfectly  solid  ligamentous  substance  for 
a  certain  space  above  and  below  the  place  of  the  ulcera- 
tion, laceration,  or  wound."  This  postulate,  so  thor- 
ouglily  confirmed  by  the  experience  of  surgeons  through- 
out the  centuries,  is  no  longer  tenable  as  an  absolute 
truth,  since  the  substitution  of  the  suture  for  the  liga- 


ture has  permitted  the  aneurismal  sac  in  a  very  consid- 
erable percentage  of  the  cases  to  be  obliterated  without 
interrupting  the  continuity  of  the  parent  arteiy.  (Ma- 
tas'  personal  communication.) 

In  the  other  and  more  frequent  type  of  aneurism,  the 


Fig.  5055.— Reconstructive  Operation.     Aneurismal  sac  shown  in 
Fig.  5054.   Btomata  partly  closed  by  Lembert  sutures. 

sac  is  an  expansion  of  the  artery,  not  only  involving  all 
the  walls  of  the  vessel,  but  a  part  of  its  continuity  for  a 
greater  or  lesser  portion  of  its  length.  Such  aneurisms, 
when  opened,  present  two  main  openings  the  oblitera- 
tion of  which  cannot  but  stop  the  distal  circulation  of 
the  blood  current.  Considerable  misapprehension  has 
been  evidenced,  particularly  in  Europe,  as  to  the  neces- 
sity of  attempting 
to  preserve  the  con- 
tinuity of  the  ar- 
tery in  every  case, 
many  reviewers 
having  erroneously 
held  this  to  be  the 
ultimate  aim  of  the 
operation.  Matas 
stated  that  as  the 
result  of  a  study  of 
the  collective  ex- 
perience of  Ameri- 
can surgeons,  the 
European  operat- 
ors in  general  hav- 
ing misinterpreted 
the  technique  so 
far  as  to  render 
their  reports  rela- 
tively valueless,  it 
is  safe  to  conclude 
that  the  preserva-" 
tion  of  the  conti- 
nuity of  the  vessel 
is  not  essential  to 
success  in  the  ma- 
jority of  the  cases, 
being  indicated  pos- 
itively'only  in  sac- 
ciform aneurisms  and  as  a  provisional  measure  in  some 
of  the  fusiform  variety.  The  very  essence  of  endo- 
aneurismorrh^phy  in  the  fusiform  type  depends  upon 
the  preservation  of  the  saccular  and  perianeurismal  col- 
lateral circulation,  which  is  preserved  in  the  Matas 
technique,  rather  than  upon  the  preservation  of  the 


FIG. 


5056.— Reconstructive  Operation. 
Catheter  in  situ. 
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lumen  of  the  artery.  The  point  to  make  clear  is  that 
the  advantage  of  the  Matas  operation,  as  applied  lo 
fusiform  aneurisms,  over  other  methods,  lies  in  the 
preservation  of  collateral  circulation  around  the  undis- 
turbed and  undissected  sac  walls,  and  through  thefe 
the  collaterals  of  the  circulation  of.  the  extremity,  after 
the  tension  of  the  sac  has  been  relieved  by  the  complete 
evacuation  of  its  contents.  Herein,  and  not  in  the 
making  of  a  new  canal  through  the  sac,  lies  the  meat  of 
the  Matas  cocoanut. 

It  is  evident,  therefore,  that  the  artery  may  or  may 
not  be  obliterated  according  to  the  morphology  of  the 
aneurismal  sac.  Based  upon  this,  endoaneurismor- 
rhaphy  is  divided  into  three  varieties:  (1)  Obliterative, 
(2)  restorative,  (3)  reconstructive.  The  first  is  indicated 
in  all  fusiform  aneurisms  in  which  there  are  two  or 
more  orifices  of  supply  and  in  which  the  parent  artery  is 
entirely  lost  at  the  seat  of  the  aneurism.  No  attempt 
is  here  made  to  restore  the  continuity  of  the  artery, 
dependence  for  distal  circulation  being  placed  upon  the 
relief  of  all  perianeurismal  tension  by  the  complete 
evacuation  of  the  sac  and  by  the  undisturbed  collaterals 
of   the    sac  wall.     Of  the  sixty-six  operations   by  the 


Fig.  5057.— Detail  o£  Reoonstnietlve  Operation.    The  catheter  is 
being  withdrawn. 

Matas  method,  forty-two  are  of  cases  illustrating  the 
obhterative  technique.  The  efficiency  of  the  collaterals 
IS  proven  by  the  absence  of  postoperative  gangrene  in 
all  uncomplicated  cases  in  which  the  satellite  vein  has 
not  been  injured. 

Restorative  endoaneurismorrhaphy  is  applicable  solely 
to  the  treatment  of  sacciform  aneurisms.  The  sac  is 
simply  opened,  complete  ha;mostasis  being  maintained, 
the  clot  IS  washed  out,  the  openings  closed,  and  the 
blood  supply  of  the  sac  lumen  permanently  arrested. 
1  he  endothelial  surfaces  of  the  sac  are  then  brought  to- 
gether and  the  wound  is  closed  in  the  manner  shortly 
to  be  descriDed.  Nine  operations  of  this  type  have  been 
described. 

Reconstructive  endoaneurismorrhaphy  is  obviously 
applicable  solely  to  the  treatment  of  fusiform  aneur- 
isms in  which  there  has  been  little  or  no  dissecting  of 
the  coats  of  the  sac  and  m  which  the  two  openings  lie 
on  the  same  level  and  are  readily  accessible.  The  con- 
tinuity of  the  main  artery  may  in  these  chosen  cases  be 
restored  by  autoplastic  suture  of  the  base  of  the  sac 
over  a  catheter  which  may  be  inserted  into  the  proximal 
and  the  distal  opening.  This  guide  should  be  removed 
betore  the  last  suture  is  tied.  Then  the  technique  of 
obliteration  of  the  main  portion  of  the  sac  is  carried  on 
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as  in  the  other  variants  of  the  operation.  Fifteen 
cases  of  this  type  of  operation  have  been  reported. 
This  reconstruction  is  the  least  important  factor  in  the 
Matas  technique. 

Anatomical  Essentials  for  the  Success  of  the  Opera- 
tion.— First,  the  aneurism  should  be  so  situated  that 


Fig.  5058.— Obliterative  Operation,  Showing  Insertion  of  Second  Row 
of  Sutures. 

provisional  haemostasis  may  be  obtained  by  controlling 
the  proximal  arterial  supply  of  the  tumor  on  the  cardiac 
side.  In  regions  where  the  Esmarch  bandage  cannot 
be  easily  applied,  great  care  must  be  exercised  in  secur- 
ing the  distal  as  well  as  the  cardiac  side  of  the  main 
trunk.  Second,  a  free  opening  of  the  sac  in  its  longi- 
tudinal axis  without  dissecting  its  walls  or  disturbing 
unnecessarily  its  relations  with  the  surrounding  tis- 
sues in  which  it  is  embedded,  especially  avoiding  the 
accompanying  veins  and  nerves.  This,  ac  already 
stated,  secures  the  advantages  of  collateral  blood  sup- 
ply and  marks  the  difference  between  the  new  operation 
and  the  old.  Third,  all  the  orifices  which  open  into  the 
sac  are  exposed  to  view  so  that  they  may  be  sutured 
just  after  the  manner  of  intestinal  wounds.  The  op- 
eration is  thus  simply  a  further  application  of  the  sur- 


FiG.  5059.— Detail  ot  Imbricating  Stitches  lor  Obliteration  of  Dead 

Spaces. 

gical  truth  that  hemorrhage  should  be  controlled  and 
sutured  at  its  point  of  exit  from  the  vessel— never  in 
continuity. 

Technique.^Matas  prefers  absorbable  chromic  gut 
(fifteen-day)  He  formerly  used  silk.  Any  good  in- 
testinal needle  will  serve  the  purpose.     In  all  cases  he 
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prefers  the  continuous  suture,  for  it  approximates  the 
edges,  not  only  more  rapidly,  but  more  securely.  As 
to  the  number  of  stitches,  he  states  that  no  less  than 
eight  to  ten  suture  points  to  the  inch  should  be  em- 
ployed. The  needle  should  penetrate  at  least  one- 
fourth  to  one-sixth  of  an  inch  beyond  the  margin  of 
the  orifice,  reappearing  on  the  opposite  margin  as  in 
the  start.     After  the  closure  of  all  openings  into  the 

sac,  the  provi- 
sional hsemos- 
tasis  should  be 
relieved  in  order 
to  test  the  effi- 
cacy of  the  sut- 
ures. Nothing 
now  remains 
but  to  obliter- 
at e  the  sac 
and  close  the 
wound.  As  a 
rule,  long  longi- 
tudinal folds 
are  to  be  seen 
on  the  floor  of 
the  relaxed  an- 
eurismal  sac. 
These  are  the 
natural  results 
of  the  relief  of  blood  pressure  upon  the  sac  wall. 
They  are  brought  together  in  the  middle  line  by  a 
continuous  suture.  This  is  superimposed  upon  the 
first  line  of  haemostatic  sutures  and  not  only  serves 
to  reinforce  them,  but  to  raise  the  floor  of  the  sac. 
This  technique  may  be  repeated  and  a  third  layer 
placed  over  the  second  if  sufficient  tissue  be  present. 
The  base  of  the  sac  is  thus  brought  up  nearly  to  a  level 
with  the  skin,  which  is  then  carried  down  and  sutured 
upon  it.  In  the  treatment  of  small  sacs,  the  walls  may 
be  brought  together  by  a  row  of  continuous  absorbable 
sutures,  which  bring  the  endothelial  surfaces  in  complete 
apposition.  In  certain  large  adherent  popliteal  aneur- 
isms, for  example,  the  folds  referred  to  frequently  do 
not  form.  In  these  cases  all  that  can  be  done  is  to 
narrow  the  cavity  as  much  as  possible  by  inverting  and 
tacking  fast  to  the  bottom  and  side  the  relaxed  skin 
flap.  Obliteration  of  the  sac  by  infolding  is  occasion- 
alty  impossible.  In  these  rare  cases  it  may  be  left  to 
heal  by  granulation,  or  recourse  may  be  had  to  skin 
grafting.  In  general  the  technique  of  closure  of  the 
sac  may  be  enu-  _ 
merated  accord- 
ing to  Matas, 
as  follows: 
"  First,  do  not 
suture  *too  fre- 
quently or  too 
tightly  lest  the 
circulation  o  f 
the  sutured  tis- 
sues be  impair- 
ed. Second,  ap- 
pose the  sides 
of  the  wound 
as  closely  as  

possible  so  that    ^^^  506l.-cross  Section  of  the  Tissues  in  the 

plastic    union  Obliterative  Operation. 

ratherthan 

granulation 

may  close  the  wound.     Third,  drain  all  cavities  which 

are  too  large  or  irregular  to  be  apposed." 

Advantages  of  the  Technique. — (1)  Its  simplicity  re- 
duces traumatism  to  a  minimum.  (2)  Its  safety,  which 
depends,  as  ab-eady  noted,  upon  the  non-interference 
with  collateral  circulation  about  the  sac  or  with  im- 
portant perianeurismal  veins,  nerves,  or  other  organs. 
(3)  Its  complete  reUef  of  perianeurismal  pressure  effect 
by  immediate  evacuation  of  the  sac  contents.  (4)  Its 
permanancy  as  a  cure. 


Statistical  Results, — The  intrasaccular-suture  method 
has  been  applied  up  to  the  present  writing  (December 
ICth,  1907,  so  far  as  the  author  has  been  able  to  collect 
the  same),  66  times  by  34  different  operators,  33  Amer- 
ican and  1  European  (Lozano  of  Spain).  Other  cases 
(arterial  and  arteriovenous)  have  been  reported  in 
which  the  suture  has  '  been  applied  to  close  wounded 
arteries  in  traumatic  false  aneurism,  but  these  are  not 
included  in  the  statistics  because  they  are  not  morpho- 
logically relevant.  These  cases  are  classed  as  atypical 
arteriorrhaphies  and  not  as  aneurismorrhaphies. 

The  66  aneurisms  involved  the  following  arteries: 
Popliteal,  39;  femoral,  15;  post-tibial,  1;  inguinal 
(iliofemoral),  1;  axillary,  1;  brachial,  2;  subclavian, 
2 ;  subolavio-axillary,  1 ;  external  carotid,  1 ;  gluteal, 
1 ;  abdominal  aorta,  2.  Of  these,  42  were  obliterative 
operations,  9  restorative,  and  15  reconstructive.  Of 
the  popliteal  aneurisms  22  were  treated  by  the  oblitera- 
tive, 6  by  the  restorative,  and  11  by  the  reconstructive 
method.  Of  the  femoral  aneurisms,  10  were  obliterative, 
3  restorative,  2  reconstructive  operations. 

In  the  66  cases  there  were  4  deaths;  these  oc- 
curred in  obliterative  cases,  2  abdominal  aortic  caused 
by  shock  and  hemorrhage,  both  very  unfavorable  cases 
from  Matas'  point  of  view.  In  both,  however,  the 
openings  in  the  sac  were  sutured  and  the  sutures  held, 
but  hemorrhage  occurred  above  the  aneurism  from  the 
damaged  calcareous  coats  of  the  artery,  compelling  the 
operator  to  leave  clamps  in  situ.  One  popliteal  was 
complicated  by  tetanus  and  gangrene ;  in  this  case  the 
vein  was  also  injured  and  had  to  be  ligated. 

One  femoral,  in  a  subject  of  multiple  aneurisms,  in 
which  a  second  iliac  formed  and  ruptured  where  a  trac- 
tion loop  had  to  be  applied  for  prophylactic  control 
while  operating  upon  the  first-found  aneurism. 

Total  gangrenes,  3;  all  after  obliterative  operations. 
The  leg  became  gangrenous  in  two  popliteal  cases;  in  one 
the  patient  died  from  tetanus,  in  the  other  after  ampu- 
tation. In  both  cases  the  popliteal  vein  was  injured 
and  bad  to  be  tied  in  the  course  of  the  operation.  In 
one  femoral,  gangrene  from  embolism  or  thrombosis  in 
the  popliteal  artery  at  the  bifurcation  far  beyond  the 
aneurism;  amputation  of  the  leg  and  recovery.  No 
secondary  hemorrhage  and  no  relapses  have  been  re- 
ported in  the  obliterative  cases. 

In  two  cases  gangrene  already  existed  in  the  toes  ai.d 
feet  when  the  patient  applied  for  treatment.  The 
aneurisms  were  undergoing  spontaneous  obliteration 
by  thrombus  formation  in  the  sac.  The  obliterative 
operation  was  performed  in  both  cases  with  the  hope 
of  improving  the  collateral  circulation  and  reducing  the 
perianeurismal  tension  in  the  popliteal  space.  Both 
patients  recovered  after  conservative  amputations  of 
the  leg. 

To  summarize:  Obliterative  endoaneurismorrhaphy, 
42  cases — popliteal,  22 ;  femoral,  10  ;  subclavian,  2 ; 
subclavio-axillary,  1 ;  brachial,  2 ;  external  carotid, 
1 ;  gluteal,  1 ;  posterior  tibial,  1 ;  abdominal  aorta,  2. 
Deaths,  as  previously  explained,  4,  viz.,  2  abdominal 
aortic,  1  femoral,  1  popliteal ;  in  none  of  them  was  death 
due  to  any  inherent  defect  in  the  method  itself,  but  to 
accidental  conditions;  gangrene,  3  cases,  viz.,  2  popli- 
teal ;  1  femoral.  Secondary  hemorrhage  none.  Relapses 
none. 

Restorative  endoaneurismorrhaphy,  9  cases :  6  pop- 
liteal, 3  femoral;  all  sacciform  aneurisms.  No  deaths; 
no  gangrene;  no  relapses;  several  over  two  or  three 
years  since  operation. 

Reconstructive  endoaneurismorrhaphy,  15  cases:  11 
popliteal,  2  femoral,  1  inguinal,  1  axillary.  Deaths 
none;  gangrene  none;  relapses  2,  and  1  too  recent  to 
state  the  outcome.  The  relapsed  cases  were  2  popli- 
teal. In  one  the  patient  preferred  amputation  to  an- 
other operation ;  in  the  other  the  sac  was  reopened  and 
the  orifice  closed  by  the  obliterative  procedure  with 
permanent  success.  _  The  inguinal  case,  though  appar- 
ently very  simple  at  the  time,  is  still  too  recent  to  be 
classed  as  a  permanent  success. 
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Again,  to  sum  up,  we  find  66  cases  of  all  types,  with 
4  deaths  (6  per  cent.),  in  none  of  which  was  the  fatal 
outcome  due  to  defects  inherent  in  the  method  itself. 
Gangrene  3  (4.5  per  cent.),  also  from  causes  which  are 
not  to  be  closely  attributed  to  the  method,  viz.,  injury 
and  ligation  of  the  satellite  vein ;  embolism  or  throm- 
bosis in  the  periphery  subsequent  to  operation  and  at 
a  distance  from  the  seat  of  the  aneurism ;  and  2  positive 
relapses  in  the  reconstructive  operation. 

J .  W .  Draper  Maury. 

ANTHRACOSIS.— The  truth  of  the  universally  ac- 
cepted theory  that  anthracosis  of  the  lungs  is  an  aerog- 
enous  condition  due  to  the  inhalation  of  air  contain- 
ing carbon  dust  has  been  vigorously  attacked  during 
the  last  several  years.  The  foundations  upon  which 
our  older  belief  rested  have  been  so  shaken  by  the  work 
of  Calmette  and  his  colleagues  that  we  find  ourselves 
in  the  interesting  position  of  doubt  concerning  the  origin 
of  one  of  the  most  familiar  and  trite  pathological  con- 
ditions, the  inhalation  origin  of  which  we  have  accepted 
in  the  past  without  question.  Through  the  investiga- 
gations  of  Calmette,  Gu^rin,  Van  Steenberghe,  and 
Grysez,  the  opinion  has  gained  ground  in  France  that 
the  deposits  of  carbon  dust  in  the  lungs  and  bronchial 
glands  are  the  results  of  ingestion  and  not  of  inhala- 
tion. Experiments  on  rabbits  showed  that  ligature  of 
the  oesophagus  prevented  anthracosis;  while,  when 
swallowing  was  permitted  in  animals  having  one  bron- 
chus plugged  with  cotton-wool,  the  corresponding  lung 
developed  anthracosis  in  the  same  degree  as  the  other 
lung.  Repeated  experiments  by  the  investigators 
named  have  shown  that  finely  powdered  coal  dust,  cin- 
nabar, and  India  ink  may  pass  the  intestinal  wall  into 
the  lymphatic  system  and  thence  into  the  lungs  and 
bronchial  glands.  The  intestinal  epithelium  appar- 
ently plays  no  part  in  the  transmission  of  the  dust 
particles;  it  is  accomplished  chiefly  or  wholly  by  the 
leucocytes.  In  young  animals  the  pigment  thus  taken 
in  through  the  intestinal  mucosa  is  largely  filtered  out 
by  the  mesenteric  glands,  but  in  older  animals  a  larger 
portion  of  the  dust  or  pigment  particles  passes  on 
through  the  thoracic  duct  and  thence  into  the  lungs. 
Feeding  experiments  show  that  pulmonary  anthracosis 
may  develop  rapidly  in  this  way.  Calmette  argues, 
therefore,  that  physiological  anthracosis  is  chiefly 
due  to  an  ingestion  of  carbon  dust.  Only  after  a 
prolonged  stay  in  a  very  smoky  atmosphere  does  in- 
halation play  an  important  role  in  the  nroduction  of 
this  condition. 

Biondi  has  confirmed  Calmette 's  statements  in  so  far 
as  experiments  with  powdered  graphite  are  concerned 
but  points  out  that  metallic  dust  acts  in  a  very  differ- 
ent way  from  carbon  dust.  When  ingested  the  former 
IS  dissolved  or  chemically  changed  and  is  not  deposited 
m  the  lungs  or  bronchial  glands,  so  that  deposits  of  me- 
tallic dust  occurring  in  the  lungs  must  be  the  results  of 
inhalation.  Petit  has  also  confirmed  Calmette's  views 
by  the  feeding  of  charcoal  dust  to  infants  suffering  from 
fatal  conditions  such  as  tuberculosis  and  marasmus 
To  prevent  the  entrance  of  any  of  the  dust  into  the  re- 
spiratory tract  It  was  given  in  a  suspension  through  an 
oesophageal  tube.  _  At  autopsy  the  mesenteric  glands, 
lungs,  and  bronchial  glands  of  the  tuberculous  infants 
showed  anthracosis,  but  it  was  absent  in  the  glands  of 
the  marasmic  infants. 

In  Germany  the  tendency  has  been  to  discredit  the 
work  of  the  French  observers.  Schultze  found  in  feed- 
ing experiments  carried  out  upon  guinea-pigs  and  rab- 
bits that  deposits  of  the  pigment  were  present  only  in 
the  intestine  and  lung,  and  regards  this  as  evidence  that 
^A°™u  2?,  "^"^  carbon  dust  had  been  inhaled  accidentally. 
Aschoff  s  experiments  with  the  feeding  of  carmine  were 
negative  Miranescu  in  a  series  of  feeding  experiments 
with  India  ink,  carmine,  and  charcoal  emulsion  ob- 
tained no  pulmonary  deposits  as  the  result  of  ingestion 
alone.  Likewise  the  feeding  experiments  conducted  bv 
I'ehziani  proved  negative.     On  the  other  hand,  inhala- 
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tion  experiments  carried  out  by  Bennecke  upon  the 
guinea-pig,  rabbit,  and  dog  showed  that  inhaled  carbon 
dust  can  penetrate  the  lungs  and  after  entering  the 
lymphatics  pass  to  the  bronchial  glands. 

In  this  undecided  state  the  matter  stands  at  the  pres- 
ent time,  and  a  thorough  investigation  of  the  whole  sub- 
ject of  anthracosis  seems  necessary  in  order  to  settle 
this  and  the  other  important  questions  arising  out  of 
Calmette's  claims.  If  the  ingestion  theory  of  anthra- 
cosis is  shown  to  be  correct,  it  would  appear  not  at  all 
improbable  that  many  of  the  inflammatory  affections 
of  the  lung,  as  well  as  tuberculosis,  are  the  result  of  in- 
fection by  way  of  the  intestinal  tract. 

Other  recent  contributions  to  our  knowledge  of  an- 
thracosis deal  with  its  relation  to  tuberculosis.  Among 
these  may  be  mentioned  Ribbert's  view  that  anthra- 
cosis is  largely  determined  by  a  previous  healed  tuber- 
culosis, although  he  rejects  wholly  the  ingestion  theory. 
Wainwright  and  Nichols  have  carried  out  experimental 
investigations  to  determine  if  pulmonary  anthracosis 
rendered  the  lungs  less  susceptible  to  tuberculosis,  as 
has  been  claimed  is  the  case  with  miners.  Two  sets  of 
guinea-pigs  were  given  intratracheal  injections  of  tuber- 
cle bacilli.  One  set  had  been  kept  for  two  months  in 
an  atmosphere  saturated  with  coal  dust.  In  this  group 
of  animals  the  lungs  remained  practically  free,  although 
abdominal  tuberculosis  developed.  The  control  group 
developed  pulmonary  lesions.  No  satisfactory  expla- 
nation of  this  phenomenon  was  discovered,  but  it  was 
thought  that  the  soluble  salts  of  lime  contained  in  coal 
might  have  an  inhibiting  action  upon  the  growth  of 
tubercle  bacilli,  or  that  certain  changes  occur  in  the 
structure  of  the  lungs  that  render  them  less  susceptible 
to  infection.  Aldred  Scott  Warthin. 

ARSENIC.POISONING  BY.— Knowledge  of  the  poison- 
'  ous  nature  of  arsenic  seems  to  Lave  come  from  out  the 
mysterious  East.  Long  before  the  dawn  of  -written  his- 
tory the  Asiatics,  the  Egyptians,  and  doubtless  other  East- 
ern peoples,  seem  to  have  been  well  acquainted  with  the 
sulphides  of  arsenic  and  probably  also  with  the  method 
of  preparing  the  trioxide  by  roasting  arsenical  ores.  The 
oldest  of  the  manuscripts  and  papyri  dealing  with  mate- 
ria medica,  etc. ,  which  have  come  down  to  us  (the  famous 
Leyden  collection),  include  the  name  "  arsenic  "  in  the  list 
of  substances  with  medicinal  or  poisonous  action.  We 
are  ignorant,  however,  of  the  part  this  substance  played 
in  the  world's  drama  prior  to  the  first  century  a.d.  But 
about  this  period  the  writings  of  Dioscorides  and  of 
Olyjnpiodorus  caused  the  method  for  the  preparation  of 
the  oxide  to  be  well  known  and  its  poisonous  property  to 
be  well  understood.  From  this  time  on,  arsenic  trioxide, 
because  of  its  being  colorless,  odorless,  tasteless,  and  in- 
sidious in  its  action,  became  a  factor  in  history.  Profes- 
sional poisoners  soon  appeared  on  the  stage  and  sueceeded 
in  developing  poisoning  Into  an  art— if  this  be  not  a  pros- 
titution of  this  term.  The  first  of  these  artists  in  crime 
seems  to  have  been  Locusta.  Attached  to  the  court  of 
Agrippina  she  caused  the  death  of  Claudius  by  means  of 
arsenic ;  later,  as  the  tool  of  Nero,  she  accomplished  the 
death  of  Britannicus  and  threw  Rome  into  consternation 
and  terror.  Put  to  death  by  Galba  in  68  a.d.,  she  was 
succeeded  by  an  adept  disciple,  Canidia,  who  admin- 
istered arsenic  to  a  large  number  of  victims.  From  this 
time  on,  Italy  proved  a  hotbed  for  schools  of  crime  in 
which  arsenic  was  always  the  chief  agent.  Until  the 
thirteenth  and  to  a  certain  extent  to  the  fifteenth  cent- 
ury, murder  by  means  of  arsenical  preparations  knew 
no  bounds  and  overflowed  all  Europe.  Standing  forth 
among  the  many  historical  lesser  criminals,  we  have 
Charles  the  Bad,  King  of  Navarre,  whose  remarkable 
letters  patent  (fourteenth  century),  giving  directions  for 
the  poisoning  of  his  brothers  and  uncles  by  means  of 
wliite  arsenic  to  be  mixed  with  food  or  wine,  are  still  ex- 
tant; the  Pope  Alexander  VI.,  murdering  out  of  revenge 
tliose  of  his  cardinals  who  disagreed  with  him,  and  the 
wealthy  cardinals,  his  friends,  in  order  that  he  might 
seize  their  property,  meeting  death  himself  through  the 
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mistake  of  a  servant  wlio  gave  him  a  bottle  of  ■wine  con- 
taining arsenic  Intended  for  Cardinal  Corneto.  Alex- 
ander left  two  of  liis  five  children,  Lucretia  and  Ctesar 
Borgia,  of  hideous  memory,  demons  in  human  form,  to 
distribute  arsenic  in  all  directions.  About  this  time  arose 
the  famous  Council  of  Ten  of  Venice,  spreading  murder 
abroad  largely  through  the  agency  of  an  adept  in  the  use 
of  arsenic,  de  Ragubo,  the  Franciscan. 

A  century  later  makes  us  acquainted  with  the  cele- 
brated "  Acqua  TofEana,"  vs^hich  probably  consisted  of  a 
solution  of  arsenic  trioxlde  in  aqua  cymbalarla,  to  which  a 
small  amount  of  tincture  of  cantharides  was  added.  The 
woman  TofEana,  living  in  Palermo  and  Naples,  discoverer 
and  dispenser  of  this  liquid,  Is  credited  with  the  death  of 
over  five  hundred  victims.  Including  several  crowned 
heads  and  two  popes.  While  she  practised  her  nefarious 
trade  for  years  unsuspected,  the  Acqua  TofEana  struck 
terror  throughout  all  Italy,  and  even  throughout  France 
and  Austria.  After  her  detection  she  fled  for  safety  to  a 
convent,  where  for  twenty  years  longer  her  horrible 
trade  flourished  in  secret.  Upon  her  final  detection  and 
execution  La  TofEana's  clients  were  supplied  with  the 
arsenical  fluid  by  Spara,  who  had  obtained  the  secret  of 
Its  preparation  from  TofEana.  Spara  sold  her  prepara- 
tions under  a  variety  of  other  names,  as,  for  example, 
"Manna  dl  S.  Nicolas  di  Barl,"  "Acquetta  dl  Napoli,"  i 
etc.  Since  Spara's  clients  seem  to  have  been  mostly  of 
the  middle  class,  records  are  lacking  as  to  the  extent  of 
her  criminal  practices.  TofEana  and  Spara  also  prepared 
and  dispensed  another  poison  even  more  potent,  in  which 
arsenic  was  combined  with  putrefactive  compoimds  (the 
arsenical  ptomai'ns  of  Selmi).  This  preparation,  sold 
under  the  name  of  "Acquetta  dl  Peruzia,"  was  prepared 
by  sprinkling  the  viscera  of  a  freshly  killed  pig  with 
white  arsenic,  hanging  them  up  and  then  collecting  lu  a 
vessel  the  drippings  of  the  putrefying  material. 

France  now  became  the  theatre  of  the  great  arsenical 
crimes  of  history  through  Catherine  de  Medici,  who 
brought  with  her  to  France  arch  poisoners  from  her  na- 
tive land.  The  court  of  Louis  XIV.  was  fairly  smoth- 
ered in  crime.  Among  the  hundreds  of  petty  poisoners 
two  remarkable  women,  doubtless  the  greatest  criminals 
France  has  ever  seen,  stand  head  and  shoulders  above  the 
rest.  The  first  of  these,  Marguerite  d'Aubray,  Marquise 
de  BrinvUllers,  angelically  beautiful,  with  winning  voice 
and  saint-like  appearance,  yet  addicted  to  unspeakable 
vices  from  a  child  up,  had  been  taught  the  methods  of 
mixing  arsenic  with  foods  and  beverages  by  her  para- 
mour Saint  Croix.  This  woman  had  set  her  heart  upon 
Inheriting  the  family  estate,  and  to  gain  her  end  It  be- 
came necessary  to  cause  the  death  of  her  father,  brothers, 
and  sister.  In  order  to  accomplish  this  she  obtained  en- 
trance to  the  great  hospitals  of  Paris  under  the  guise  of  a 
Sister  of  Mercy.  Here  as  a  nurse  she  administered 
arsenic  with  food  and  medicine,  noted  the  effects,  going 
each  day  to  the  internes  to  learn  the  progress  of  the  dis- 
ease. Finding  that  her  practices  were  unsuspected  and 
undetected,  she  carried  her  experiments  still  further  by 
giving  arsenic  In  food  to  the  poor  who  called  at  her  door, 
dosing  her  servants  and  visiting  the  hospitals  to  which 
they  were  taken  in  order  to  learn  the  effect.  Having  at 
last  satisfied  herself  that  she  knew  the  dose  and  the  rate 
at  which  the  poison  should  be  administered,  she  pro- 
ceeded with  the  execution  of  her  long-planned  crime. 
During  a  period  of  over  eight  months  she  administered 
arsenic  to  her  father,  thirty  times  by  her  own  hands  and 
a  number  of  times  by  a  servant.  At  the  end  of  this 
period  the  murder  was  accomplished  by  giving  a  double 
dose.  In  a  like  manner  she  disposed  of  two  brothers 
and  attempted  the  life  of  her  sister.  If  her  servants 
displeased  her,  a  little  arsenic,  carefully  dispensed,  put 
them  out  of  her  way.  It  has  been  impossible  to  ascer- 
tain the  number  of  her  victims,  so  cunningly  did  she 
work.  Not  only  did  she  use  arsenic  trioxide  alone,  but 
also  a  carefully  compounded  mixture  of  this  substance 
with  mercuric  chloride.  Her  crimes  being  discovered 
upon  the  death  of  Saint  Croix,  she  was  tried,  found 
guilty,  and  executed  in  July,  1676.    Thus  It  was  that 


the  Marquise  do  Brinvilliers  invented  the  infamous 
"poudre  de  succession,"  which  In  the  hands  of  the  sec- 
ond of  the  women.  La  Voisin  and  her  accomplices,  liter- 
ally powdered  Paris  and  part  of  France  with  arsenic. 

The  revolting  story  of  La  Voisin  is  foreign  to  the  topic 
under  discussion.  Sufiice  it  to  say  that  the  poison  she 
dispensed  was  generally  white  arsenic ;  but  what  is  note- 
worthy, is  that  she  followed  the  de  Brinvilliers'  method, 
which  had  been  experimentally  developed,  namely,  slow 
poisoning.  Poisoning  became  such  an  epidemic  in 
Prance,  following  the  publicity  of  these  cases,  that  the 
notorious  special  court  (La  Chambre  ardente — Court  of 
Poisoners)  was  established.  This  body  proceeded  so  per- 
severingly,  thoroughly,  and  mercilessly  that  since  1682 
there  have  been  no  systematic  poisonings  by  professional 
poisoners,  clubs,  or  bands.  It  has  been  recently  stated 
that  in  modern  times  no  Locusta,  Toffana,  nor  de  Brin- 
villiers can  exist,  that  the  Illness  of  the  victims  would 
promptly  be  diagnosed  as  arsenical  poisoning  and  the 
criminal  discovered.  Unfortunately,  this  belief  Is  not 
justified,  for  there  are  many  cases  which  demonstrate 
tliat  slow  poisoning  by  arsenic  is  not  readily  diagnosed. 
Take,  for  example,  the  case  of  the  monomaniac  Hel^ne 
Jegado,  who  from  1833  to  1853  poisoned  some  47  per- 
sons, about  30  of  whom  died,  all  of  arsenic  poisoning ;  or 
again  there  is  the  woman  Van  der  Linden,  who  In  1887, 
acting  as  a  nurse  and  at  the  same  time  agent  for  an  acci- 
dent insurance  company,  poisoned,  or  attempted  to  poi- 
son, 103  persons.  Twenty-seven  died;  47  were  made 
seriously  111.  As  a  nurse  she  dosed  her  victims,  in  whose 
names  she  herself  had  made  out  policies.  In  due  time 
she  collected  from  the  company  the  amount  of  the  policy 
for  illness  or  death.  So  carefully  did  she  proceed  that 
the  illness  of  her  victims  was  not  diagnosed  asarsenicism. 
Again,  take  the  cases  of  great  mass-polsonlng  by  wine 
containing  arsenic  at  Hyferes  in  1887,  due  to  the  cir- 
cumstance that  a  wine  merchant,  with  the  Intention  of 
plastering  his  wine,  had  dropped  into  the  fermentation 
vat  by  mistake  a  quantity  of  white  arsenic.  There  were 
over  400  victims  and  4  deaths.  All  sorts  of  diagnoses 
were  made  by  the  physicians,  and  it  was  not  until  many 
months  afterward  that  the  true  cause  was  discovered. 
Similar  errors  were  made  in  1900-03  In  the  famous  beer 
poisonings  iu  Great  Britain.  In  this  epidemic  there  were 
over  4,000  victims  and  300  deaths.  The  first  cases  of  Ill- 
ness were  reported  in  the  latter  part  of  April  and  early  in 
May,  but  it  was  not  until  the  following  November,  seven, 
months  later,  that  the  proper  diagnosis  of  arsenical  poi- 
soning was  surely  established,  and  it  was  shown  that  the 
trouble  came  from  impure  sulphuric  acid  used  for  the  in- 
version of  sugar  and  starch,  which  materials  under  the 
Gladstone  bill  could  be  used  for  the  manufacture  of  beer. 

Within  a  few  months  two  cases  of  slow  poisoning  by 
arsenic  have  come  to  the  author's  attention.  In  each  of 
which  the  attending  physician  failed  properly  to  diag- 
nose the  illness.     One  of  these  cases  was  homicidal. 

The  lessons  to  be  drawn  from  the  historical  cases  and 
others  cited  above  seem  quite  plain.  The  physical  diag- 
nosis of  subacute  or  chronic  arsenical  poisoning  is  often 
uncommonly  dlfHoult. 

Most  Important  Compounds  with  Refebbncb  to 
Poisonings. — Arsenic  trioxide,  AsjOa  (synonyms:  ar- 
senious  acid,  arsenious  anhydride,  white  arsenic,  arsenic, 
ratsbane,  rough-on-rats,  etc.)  exists  In  two  allotroplc 
modifications,  the_  amorphous  and  the  crystalline.  The 
crystalline  form  is  of  a  dead  white,  opaque,  and  porce- 
laln-llke  appearance ;  the  amorphous,  on  the  other  hand, 
is  clear,  transparent,  and  glass-like,  and  for  this  reason 
is  often  termed  vitreous,  and  has  a  tendency  to  pass 
slowly  into  the  crystalline  state.  Because  of  this  change, 
commercial  samples  of  lump  white  arsenic  arc  mixtures 
of  the  two  modifications.  Save  in  India,  where  It  is  some- 
times colored  yellow  with  cow's  urine,  arsenic  trioxide 
occurs  in  commerce  as  a  heavy  white  powder,  or  In  the 
form  of  opaque  white  lumps,  which  when  broken  show 
a  transparent  glassy  centre.  The  solubility  of  the  com- 
mercial samples  varies  within  quite  wide  limits ;  this  Is 
due  to  the  fact  that  the  solubility  of  the  two  modifica- 
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-tions  of  AS.O3  are  different,  that  of  the  pure  crystallme 
beine  about  1  in  350  of  water  at  15°  C,  and  that  ot  the 
pure  amorphous  1  in  108.  Cooled  from  boiling,  1  part 
in  45  of  the  crystalline  remains  in  solution  and  1  part  in 
80-of  the  amorphous.  No  two  observers  agree,  however, 
as  to  the  solubility  of  As^Oa.  . 

Arsenites— All  the  samples  of  commercial  dry  arsenite 
of  sodium  and  of  potassium  which  have  been  examined 
by  the  author  seem  to  correspond  most  closely  to  the 
formulas  NaAsOa  and  KAsO,.  Their  solubility  in  water 
is  quite  variable,  but  is  always  much  greater  than  that 
of  the  trioxide.  The  majority  of  cases  of  poisoning  from 
alkaline  arsenites  have  been  from  the  medicinal  prepara- 
-tions  of  these  salts,  such  as  Fowler's  solution,  etc.  Only 
a  very  few  of  these  cases  have  been  criminal. 

Arsenates.— These  salts  correspond  to  the  general  for- 
mula RsAsO,.  They  are  of  little  toxicological  interest 
save  for  the  fact  that  arsenic  acid  has  been  largely  used 
in  certain  industries  (e.g.,  manufacture  of  aniline  dyes) 
as  an  oxidizing  agent,  and  the  products  placed  on  the 
market  in  an  impure  condition  contain  arsenic  in  enor- 
mous quantities. 

Sulphides  of  Arse7iic.—The  disulphide,  As^Sj,  occurs  m 
nature  as  realgar,  and  was  known  to  the  ancients  under 
the  name  sandarac  or  sandaracque.  Realgar,  both  the 
mineral  and  the  artificial  compound,  has  been  used  as  a 
pigment,  in  pyrotechnics,  etc.  The  trisulphide,  AS2S3, 
long  known  as  the  mineral  orpiment  or  auripigment,  has 
had  a  variety  of  commercial  uses.  It  was  formerly  used 
in  printing,  in  tanning  as  a  depilatory,  in  medicine,  as  a 
pigment,  etc.  The  pentasulphide,  AsjSb,  is  of  no  medi- 
cinal importance.  All  the  sulphides  met  with  in  com- 
merce are  amorphous  yellow  powders,  varying  in  color 
from  a  light  lemon  yellow  to  a  deep  golden  or  even 
orange  tint.  When  pure  they  are  insoluble  in  water, 
bence  their  toxicity  is  very  low.  Some  authorities  hold 
that  the  pure  sulphides  are  not  poisonous.  Experimen- 
tal evidence  shows,  however,  that  these  compounds  are 
acted  upon  by  the  fluids  of  the  body,  and  that  arsenic  is 
resorbed.  Doubtless  a  long  sojourn  of  these  sulphides  in 
the  alimentary  canal  wouW  lead  to  serious  results.  The 
commercial  sulphides  are  invariably  violent  poisons,  since 
they  contain  arsenic  trioxide,  sometimes  to  the  extent  of 
as  much  as  thirty  per  cent.  Le  Prince  and  Chabenat 
report  the  case  of  a  young  girl  who  used  an  ointment 
•consisting  of  65  parts  of  butter  and  35  parts  of  orpiment 
as  a  dressing  for  a  tumor  of  the  breast.  Acute  arsenic 
poisoning  resulted,  with  death  on  the  fifth  day  after  the 
application  of  the  dressing.  As  a  depilatory,  orpiment 
has  been  used  from  earliest  times.  It  was  a  mixture  of 
■orpiment  with  lime  or  chalk,  which  was  used  by  the  an- 
cients for  the  removal  of  the  pubic  hairs — a  practice  said 
to  be  still  extant,  at  least  in  the  case  of  women,  in  cer- 
tain Mussulman  tribes  of  the  East. 

Cases  of  poisoning  from  organic  compounds  of  arsenic 
Lave  not  yet  been  reported,  if  we  except  those  due  to  the 
notorious  Acquetta  di  Peruzia.  But  considerable  experi- 
mental work  has  been  done  on  animals  with  kacodyl, 
kacodylic  acid,  diphenylarsine,  monophenylarsiue,  arsen- 
■dimethylcyanide,  etc. 

Coloring  matters,  pigments,  containing  arsenic,  are  re- 
■sponsible  for  a  large  percentage  of  cases  of  poisoning, 
both  acute  and  chronic.  Scheele's  green  (synonym- 
mineral  green,  Swiss  green)  is  copper  arsenite  of  somewhat 
variable  composition.  It  is  insoluble  in  water,  and  cor- 
responds to  the  formulas  CuHAsOa  or  CusCAsOajsaH^O. 
This  beautiful  compound  is  used  as  a  pigment  in  paint- 
ing, printing,  etc.,  and  as  an  insecticide.  Paris  green 
{synonyms:  Vienna  green,  mitis  green,  Schweinfurter 
green)  is  a  double  salt,  copper  aceto-arsenite,  correspond- 
ing to  the  formula  Cu  (As204)3,Cu(C2HsO!)2.  The  com- 
mercial product  is  of  variable  composition  according  to 
the  method  employed  in  its  manufacture.  It  is  now  used 
in  enormous  quantities  as  an  insecticide;  rarely  as  a  pig 
ment  in  painting,  coloring,  etc.  Aniline  dyes  of  the  rose- 
aniline  group,  which  have  been  made  by-the  old  arsenical 
process,  usually  contain  arsenic  in  large  amount.  The 
most  important  of  these  are  the  magentas  and  reds,  but 
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the  blues,  violets,  purples,  etc. ,  may  also  be  arsenical.  In 
fact,  it  may  be  said  that  there  is  scarcely  a  shade  which 
cannot  be  obtained  by  blending  arsenic-containing  dyes. 
Practically  all  the  m"anufacturers  of  aniline  dyes  have 
now  abandoned  the  arsenical  process,  but  the  author  is 
informed  that  there  is  still  one  firm  in  New  York  State 
that  uses  arsenic  acid  in  the  preparation  of  fuchsin. 
Closely  related  to  the  aniline  dyes  are  the  arsenical  lakes, 
such  as  Cochineal  red,  Vienna  red,  etc.  King's  yellow 
consists  of  impure  arsenic  trisulphide,  hence  is  essen- 
tially orpiment.  It  often  contains  eighty  to  ninety  per 
cent.  AS2O3.  Mineral  blue,  a  pigment  in  which  copper 
arsenite  and  potassium  arsenite  enter  in  about  equal 
parts,  contains  about  thirty -nine  per  cent,  arsenic. 

Arsenical  insecticides  are  responsible  for  a  large  number 
of  deaths,  accidental,  suicidal,  and  criminal.  Of  these 
substances  the  most  important  is  Paris  green.  Its  com- 
position and  quality  are  now  controlled  by  statutory  en- 
actment in  several  States  of  the  Union.  When  sold  as 
an  insecticide  the  statutes  call  for  a  product  containing 
combined  arsenic  in  an  amount  which  shall  be  not  less 
than  fifty  per  cent,  calculated  as  AS2O3,  not  over  four 
per  cent,  of  which  shall  be  soluble  in  cold  water.  Most 
of  the  cases  of  poisoning  by  this  material  occur  in  the 
United  States  and  in  Russia.  London  purple  (synonyms : 
English  purple,  Paris  purple),  formerly  much  used,  is 
obtained  by  treating  a  by-product  of  the  aniline  dye  in- 
dustry with  lime.  The  arsenic  is  present  both  as  calcium 
arsenite  and  as  calcium  arsenate,  the  latter  in  excess  of 
the  former.  Calculated  as  arsenic  the  average  amount 
present  in  London  purple  is  about  twenty -nine  per  cent. 
Arsenoids,  substitutes  for  Paris  green,  have  been  pla,ced 
on  the  market  in  recent  years.  Green  arsenoid  contains 
on  an  average  about  sixty  per  cent.  AS3O3,  and  has  been 
incorrectly  called  Scheele's  green.  White  arsenoid  con- 
tains barium  arsenite ;  thirty -three  per  cent,  of  the  arsenic 
present  is  water-soluble.  Para  green  is  a  mixture  of 
Paris  green  with  about  thirty-six  per  cent,  gypsum. 
Laurel  green  consists  essentially  of  calcium  arsenite  (thir- 
teen per  cent.),  gypsum,  calcium  carbonate,  and  magne- 
sum  carbonate. 

Vermin  Killers. — Of  the  many  arsenical  poisons  on  the 
market  for  the  jjurpose  of  destroying  rats,  mice,  etc., 
only  one  needs  discussion,  i.e.,  rough-on-rats.  This 
preparation  has  been  employed  in  many  crimes  in  the 
United  States  and  consists,  .of  arsenic  trioxide  about 
seventy-two  percent.,  barium  carbonate  twenty-six  per 
cent.,  sand  two  per  cent.,  with  usually  a  little  carbon  to 
color  it.  In  case  of  a  question  of  poisoning  by  this  ver- 
min killer,  barium  should  always  be  searched  for.  The 
author  has,  however,  in  his  possession  a  sample  of  this 
material  purchased  some  years  ago  which  contains  no 
barium. 

Arsenic  in  Foods,  Beverages,  etc. ,  occurs  (1)  as  a  preser- 
vative, (3)  in  coloring  matter  added,  or  (3)  as  an  acciden- 
tal impurity.  In  official  reports  issued  by  the  German 
Government  the  claim  is  made  that  there  are  annually 
exported  from  the  United  States  to  European  ports  enor- 
mous quantities  of  dried  apples  which  have  been  treated 
with  weak  arsenical  solutions  to  preserve  them  from  de- 
cay and  from  the  attacks  of  insects.  Moscow,  Russia, 
suffered  severely  some  years  ago  from  a  cholera-like 
epidemic,  the  cause  of  which  was  eventually  traced  to 
sturgeon  flesh  which  had  been  sprinkled  with  white 
arsenic  to  arrest  decomposition.  The  addition  of  arseni- 
cal colors  to  foods  and  beverages  has  given  rise  to  a  large 
number  of  cases  of  arsenical  poisoning.  Sausage,  jellies, 
preserved  fruit,  wines,  fruit  syrups,  confectionery,  'cakes, 
etc.,  have  all  been  found  to  have  caused  trouble.  Usu- 
ally this  has  been  due  to  arsenical  aniline  dyes,  but  in  a 
few  instances  Paris  green  has  been  present.  Accidents 
arising  from  the  presence  of  arsenic  as  an  impurity  in 
some  product  used  in  the  manufacture  of  the  food  or  bever- 
age are  usually  confined  to  beers,  ales,  or  glucose  prepara- 
tions. While  we  are  considering  poisonous  food  mate- 
rials, the  fact  must  not  be  overlooked  that  cattle  feeding 
m  the  neighborhood  of  industries  throwing  out  arsenic 
may  become  poisoned  or  else  relatively  immune  from 
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habitual  use,  and  their  flesh  when  eaten  by  man  may 
lead  to  very  serious  results.  The  same  Jiolds  true  for 
inilk  secreted  by  an  animal  which  has  taken  arsenic  into 
its  system. 

Arsenic  in  Colored  Papers,  Inks,  Clothing,  eic— Many 
cases  of  very  serious  chronic  arsenical  poisoning  have 
been  traced  to  these  sources.  A  decade  ago  the  amount 
•of  highly  arsenical  wall  papers  was  appalling,  and  in 
flpite  of  the  denial  of  eminent  chemists  and  hygienists, 
the  evidence  is  such  that  chronic  poisoning  from  arseni- 
cal wall  papers  must  be  accepted  as  an  established  fact, 
providing  that  the  room  so  papered  is  small,  damp,  and 
ill  ventilated,  and  the  alleged  victim  spends  much  time 
in  the  room.  Contrary  to  popular  opinion,  green-tinted 
papers  are  rarely  arsenical;  those  which  have  caused 
trouble  in  the  United  States  have  almost  invariably  been 
tinted  in  shades  of  red.  In  an  investigation  conducted 
by  the  author  some  years  ago  upon  an  undoubted  case  of 
arsenicism  from  wall  paper,  it  was  found  that  over  ninety 
per  cent,  of  the  red  and  maroon  papers  obtainable  of  the 
same  date  of  manufacture  as  that  on  the  walls  of  the 
room  were  highly  arsenical.  Many  samples  of  wall  pa- 
pers manufactured  within  the  last  six  years  have  since 
teen  examined,  but  none  of  these  modern  papers  have 
tlius  far  been  found  which  contain  more  than  mere  traces 
•of  arsenic.  In  all  probability  the  cause  of  arsenicism 
from  wall  papers  is  largely  due  to  the  formation,  by 
moulds  and  bacteria,  of  arsine  and  of  a  volatile  organic 
arsenic  compound.  This  jDcculiar  action  is  so  well 
marlied  in  the  case  of  Penicillium  brevicaude  that  advan- 
tage is  taken  of  the  fact  for  the  purpose  of  testing  for 
the  presence  of  arsenic.  Mucor  mucedo,  Aspergillus  glau- 
cous, Aspergillus  virescens  also  possess  this  same  property, 
tout  to  a  less  degree.  Colored  papers  other  than  wall 
papers  have  also  given  rise  to  poisoning :  as,  for  exam- 
ple, the  chewing  of  such  papers  by  children,  the  moisten- 
ing with  the  tongue  of  many  colored  gummed  labels. 
In  1889  several  cashiers  in  German  banks  were  poisoned 
through  handling  with  moistened  fingers  large  numbers 
•of  Swiss  banknotes  printed  with  arsenical  ink.  Several 
•cases  are  on  record  of  poisoning  from  using  copying  inks, 
typewriter  ribbons  and  indelible  pencils  made  with 
arsenical  aniline  dyes.  Graffsky  has  described  several 
very  serious  cases  of  chronic  poisoning  from  handling 
<;olored  chalk  in  one  of  the  schools  of  Germany.  A  vio- 
let-colored crayon  was  found  to  contain  over  seven  per- 
cent, arsenic.  Clothing  dyed  with  impure  aniline  colors 
has  been  the  cause  of  many  a  sad  case  of  illness.  These 
cases  have  usually  been  caused  by  such  wearing  apparel 
as  comes  in  direct  contact  with  the  skin,  such  as  stock- 
ings, trousers,  waists,  etc.  In  Germany  copper  arsenite 
has  been  used  for  coloring  tarlatan  and  several  cases  of 
serious  poisoning  have  resulted  therefrom.  Two  of  the 
most  striking  cases  of  arsenical  paralysis  with  which  we 
are  acquainted  were  due  to  green  tarlatan  ball  gowns. 
Zinreck  states  that  he  found  in  twenty  yards  of  this 
material  used  for  a  ball  gown  300  gm.  of  Paris  green. 

Medicinal  preparations  have  given  rise  to  poisoning, 
•either  from  overdosage  or  because  of  the  presence  of 
arsenic  as  an  impurity  in  the  substance  administered,  as, 
for  example,  in  bisinuth  subnitrate  and  other  bismuth 
preparations,  sodium  phosphate,  glycerin,  chloroform, 
phosphoric  acid,  sulphuric  acid,  etc.  For  the  composi- 
tion and  dosage  of  arsenical  medicines,  see  Arsenic,  Vol. 
I.,  of  Rbfbkence  Handbook. 

Industrial  poisoning  by  arsenic  is  by  no  means  rare,  for 
in  a  large  number  of  industries  the  workmen  are  exposed 
to  compounds  of  this  element  in  one  form  or  another.  In 
the  following  table  will  be  found  a  list  of  trades  or  arti- 
cles manufactured  which  are  credited  with  cases  of 
arsenicism,  and  a  brief  statement  of  the  cause  of  the 
illness. 


Name  of  Industry  or  Article 
Manulactured. 
Paints  in  whicli  the  basis  is  orpi- 
ment,  copper  arsenites,  mineral 
blue,  etc. 
White  enamel  glass,  stained  glass 
and  certain  other  glasses. 


Causes  ol  Poisoning. 
Arsine,  arsenical  dust. 

Arsine,  arsenical  dust. 


Name  of  Industry  or  Article 
Manufactured. 
Copper,  cobalt,  nickel,  zinc,  tin. 

Copper  refined  in  the  wet  way. 

Hydrogen  for  balloons,  limelights, 
when  made  from  iron  or  zinc 
and  an  acid. 

Phosphoric  acid. 

Sulphur  and  allied  industries. 

Arsenic  and  arsenical  prepara- 
tions. 

Galvanized  Iron,  tinned  iron. 
Zinc  chloride. 

Copperas  (ferrous  sulphate). 
Aniline   dyes   by   the    arsenical 

method. 
Artificial  flowers,  leaves,  etc. 

Stuffed  animals,  birds,  preparation 
of  natural  history  specimens. 

Bird  shot  (arsenic  used  to  harden 

the  lead). 
Aniline  from  nitrobenzene. 
Indigo  blue. 
Embalming  fluids. 

Preservation  of  wood. 
Wall  papers,  colored  papers. 


Causes  of  Poisoning. 

Arsenic  dust  in  air  from  roasting 

arsenical  ores. 
Arsine. 
Arsine. 


Arsenic  trioxide. 

Arsenical  dust,  arsine. 

Arsenical  dust  in  mines,  charging 

and  emptying  retorts,  bandllDg 

products. 
Arsine. 
Arsine. 
Arsine. 
Arsenic  acid,  arsenous    acid   in 

dust,  in  air  or  on  hands. 
Arsenical  pigments  or   dyes  by 

contact,  or  in  dust  in  air. 
Arsenic  trioxide.  arsenical   soap 

and  fluids  absorbed  by  hands  or 

in  dust. 
Arsenical  dust. 

Arsine. 

Arsine. 

Arsenic  trioxide,  arsenites  of  so- 
dium, potassium  calcium. 

Arsenical  dust. 

Arsenical  dyes  and  pigments  in 
dust  or  by  handling. 

Channels  of  Introduction. — ^Accidental  poisonings  are 
the  result  of  swallowing  the  poisonous  material,  breath- 
ing arsine  or  arsenical  dust,  or  occasionally  absorption 
through  wounds  or  through  the  sound  skin.  But  in 
criminal  cases  every  conceivable  channel  has  been  used, 
the  usual  mode  of  introduction  being  in  food  or  drink. 
A  number  of  cases  are  recorded  in  which  the  poison  has 
been  administered  to  the  victims  by  enemas  or  vaginal 
douches.  The  legend  that  Ladislas,  King  of  Naples,  met 
his  death  in  1414  by  arsenic  introduced  into  the  vagina  of 
his  mistress  by  a  jealous  courtier,  and  that  Calpurneus 
murdered  his  wives  by  digital  introduction  of  arsenic 
into  the  vagina  are  probably  not  mere  myth  and  fiction, 
for  we  find  several  modern  imitators  of  Calpurneus.  In 
one  instance  the  arsenical  material  was  introduced  by 
placing  the  poison  under  the  prepuce,  and  introducing  it 
into  the  vagina  in  this  manner,  so  as  to  avoid  all  danger 
of  detection.  In  another  instance  three  wives  were  suc- 
cessively murdered  by  placing  in  the  vagina  a  mixture 
of  flour  and  arsenic  trioxide.  Experiments  on  animals 
have  shown,  beyond  the  possibility  of  a  doubt,  that  death 
may  result  from  arsenical  poisoning  through  such  an  in- 
troduction of  the  poison  into  the  body.  A  few  cases  are 
found  in  which  arsenical  vapors  have  been  employed 
with  criminal  intent,  as  for  example  the  vaporization  of 
arsenic  trioxide  and  the  roasting  of  arsenical  pyrites  in  a 
room. 

Fatal  Dose. — Brouardel's  investigations  have  shown 
that  the  toxicity  of  arsenic  varies  according  to:  (1)  The 
method  of  administration ;  (2)  the  kind  and  age  of  ani- 
mal ;  (3)  the  nature  of  the  food  material  present  in  the  ali- 
mentary canal.  Owing  to  the  fact  that  some  persons 
have,  to  a  certain  degree,  a  natural  or  acquired  resistance 
to  arsenic  it  is  difficult  arbitrarily  to  set  any  definite 
figure  as  representing  a  fatal  dose.  Moreover,  when  the 
stomach  contains  a  large  amount  of  fatty  material  a  huge 
dose  can  apparently  be  ingested  without  fatal  results.  It 
is  to  be  sai(l  in  this  connection  that  a  very  large  dose  is 
seldom  as  dangerous  as  one  consisting  of  close  to  what 
may  be  said  to  be  the  normal  fatal  dose,  for  the  reason 
that  vomiting  is  apt  to  be  immediate  and  the  poison  is 
removed  at  once  without  having  undergone  resorption. 
For  AS2O3  the  toxic  dose  for  man  can  be  set  as  lying  be- 
tween 5  mgm.  and  50  mgm.  (0.07-0.77  grain),  and  the 
fatal  dose  100-300  mgm.  (1.54-4.63  grains).  For  Paris 
green  the  doses  are  probably  somewhat  higher  than  twice 
these  quantities.  The  above  figures  refer  to  per-os  ad- 
ministration. When  the  poison  comes  in  direct  contact 
with  the  blood,  as  for  example  through  wounds,  the 
abraded  skin,  or  the  direct  introduction  into  the  body  by 
some  sharp  instrument,  it  is  about  ten  times  as  active. 
Rouyer  has  attempted  to  calculate  the  toxic  and  fatal 
doses  on  the  basis  of  the  amount  of  poison  resorbed  rather 
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than  the  total  amount  taken.  According  to  his  experi- 
ments and  calculations  0.6  mgm.  AsjOa  resorbedper  kilo- 
gram body  weight  will  give  rise  to  serious  symptoms; 
2.5  mgm.  per  kilogram  may  cause  death  in  twenty -four 
to  twenty -five  hours,  while  3  mgm.  per  kilogram  will 
always  cause  death  in  about  eight  hours.  It  would  seem 
that  Rouyer's  figures  are  probably  too  high,  for  they 
would  require  the  resorption  of  about  300  mgm.  to  cause 
the  death  of  a  man  of  average  weight.  The  actual  dose 
to  be  ingested  would  therefore  be  considerably  higher. 

In  the  case  of  animals  we  find  great  variation  in  the 
intensity  of  the  action  of  arsenical  compounds,  not  only 
with  respect  to  species,  but  also  in  different  individuals 
of  the  same  species.  Von  Gohier  has  seen  a  horse  remain 
to  all  appearances  in  good  health  after  a  dose  of  30  gm. 
of  arsenic  trioxide,  while  on  the  other  hand  3  gm.  has 
caused  death.  Not  only  do  we  have  this  variability  of 
action  on  different  individuals,  but  veterinarians  are  fair- 
ly well  agreed  that,  particularly  in  the  case  of  cattle  and 
sheep,  an  animal  may  at  one  time  stand  a  dose  as  high  as 
30-30  gm.,  while  the  same  identical  animal  will  suffer 
severe  illness  from  5  gm.  at  another  time.  The  follow- 
ing table,  while  necessarily  more  or  less  arbitrary,  can  be 
taken  as  probably  as  nearly  in  accord  with  experimental 
data  as  is  possible  with  our  present  knowledge. 


Homed  cattle 

Horses 

Sheep,  goats . 

Swine 

Dogs 

Fowl 

Pigeons  


Fatal  Dose. 


When  taken  internally. 


10.0  to  30.0  gm. 

10.0  to  35.0  gm. 

5.0  to  15.0  gm. 

.5  to   I.O  gm. 

.1  to      .2  gm. 

.1  to      .15  gm. 

.05  to      .1  gm. 


When  by  wounds. 


3.0  gm 

3.0  gm. 

.2  gm, 

.3  gm. 

.03  gm, 

.01  gm, 
.005  gm. 


It  will  be  seen  from  the  above  that  sheep  and  goats  are, 
per  kilogram  weight,  remarkably  resistant.  A  similar 
resistance  is  frequently  met  with  in  certain  dogs. 

Habitual  Use,  Tolerance,  Arsenicophagia. — Aside  from 
certain  species  of  fungi  and  bacteria,  arsenical  com- 
pounds are  toxic  to  all  other  forms  of  life.  But  by  re- 
peated small  doses  a  certain  immunity  is  at  last  acquired, 
after  which  enormous  doses  can  be  swallowed  with 
impunity.  This  fact  was  known  in  most  ancient  times, 
for  we  are  told  that  Mithridates  (first  century  b.c),  who 
was  well  versed  in  the  poison  lore  of  his  time,  acquired 
immunity  in  this  manner  to  protect  himself  against  poi- 
soners. By  far  the  most  striking  cases  of  acquired  toler- 
ance are  to  be  found  among  the  mountaineers  of  Tyrol, 
Styria,  Carinthla,  the  Punjab,  and  in  some  parts  of  the 
mountain  ranges  of  South  America.  These  mountaineers 
start  taking  arsenic,  in  the  form  of  orpiment  or  the  tri- 
oxide, from  their  youth;  the  men  believing  that  it  en- 
ables them  to  endure  greater  fatigue,  wards  off  the  moun- 
tain sickness  and  makes  breathing  easier ;  the  women  in 
order  to  improve  their  complexion,  to  acquire  shining 
eyes,  a  rosy  tint,  and  a  well-rounded  form.  These 
arsenicophages  seem  to  enjoy  perfect  health  and  reach 
an  advanced  old  age.  They  exist,  however,  in  a  pseudo- 
normal  state,  for  the  suppression  of  the  daily  dose  of 
arsenic  leads  to  serious  illness.  The  majority  never  reach 
a  very  high  daily  consumption  of  the  drug,  but  instances 
are  not  lacking  in  which  the  amount  taken  daily  reaches 
300-400  mgm.  We  also  have  proof  positive  that  certain 
individuals  have  taken  this  same  amount  at  a  single  dose 
without  suffering  any  inconvenience  thereby.  This 
tolerance  and  habit  seem  in  many  cases  to  be  hereditary. 
A  somewhat  similar  resistance  is  met  with  in  patients 
who  have  been  subjected  to  arsenical  treatment  with  in- 
creasing dosage.  After  a  time  considerably  over  the 
maximum  dose  is  tolerated.  In  Europe  and  in  America 
certain  waters  are  found  containing  arsenic.  These 
waters  have  been  long  used  by  the  inhabitants  of  the 
district,  but  no  evil  effects  have  been  reported. 
The  administration  of  arsenic  to  horses  by  grooms  in  i 
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increasing  doses  has  been  practised  for  many  years,  espe- 
cially in  England,  the  object  being  to  improve  the  ani- 
mal's coat,  aid  the  assimilation  of  food,  and  to  give  theni 
a  plump,  well-rounded  appearance.  The  arsenic  is  either 
mixed  with  the  food  or  is  tied  in  a  tiny  piece  of  cloth 
and  attached  to  the  bit.  This  latter  procedure  results  in 
the  production  of  a  slight  salivation  and  the  appearance- 
of  white  foam  about  the  mouth,  the  animal  holding  its- 
head  erect  and  champing  at  the  bit,  conditions  which  ar& 
supposed  to  indicate  a  spirited  animal.  Horses  subjected 
for  any  length  of  time  to  this  treatment  require  a  contin- 
uance of  the  daily  dose,  without  which  they  rapidly  los& 
flesh  and  condition. 

There  is  as  yet  no  satisfactory  explanation  for  tlie  ac- 
quired tolerance  of  arsenic.  The  theory  that  there  is  an, 
abnormal  rate  of  elimination  by  the  kidneys  is  not  well 
established,  and  is  insuflScient  to  account  for  all  the  facts. 

Symptoms.  Action.  — With  the  possible  exception  of 
the  gaseous  compounds  all  other  arsenical  substances  may 
be  said  to  have  a  like  action  on  man.  No  matter,  there- 
fore, in  what  form  arsenic  is  administered  the  symptom* 
observed  will  not  differ  to  any  appreciable  extent. 
These  symptoms  can  be  grouped  under  four  different 
heads.  Those  typical:  (1)  Of  a  mineral  acid — acidismus. 
(3)  Of  a  mineral  salt — metal  toxicosis.  (3)  Of  action  or» 
the  nervous  system :  (a)  splanchnic  paralysis,  resulting  in 
liypersemia  of  all  abdominal  organs ;  (J)  neuritis.  (3)  Of 
inflammation  of  the  intestinal  tract  and  of  fatty  degene- 
ration, especially  of  the  heart.  The  result  of  the  inges- 
tion of  the  poison  may  lead  to  either  acute  or  chronic  poi- 
soning. In  acute  poisoning  it  is  possible  to  distinguish 
three  forms:  A  gastro-enteric  or  ordinary  form,  paralysia 
arsenicalis,  and  asphyxia  arsenicalis. 

Acute  Poisoning. — Ordinary  Form.  Soon  after  swal- 
lowing the  poison  the  victim  complains  of  a  disagreeable 
metallic  taste  in  the  mouth,  of  an  annoying  burning,  itch- 
ing, or  tickling  dryness  of  the  throat,  there  being  usually 
frequent  spitting  and  more  or  less  salivation.  This  Is- 
generally,  but  not  always,  followed  by  pain  in  the  upper 
part  of  the  alimentary  canal  which  gradually  passes, 
downward,  increasing  in  severity.  Inmost  eases  in  from 
one  to  two  hours,  rarely  later,  after  swallowing  the  poi- 
son, nausea,  vomiting,  and  purging  set  in.  In  the  event 
of  Paris  green  being  taken,  vomiting  sets  in  at  an  earlier 
stage  than  is  the  case  with  other  arsenical  compounds, 
Tlie  vomited  matter  may  be  streaked  with  blood,  or 
green  if  copper  compounds  are  present.  In  a  short  time 
the  stools  which  were  at  first  colored  with  bile,  become 
frequent  and  rice-water-like.  Usually  there  is  tenesmus. 
The  patient  finds  more  or  less  difficulty  in  swallowing, 
suffers  from  dizziness,  headache,  pains  in  the  limbs,  a 
burning  unquenchable  thirst,  and  often  a  distressing  hic- 
cough. The  abdomen  is  distended  and  is  painful  on 
pressure,  the  secretion  of  urine  is  diminished,  and  there 
may  even  be  anuria.  The  patient's  voice  becomes  hoarse, 
features  pale  and  haggard,  eyes  sunken,  skin  cold  and 
dry.  The  pulse  becomes  slow  and  weak;  respiration 
difficult  and  oppressed,  and  death  usually  takes  place 
in  fifteen  to  twenty -four  hours,  but  often  on  the  second 
day.  The  patient  is  ordinarily  conscious  to  the  last,  but 
there  may  be  coma,  paralysis,  or  convulsions.  If  death 
does  not  occur  before  tiie  second  or  tliird  day,  there  is- 
usually  an  apparent  general  improvement,  save  for  the 
persistence  of  the  dryness  of  the  mouth  and  severe  thirst. 
The  temperature  remains  about  normal  or  very  little 
above.  There  is  apt  to  be  extensive  erytliema  or  an  ery- 
sipelas or  oedematic  swelling  which  is  most  marked  on 
the  face  and  genitals,  but  there  are  patches  more  or  less, 
scattered  over  the  body.  There  may  be  falling  out  of 
the  hair.  Blebs  or  pustules  may  appear  on  various  parts 
of  the  body,  or  there  may  be  circumscribed  efflorescences. 
In  many  instances  recovery  is  diflicult  and  very  pro- 
tracted. Arsenical  applications  to  the  sensitive  skin 
ordinarily  give  rise  to  severe  dermatoses;  as,  for  example, 
arsenical  eczema  of  the  legs  and  thighs  from  contact  with, 
trousers  or  stockings  colored  with  arsenical  aniline  dyes. 
There  may  even  be  gangrene. 

Arsenical  paralysis  is  seen  in  both  acute  and  chronic 
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poisoning,  but  an  extensive  paralysis  is  rare.  Seisser  in 
the  famous  Wurtemberg  mass-poisoning  observed  only 
1  case  in  373.  Alexander  has  collected  the  records  of  55 
cases  of  arsenical  paralysis;  of  these  17  resulted  from 
chronic  arsenicism,  while  38  were  acute.  In  the  great 
mass-poisoning  in  Great  Britain  in  1900,  a.  very  large  pro- 
portion seem  to  have  been  troubled  with  paralytic  symp- 
toms. When  arsenical  paralysis  results  from  acute  poi- 
soning it  does  not  usually  appear  prior  to  the  fourth 
day,  or  even  the  end  of  the  first  week.  The  normal  ter- 
mination of  the  seizure  is  the  first  half  of  the  second 
week.  The  beginning  of  the  trouble  is  marked  by  pain 
and  paranesthesia ;  soon  there  is  numbness  of  the  hands 
and  feet,  extending  to  the  forearm  and  lower  leg ;  very 
rarely  is  the  paralysis  of  greater  extent.  Pain,  which  is 
seldom  absent,  may  be  very  severe  (aneesthesia  dolorosa); 
it  may  be  either  constant  or  intermittent.  The  paranajs- 
thesia  has  been  variously  designated  by  patients  as  a 
"sleepy,"  "furry,"  "itching,"  or  "tingling"  sensation. 
The  hands  and  feet  are  cold,  the  tactile  sense  is  disturbed 
as  well  as  the  temperature  sense,  cold  water  is  mistaken 
for  warm,  while  hot  water  is  not  recognized  as  such.  As 
a  rule  loss  of  motility  follows  in  a  few  days,  but  may  also 
occur  simultaneously  with  the  paramesthesia.  In  the 
majority  of  cases  the  patient  cannot  walk  or  stand  for 
weeks,  or  even  months,  after  the  attack,  but  occasionally 
the  effects  soon  disappear.  The  muscles  first  and  chiefly 
affected  are  the  extensors  and  abductors  of  the  toes,  later 
those  of  the  fingers,  and  finally  those  of  the  lower  and 
upper  limbs.  According  to  the  investigations  of  Imbert- 
Gonebeyre  the  paralysis  may  be  confined  to  the  knees 
and  elbows.  Following  the  paralysis  there  is  increasing 
muscular  atrophy,  which  may  reach  an  extraordinary 
degree  of  severity.  Von  Marik  has  described  a  case  in 
which  almost  all  the  body  muscles  were  affected. 

Paralysis  arsenicalis  may  be  confused  with  tabes,  alco- 
hol neuritis,  syringomyelitis,  etc. 

Asphyxia  arsenicalis  is  a  term  given  by  several  authori- 
ties to  rare  cases  of  exceptionally  acute  arsenic  poisoning 
with  unusually  rapid  death.  In  this  form  there  is  extraor- 
dinarily severe  intestinal  catarrh  with  vomiting,  diar- 
rhoea with  rice-water  stools,  tenesmus,  tonic  convulsions 
first  of  the  lower  limbs,  later  of  the  upper  limbs,  cyanosis 
and  death,  with  marked  paralysis  of  tlie  muscles  of  res- 
piration in  a  few  hours.  This  form  of  poisoning  bears 
a  striking  resemblance  to  cholera  asiatica  of  malignant 
type. 

Chronic  poiso-ning  is  seen  most  often  in  workmen  in  the 
metallurgical  industries,  in  dye  and  paint  works,  among 
taxidermists,  etc.  A  detailed  list  has  already  been  given. 
Hill  has  also  recorded  a  very  unusual  case,  the  alleged 
result  of  burning  gas  made  from  coal  very  high  in 
arsenic. 

According  to  Brouardel  and  Pouohet,  who  have  made 
one  of  the  most  careful  studies  of  arsenicism,  there  are 
four  distinct  phases  in  the  progress  of  the  disease.  These 
phases  correspond  quite  closely  to  the  grouping  given 
above  under  acute  poisoning,  but  are  more  marked.  The 
early  stages  of  the  disease  can  be  characterized  as  pro- 
tracted gastro-enteric  catarrh.  There  are  loss  of  appetite 
and  vomiting  of  mucus  and  bile.  Vomiting  and  pain 
may,  however,  be  absent.  The  patient  is  apt  to  suffer 
from  headache,  faintness,  irregularity  of  the  bowels,  de- 
pression, and  loss  of  sleep.  The  breath  is  fetid,  and  the 
perspiration  exhales  an  alliaceous  odor  like  that  of  arsine. 
There  is  great  emaciation.  Fever  and  oedema  may  or 
may  not  appear.  The  urine  is  albuminous,  contains 
hyaline  cylinders,  and  substances  reducing  Fehling's 
solution.  Sugar  is  rarely  present.  The  urine  contains 
arsenic,  and  on  standing  deposits  magnesium-ammonium 
arsenate.  A  common  accompanying  symptom  of  much 
diagnostic  value  is  obstinate  conjunctivitis,  together  with 
redness  and  burning  of  the  eyelids,  and  defective  tear 
secretion.  The  throat  and  nasal  passages  are  sometimes 
dry  and  irritated.  The  voice  is  hoarse.  There  may  be 
slight  cough,  which,  in  cases  arising  from  breathing 
arsenical  dust,  passes  into  more  or  less  severe  bronchitis. 
At  other  times  the  victims  suffer  from  an  influenza-like 


snufile  and  the  nasal  secretions  are  flecked  with  blood. 
Many  cases  of  arsenicism  have  been  diagnosed  as 
"grippe,"  "cold  in  the  head,"  etc.  The  skin  is  far  more 
severely  affected  than  in  acute  poisoning.  There  is 
generally  urticaria  or  an  erythematous  eruption,  or  des- 
quamation. Sometimes  papules  or  vesicles  form  on  the 
breast,  back,  and  face,  while  later  pustules  may  appear 
in  the  arm  pits,  upon  the  scrotum,  or  in  the  vulva.  Fre- 
quently the  face  takes  on  a  dusky  tint,  and  there  is 
marked  pigmentation  of  most  of  the  exposed  parts  and  the 
pressure  areas  of  the  body,  or  this  pigmentation  is  con- 
fined to  the  knees,  about  the  neck,  and  to  the  region  of  the 
stomach.  The  victim  appeal's  to  be  dirty.  So  dirt-like 
is  this  pigmentation  that  patients  upon  their  admission 
to  hospitals  have  been  given  several  successive  baths. 
The  hair  first  turns  gray,  then  falls.  There  may  be 
growths  on  the  nails;  the  latter  may  even  be  shed.  Hy- 
perkeratosis of  the  hands  and  feet  of  short  duration  is 
seen  in  not  a  few  cases.  Following  the  typical  symp- 
toms of  cachexia  and  muscular  atrophy  there  is  wasting 
away  of  the  muscles,  especially  of  the  lower  limbs, 
though  the  arms  may  also  be  affected  and  the  hands  be- 
come claw-like.  Icterus  is  neither  constant  nor  charac- 
teristic, yet  is  frequently  observed.  It  never  reaches  the 
intensity  met  with  in  poisoning  by  phosphorus.  True 
paralysis  arsenicalis  seems  to  be  of  less  frequence  in 
chronic  poisoning  than  in  acute;  but  if  it  does  appear  its 
effects  are  of  greater  duration,  lasting  even  a  life-time. 
There  are  often  hemiansesthesia  and  hemiplegia.  Accord- 
ing to  the  reports  of  cases  of  poisoning  from  arsenical 
beer,  published  in  the  Lancet  in  1900-02,  it  would  ap- 
pear that  a  large  percentage  of  the  victims  suffered  from 
more  or  less  marked  paralysis,  as  shown  by  difficulty  in 
walking,  numbness,  pricking,  tickling,  etc.,  of  the  lower 
limbs  from  the  knees  down,  and  from  the  elbows  down, 
often  accompanied  by  exquisite  pain. 

Mackensie  has  reported  cases  marked  by  paralysis  of 
the  vocal  cords.  Another  peculiar  form  of  paralysis  has 
been  studied  by  Charcot  and  Biett,  and  has  received  the 
designation  anaphrodisia  arsenicalis,  because  of  the  fact 
that  the  disease  is  characterized  by  a  paralysis  of  the 
nerves  of  sexual  sensation.  Five  typical  casis  are 
known.  The  physical  diagnosis  of  chronic  arsenical 
poisoning  is  very  difiicult.  The  most  reliable  method 
of  reaching  a  decision  consists  in  testing  the  urine 
for  arsenic.  This  chemical  diagnosis  must  never  be 
omitted.  The  fatal  peiiod  in  chronic  poisoning  is  too 
variable  to  permit  of  any  statement. 

Poisoning  by  arsenic  may  sometimes  be  confused  with 
poisoning  by  phosphorus,  antimony,  ricinus,  croton, 
abrus,  robinia,  podophyllum,  etc. 

Elimination  of  arsenic  takes  place  chiefly  by  the  kid- 
neys ;  but  there  is  reason  to  believe  that  in  addition  to  the 
urine,  the  bile,  milk,  and  perspiratory  fluid  play  an  im- 
portant part,  and  that  a  certain  portion  of  the  poison  is 
still  further  thrown  out  through  the  intestines.  Arsenic 
can  be  detected  in  the  urine  in  from  two  to  eight  hours 
after  resorption,  and  is  usually  completely  eliminated 
from  the  body,  save  from  the  bones,  in  from  eight  to 
twenty  days.  The  normal  period  of  elimination  seems  to 
be  from  twelve  to  fifteen  days.  This  holds  true  only  for 
acute  poisoning,  since  in  chronic  poisoning,  followed  by 
recovery,  the  liver  seems  to  retain  arsenic  for  a  long 
period;  just  how  long  is  not  known,  but  in  animals  it 
has  been  shown  to  be  beyond  forty  days  after  the  inges- 
tion of  arsenic  ceased.  Wood  asserts  that  he  has  found 
arsenic  eliminated  eighty  to  ninety  days  after  ingestion. 
On  the  other  hand,  Kunkle  reports  a  case  of  poisoning  by 
copper  arsenite  followed  by  death  in  seventeen  hours,  yet 
no  arsenic  could  be  detected  in  the  liver,  the  stomach,  or 
the  intestines. 

Savcri  has  shown  that  the  arsenic  eliminated  by  the 
urine  is  in  the  arsenous  condition.  Selmi  has  gone  a  step 
farther  and  has  shown  that  part  at  least  of  the  arsenic 
is  eliminated  in  combination  with  organic  matter  as  an 
arsenical  organic  compound,  and  that  doubtless  another 
portion  of  the  arsenic  is  eliminated  as  arsine.  The  ques- 
tion of  the  elimination  of  arsenic  throuffh  the  milk  is  one 
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of  -very  great  importance.  In  the  light  of  experimental 
evidence  and  of  cases  collected,  it  is  now  possible  to  as- 
sert positively  that  an  infant  nursing  at  the  breast  may 
die  of  arsenical  poisoning  when  its  mother  is  undergoing 
arsenical  treatment,  or  has  svi^allowed  some  arsenical 
compound  yet  not  in  sufficient  amount  to  give  rise  to  ill 
ness  of  the  mother ;  or,  in  case  of  a  toxic  dose  having  been 
ingested,  there  may  be  death  of  the  infant  before  the  ap- 
pearance of  symptoms  of  poisoning  in  the  mother.        _ 

For  information  us  to  the  localization  of  arsenic  and  its 
distribution  in  the  body  after  death,  the  reader  is  referred 
to  Vol.  VI.,  p.  723,  of" the  Reference  Handbook. 

Post-mortem  Appearances.— In  acute  poisoning  the  find- 
ings are  but  slightly  characteristic.  In  rare  cases  nega- 
tive results  will  be  obtained,  but  only  when  death  has 
been  unusually  rapid,  as  for  example  in  cases  of  arsenical 
asphyxia.  No  matter  through  what  channel  the  poison 
has  been  introduced,  the  mucosa  of  the  stomach  and  in- 
testines will  generally  be  found  to  be  swollen,  covered 
with  bloody  foam,  more  or  less  uniformly  red,  intensely  iu- 
iJamed,  or  liemorrhagic.  In  some  cases  there  is  ulceration, 
even  necrosis.  A  few  cases  of  perforation  are  known. 
Corrosion  may  take  place  in  a  few  liours  (five  or  six),  and 
after  ten  hours  may  be  very  severe ;  this  may  not  be  con- 
fined to  the  stomach  alone,  but  may  be  seen  in  the  in- 
testines. The  small  intestine  is  commonly  more  or  less 
filled  with  colorless,  watery,  offensive  contents,  while  the 
large  intestine  contains  faecal  matter  colored  with  bile. 
The  liver,  though  apparently  normal,  shows  on  section 
marked  fatty  degeneration.  Similar  conditions  obtain  in 
the  kidneys  and  heart.  The  blood  shows  no  specially 
marked  change,  but  its  alkalinity  is  greatly  decreased.  In 
all  but  a  few  cases  there  is  a  remarkable  preservation  of 
the  body  with  the  internal  organs  fresh  and  of  almost  life- 
like consistence,  or  there  may  be  mummification.  Either 
of  these  conditions  existing  in  an  exhumed  unembalmed 
body  should  lead  to  a  strong  presumption  of  death  by 
arsenic,  but  the  practitioner  must  never  lose  sight  of  the 
fact  that  preservation  and  mummification  are  far  from 
being  constant  or  peculiar  to  this  poison.  In  deaths  fol- 
lowing chronic  poisoning  the  findings  are  quite  uncertain. 
The  most  constant  are  atrophy  of  the  muscles,  a  dusky 
skin  often  marked  with  blackish  patches,  alopecia,  gas- 
tro-adenitis,  and  hepatic,  renal,  and  cardiac  steatosis. 

The  meclianism  or  action  of  arsenic  compounds  can  be 
briefly  summed  up  as  follows :  (1)  Local  cauterization ; 
(2)  vaso-motorparalj'sisof  splanchnics;  (3)  degeneration 
of  albumin  of  the  bodj'  and  disturbance  of  metabolism ; 
(4)  disturbance  of  activity  of  the  central  nervous  system 
and  of  the  skin ;  (5)  paralysis  of  the  heart. 

Following  the  paralysis  of  the  peripheral  extremities  of 
the  splanchnic  nerves  there  results  great  hyperaemia  of 
the  abdominal  organs,  giving  rise  to  an  appearance  of 
inflammation.  This  condition  extending  to  the  mucosa 
becomes  severe  gastro-enteritis,  explaining  why  it  is  that 
these  lesions  are  seen,  no  matter  what  may  have  been  the 
mode  of  entry  of  the  poison.  The  disturbance  of  the 
metabolism  leads  to  fatty  degeneration  of  most  of  the  in- 
ternal organs,  and  especially  of  the  glands.  When  this 
steatosis  affects  the  walls  of  the  blood-vessels,  multiple 
hemorrhage  results.  As  an  immediate  consequence  of 
fatty  degeneration  of  the  heart  muscles  the  ganglia  be- 
come affected  and  cardiac  paralysis  results.  The  severe 
cerebral  disturbances  sometimes  seen  can  be  ascribed  in 
part  to  the  sinking  of  the  blood  pressure,  and  in  part  to 
degeneration  of  the  ganglionic  cells  of  the  brain. 

Normal  Arsenic. — The  question  as  to  whether  arsenic 
is  a  normal  constituent  of  the  body  has  been  the  subject 
of  several  investigations  within  the  last  few  years.  The 
weight  of  evidence  seems  to  support  the  theory  of  Ar- 
mand  Gautier,  that  arsenic  is  always  to  be  found  in  the 
healthy  body  at  least  in  the  thyroid,  where  it  plays  an 
important  part,  and  in  the  hair,  nails,  bones,  and  mam- 
mary glands,  and  that  this  normal  arsenic  is  eliminated 
chiefly  by  the  skin  and  the  milk.  Before  this  theory  can 
be  accepted  as  proved  more  research  is  needed. 

Antidotes.  Tkeatmbnt.— The  most  effective  anti- 
dote with  which  we  are  now  acquainted— fresh' v  precipi- 
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tated  ferric  hydrate— was  first  proposed  by  Bunsen  in 
1834.  It  depends  for  its  efficacy  upon  the  fact  that  it 
unites  with  arsenous  acid,  arsenites,  or  arsenates  to  form 
insoluble  compounds.  With  arsenous  acid  or  arsenites  a 
basic  ferric  arsenite  results,  mixed  with  a  variable  pro- 
portion of  basic  ferrous  arsenite,  while  with  arsenates  a 
basic  ferric  arsenate  is  formed.  The  ferric  hydrate  must 
be  freshly  prepared,  since  it  soon  loses  the  power  to  unite 
to  form  an  insoluble  compound.  The  official  method  of 
preparation  is  as  follows:  To  ammonia  water  (U.  8.  P.), 
110  c.c,  add  water  250  c.c. ;  to  solution  ferric  sulphate 
(U.  8.  P.),  100  c.c,  add  water  1,000  c.c.  Pour  with  con- 
stant stirring  the  solution  of  ferric  sulphate  into  the 
ammonia  water,  pour  the  mixture  on  a  muslin  filter, 
squeeze,  and  add  to  the  precipitate  sufficient  water  to 
make  about  350  gm.  Of  this  final  preparation  administer 
to  an  adult  two  to  four  tablespoonfuls  every  ten  minutes. 
The  dose  for  a  child  is  one  dessertspoonful  every  ten 
minutes.  Hydrated  magnesium  oxide,  proposed  by 
Bussy  in  1846,  is  also  of  much  value.  Like  the  iron  anti- 
dote it  must  be  freshly  prepared.  One  part  of  freshly 
burnt  magnesium  oxide  is  suspended  in  twenty  parts  of 
water.  Of  this  preparation  four  to  six  tablespoonfuls 
may  be  administered  every  fifteen  minutes.  As  in  the 
case  of  iron,  insoluble  basic  arsenites  and  arsenates  result. 
In  Europe  the  two  above  antidotes  are  combined,  as,  for 
example.  To  Liquor  ferri  sulph.  oxydat.  (P.  G.)100gm., 
add  water,  350  gm.  To  water,  350  gm.,  add  magnesia 
usta,  15  gm.  Mix  the  two  solutions,  shake  well,  and 
throw  upon  muslin. 

Both  the  iron  and  magnesium  compounds  must  be  re- 
moved from  the  stomach  as  soon  as  possible,  since  the 
insolubilized  arsenic  may  be  again  resorbed  through  the 
solvent  action  of  the  fluids  of  the  body.  A  recommend- 
able  procedure  is  to  wash  out  the  stomach  with  water 
holding  magnesium  oxide  in  suspension;  then  administer 
the  iintidote.  After  a  few  minutes  induce  vomiting,  or 
use  the  stomach  pump.  Repeat  this  process  several 
times.  Demulcent  drinks  should  be  promptly  given  to 
retard  resorption — milk,  albumen  in  water,  flour  and 
water,  etc.  Following  the  antidote,  the  treatment  must 
be  symptomatic.  It  must  never  be  forgotten  that  dur- 
ing convalescence  the  diet  must  be  watched  with  great 
care,  and  only  bland  articles  given. 

In  the  absence  of  the  above-mentioned  antidotes,  fer- 
ric hydrate,  prepared  in  any  way,  can  be  given,  or  the 
following  maybe  employed  with  more  or  less  success: 
saccharate  of  iron,  acetate  of  iron,  citrate  of  iron,  dialyzed 
iron,  powdered  or  reduced  iron,  milk  of  lime,  sulphur, 
sulphide  of  iron,  etc.  The  administration  of  alkalies 
must  be  carefully  avoided. 

Poisoning  by  Arsine  is  probably  of  greater  frequency 
in  the  industries  than  is  generally  believed,  though  acute 
poisonings  are  quite  rare.  Arsine  or  arseniureted  hydro- 
gen is  a  heavy  colorless  gas  of  peculiar  fetid  odor.  Its 
specific  gravity  is  about  3.7.  It  is  but  slightly  soluble 
in  water,  and  burns  with  a  characteristic  bluish-white 
flame.  The  pure  gas  is  a  frightfully  active  poison,  only 
a  whifl  or  two  causing  death.  Of  some  twenty  cases  of 
acute  poisoning  on  record,  practically  all  have  been  the 
result  of  chemical  laboratory  accidents,  but  subacute  and 
chronic  poisonings  are  frequent  in  the  industries  where 
small  amounts  of  arsine  are  breathed  in  the  air  of  ill- ven- 
tilated work-rooms.  Although  the  odor  of  arsine  is 
characteristic  and  very  penetrating,  the  gas  may  be  pres- 
ent in  the  air  of  a  room  in  sufficient  amount  to  lead  event- 
ually to  poisoning,  and  still  not  be  detected  by  the  sense 
of  smell,  or  at  least  not  noticed.  Poisoning  occurs  chiefly 
in  the  preparation  of  hydrogen  and  the  manufacture  of 
balloons  or  toy  balloons ;  in  the  coloring  or  bronzing  of 
brass  and  other  alloys;  in  the  desilvering  of  lead  and 
subsequent  treatment  of  the  silver  zinc  with  acids;  In 
the  galvanizing  and  tinning  of  sheet  iron ;  in  the  reduc- 
tion of  nitrobenzene,  etc.,  in  the  aniline  industry;  in  the 
manufacture  of  many  salts;  in  fact,  in  all  Industries  or 
operations  where  hydrogen  is  given  off  in  reactions  be- 
tween compounds  containing  arsenic  as  an  impurity. 
Besides  these  sources  there  is  the  further  possibility  of 
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poisoning  fiom  wall  papers  in  damp,  ill-ventilated  rooms 
through  the  formation  of  arsine  by  fungi  and  bacteria. 

In  strictly  chronic  poisoning  the  specific  action  of 
the  poison  manifests  itself  in  anaemia  or  pernicious 
ancemia. 

The  effects  of  arsine  on  the  system  appear  slowly. 
The  victim  shivers,  complains  of  chills,  and  often  of  an 
indescribable  feeling  of  sickness  passing  into  great  uneasi- 
ness and  fear,  resulting  in  exhaustion,  weakness,  and  re- 
peated fainting  fits,  during  which  the  body  is  cyanotic, 
cold,  and  bathed  in  cold  sweat.  There  is  a  blackness 
before  the  eyes  and  the  pupils  are  dilated.  There  may 
or  may  not  be  nausea  and  vomiting.  The  pulse  is  some- 
what accelerated  but  small  and  weak.  Respiration  is  dys- 
pnoeic.  The  breath  and  mouth  are  fetid.  After  eight  or 
ten  hours,  or  even  much  later,  the  specific  effects  of  the 
poison  manifest  themselves ;  the  red  blood  corpuscles  are 
destroyed  and  methsemoglobin  is  formed.  All  the  urine 
passed  is  bloody,  deep  red,  dark  brown,  or  even  black. 
There  is  sometimes  anuria.  Polycholia  sets  in  and  the 
skin  becomes  icteric  or  dark-colored.  The  stools  are  not 
watery  as  in  arsenicism,  but  are  colored  dark  with  bile. 
The  liver  and  spleen  are  swollen  and  painful  on  pressure. 
There  are  severe  headache  and  a  fear  of  death.  Death 
occurs  from  oedema  of  the  lungs  or  from  paralysis  of  the 
heart.  If  death  does  not  result  the  period  of  convales- 
cence is  generally  very  long.  Spectroscopic  examination 
of  the  blood  for  bands  of  methsemoglobin  is  of  great 
value  in  diagnosis.  These  characteristic  bands  will  also 
be  noted  after  death,  providing  that  an  examination  is 
promptly  made. 

The  treatment  of  cases  of  arsine  poisoning  is  difficult 
and  unsatisfactory.  Sodium  bicarbonate  should  be  ad- 
ministered to  convert  the  methasmoglobin  into  alkaline 
methsemoglobin,  which  the  body  can  readily  change  to 
oxyhsemoglobin.  Transfusion  of  blood  may  often  be 
imperative.  The  clogging  of  the  canals  of  the  kidneys 
has  been  successfully  treated  by  injection  of  normal  salt 
solution.  The  remaining  treatment  must  be  sympto- 
matic. In  the  choice  of  stimulants  to  counteract  the 
severe  depression  of  the  heart's  action  it  should  be  re- 
membered that  alcohol  is  barred  because  of  its  action  on 
the  kidneys. 

Clinical  Tests. — For  the  rapid  detection  of  arsenic  in 
the  urine,  vomited  matter,  stools,  etc.,  where  much  or- 
ganic matter  is  present,  there  is  nothing  superior  to  the 
Reinsch  method,  i.e.,  acidification  with  pure  HCl  and 
boiling  with  a  tiny  strip  of  pure  copper  foil  or  gauze. 
The  stained  copper  should  then  be  tested  by  heating  in  a 
glass  tube  in  contact  with  air  and  the  crystalline  subli- 
mate of  AS2O3  examined  with  a  hand  lens  or  microscope. 
For  inorganic  material  the  modified  Gutzeit  test  will  be 
found  to  be  rapid  and  reliable.  The  gases  evolved  by 
the  action  of  sulphuric  or  hydrochloric  acid  on  zinc  in 
the  presence  of  a  solution  of  the  material  to  be  tested  are 
passed  through  cotton  moistened  with  lead  acetate  (to  hold 
back  any  hydrogen  sulphide),  and  are  tested  either  with 
filter  paper  moistened  with  mercuric  chloride  or  with  a 
dry  crystal  of  silver  nitrate.  In  the  presence  of  arsenic 
the  mercuric  chloride  spot  turns  brick -red,  orange,  or 
brown ;  the  silver  nitrate  crystal  first  canary  or  lemon- 
yellow,  then  black.  Emile  Monnin  Oliamoi. 

ARTERIOSCLEROSIS. — An  exact  definition  of  the 
term  "  arteriosclerosis "  can  not  be  given.  The  central 
idea  is,  of  course,  a  hardening  of  the  arteries.  Our  defini- 
tion must  be  elastic  enough  to  include  the  various 
stages  of  the  changes  in  the  arteries  and  should  include 
the  manifestations  in  the  various  organs  that  are  affected 
secondarily  by  the  disease.  The  complexity  of  the 
disease  in  its  various  manifestations  is,  then,  an  obstacle 
to  an  exact  definition.  The  pathologists  are  not  in 
entire  agreement  among  themselves  as  to  what  anatom- 
ical changes  are  characteristic,  as  to  whether  the  disease 
is  of  an  inflammatory  or  a  degenerative  type,  or  as  to 
whether  the  lesions  are  manifestations  of  a  general  or 
a  local  disease. 

Alterations  of  Pressure  in  the  Blood-vessels. — This  con- 


■stitutes  the  most  striking  disorder  of  the  general  circula- 
tion, and  upon  a  study  of  its  causes,  effects,  and  control 
will  be  built  this  entire  consideration  of  the  subject.  In- 
deed, the  whole  mechanism  of  the  circulation  has  to  do 
with  the  maintenance  of  high  pressure  or  low  pressure  in 
one  part  or  another  of  the  vascular  system  as  may  be 
demanded.  The  maintenance  of  the  circulation  is  not  a 
question  of  the  degree  of  tension  in  any  part  of  the  circu- 
latory system,  but  of  a  proper  relation  in  tension  between 
pressure  in  the  arteries,  where  the  blood  is  stored,  and 
the  points  at  which  it  is  needed.  It  is  usual,  however, 
to  study  the  question  from  the  standpoint  of  the  arteries. 
In  most  cases  it  is  only  late  in  circulatory  disease  that 
venous  pressure  becomes  of  importance.  The  freedom 
of  passage  between  the  arteries  and  veins  through  the 
arterioles  and  capillaries  is  of  extreme  importance. 

The  effect  of  muscular  exercise  on  blood  pressure  is  at 
first  to  raise  arterial  pressure,  but  finally,  after  the  ex-, 
ercise  has  been  continued  for  some  time,  the  pressure 
falls  again  to  normal.  The  same  is  true  in  regard  to  the 
effect  of  mental  effort.  During  tlie  existence  of  this  in- 
crease of  art«rial  pressure  due  to  exercise,  there  is  a  large 
amount  of  blood  in  the  arteries.  This  is  obtained  from 
the  large  veins  in  the  abdomen,  which  act  as  a  reservoir 
from  which,  in  health,  blood  can  be  drawn  to  flush  any 
part  of  the  arterial  system.  This  tide  of  blood  between 
the  digestive  organs  and  the  systemic  area  is  illustrated 
in  many  ways.  Thus,  the  coldness  after  eating  indicates 
that  the  tide  has  set  toward  the  digestive  organs.  The 
indigestion  following  exercise  after  eating,  and  even 
more  markedly  the  indigestion  following  strong  emotion 
after  a  meal,  shows  that  the  tide  has  set  the  other  way. 
The  lethargy  and  mental  inactivity  of  those  who  ha- 
bitually overeat,  and  the  tendency  to  indigestion  of 
mental  workers,  indicate  the  same  thing.  The  relation 
between  the  circulation  in  the  abdomen  and  the  circu- 
lation in  the  brain  is  an  intimate  one.  The  proverbially 
good  mental  condition  in  patients  suffering  from  acute 
peritonitis  may  very  well  be  due  to  the  spasm  of  all  the 
abdominal  muscles  that  prevents  the  accumulation  of 
large  quantities  of  blood  in  this  part  of  the  body. 

The  impression  of  the  circulation  obtained  by  one's 
early  study  of  physiology  is  erroneous.  It  resembles  too 
closely  the  idea  of  a  series  of  closed  pipes,  as  in  the 
plumbing  of  a  house,  the  water  entering  at  a  large  pipe, 
going  through  a  system  of  smaller  pipes,  and,  after  having 
been  used  in  certain  fairly  definite  receptacles,  being 
collected  by  a  similar  set  of  pipes  which  convey  it  to  a 
common  outlet.  The  facts,  however,  are  very  different 
in  the  human  body.  The  arterial  system  is  really  a 
reservoir  of  blood  in  which  the  area  of  a  cross-section 
of  the  combined  vessels  very  rapidly  increases  from  the 
heart  outward.  In  this  series  of  passages  the  blood  is 
contained  and  held  under  pressure  by  a  muscular  en- 
velope. From  this  reservoir  the  blood  escapes  for  use, 
through  the  arterioles  and  capillaries,  and  the  office  of  the 
heart  is  to  pump  into  this  reservoir  sufficient  blood  to 
maintain  the  pressure  depleted  by  the  blood  used  by  the 
capillaries.  This  naturally  creates  a  flow  of  jolood  from 
the  heart  toward  the  periphery,  but  the  immediate  use 
of  the  heart  is  to  maintain  this  arterial  pressure.  This 
is  well  shown  by  the  fact  that  the  actual  amount  of  blood 
propelled  by  the  heart  varies  greatly,  according  to  the 
demand  for  fresh  blood  on  the  part  of  the  body.  During 
exercise,  when  the  peripheral  vessels  are  open,  and  there 
is  a  drain  on  the  arterial  system,  the  heart  works  harder 
to  supply  the  deficiency.  Thus  the  arrangement  and 
movement  of  blood  in  the  body  are  seen  to  be  more  like 
a  system  of  irrigation  than  of  circulation,  there  being 
a  reservoir  with  numerous  branches  from  which  the 
irrigating  fluid  is  distributed  and  a  system  of  conduits  by 
which  it  is  collected,  to  be  again  transferred  to  the  storage 
place. 

The  idea  of  the  office  of  the  veins  as  a  storehouse  of 
blood  is  a  very  old  one,  and  one  which  has  had  much  in- 
fluence upon  therapeutics.  The  consideration  of  the 
arterial  systern  as  a  similar  reservoir  in  which  suitab'e 
pressure  is  maintained  by  the  muscular  elements  which 


373 


Arteriosclerosis! 
Arteriosclerosis. 


REFERENCE  HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


go  to  make  it  up,  seems  to  have  been  overlooked.  The 
truth  of  the  statement  that  the  arteries  form  a  reser- 
voir rather  than  mere  conduits  is  shown  by  the  fact  that 
arterial  pressure  is  practically  uniform  throughout  the 
arterial  system.  This  means  that  the  blood  moves  with 
the  utmost  freedom  throughout  the  arteries,  and  that 
its  movement  is  controlled,  not  by  pressure  from  behind, 
but  by  the  escape  from  in  front. 

The  arterial  system  is  thus  like  a  reservoir  analogous 
to  the  tubular  boiler  of  some  types  of  engines.  It  is  a 
hollow  ramifying  organ  containing  a  vital  fluid,  the 
capillaries  being  the  ducts.  Whenever  there  is  a  demand 
for  this  vital  fluid  in  any  part  of  the  system,  the  muscu- 
lar covering  of  the  organ  contracts,  the  arterioles  which 
lead  to  the  proper  capillaries  dilate,  and  the  demand  is 
suppKed.  The  demand  upon  this  organ  for  the  vital  fluid 
is  so  great  that  a  special  mechanism,  represented  by  the 
heart,  conducts  the  vital  fluid  from  the  places  where  it  is 
manufactured,  and  the  lungs  where  it  is  purified,  to  the 
high-pressure  receptacle  from  which  it  is  used.  This 
conception  of  the  arterial  system  as  a  high-pressure 
receptacle  for  the  blood  is  well  borne  out  by  a  study  of 
the  evolution  of  the  circulation  in  the  lower  forms  of 
life,  where  there  are  first  found  small  interstices  in  the 
tissues  through  which  the  blood  ebbs  and  flows  in  an 
irregular  manner.  As  we  ascend  the  scale  the  blood  is 
found  in  more  definite  receptacles,  until  finally  we  reach 
the  complex  arrangement  found  in  man. 

The  so-called  circulation  of  the  blood  was  discovered 
very  late  in  the  history  of  man,  and  students  have  be- 
come so  fascinated  with  the' mechanical  beauty  of  the 
whole  arrangement  that  they  have  allowed  the  mechani- 
calidea  to  outweigh  the  realization  of  a  living  organism. 
It  is  the  old  truth  of  the  pendulum  which  has  swung  too 
far  when  once  started  by  Harvey.  ■  We  need  to  return  a 
little  to  the  earlier  conception,  which  considered  more 
the  function  of  the  blood  in  particular  parts  of  the  body 
than  its  circulation.  In  all  studies  of  blood  pressure  it 
must  be  remembered  that  the  blood  is  subject  to  the 
laws  of  hydrostatics  and  that  the  force  of  gravity  must  be 
discounted. 
^  Anoemia  and  Congestion. — In  the  study  of  the  circula- 
tion in  relation  to  disease,  the  two  departures  from  nor- 
mal that  are  most  striking  are  anaemia  and  congestion. 
But  a  moment's  thought  will  show  that  these  are  not 
necessarily  of  as  much  importance  as  would  appear. 
The  other  element,  that  is  not  so  easily  appreciable  in 
the  course  of  examination  and  upon  which  depends  the 
efficiency  of  the  blood  supply,  has  very  httle  to  do  with 
ansemia  or  congestion.  Ansemia  means  that  there  is  but 
little  blood  in  the  part  under  consideration,  and  conges- 
tion means  that  there  is  a  considerable  accumulation 
of  blood  in  the  vessels  of  the  part.  These  two  things 
are  very  striking  symptoms  of  disease;  and  yet  every 
clinical  observer  must  have  noticed  that  they  are  not 
reliable  indications  of  disease. 

The  third  element  of  local  circulation  in  disease  is 
the  amount  of  new  blood  supply  to  the  part  which  is  the 
determining  element  in  degeneration  or  repair.  There 
may  be  apparent  antemia,  and  yet  what  blood  there  is 
in  the  part  may  be  constantly  changed,  and  nutrition 
wiU  not  suffer.  There  may  be  marked  congestion  of  the 
part,  and  yet  the  amount  of  fresh  blood  supplied  and  of 
impure  blood  removed  may  be  sufficient. 

This  element  is  a  very  hard  one  to  determine,  even 
experimentally.  The  pulse  itself  does  not  indicate  any 
transition  of  blood  through  the  radial  artery,  because  it 
persists,  even  when  the  artery  is  obstructed  by  pressure 
beyond  where  it  is  palpated  and  when  no  blood  can  pass, 
bo,  in  asuftcient  blood  supply,  or  in  an  excess  of  blood 
supply,  It  IS  the  amount  of  blood  in  circulation  that  is  to 
be  considered,  and  not  the  amount  that  is  stored  up  in 
the  part.  In  congestion  without  circulation,  we  find 
destruction  of  tissue,  as  in  varicose  ulcers  of  the  leg 
in  congestion  with  circulation,  we  often  find  hypertrophy, 
as  witness  the  clubbed  fingers  in  chronic  cardiopathy. 
In  ansmia  without  circulation,  we  again  find  that  the 
nutrition  suffers;  but  in  anaemia  with  circulation,  there 
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inay  be  no  disturbance  of  nutrition.  In  other  words,  the 
circulation  of  the  blood  may  be  compared  to  the  circula- 
tion of  the  money  in  a  bank.  So  long  as  the  intake  and 
outgo  are  active,  the  bank  is  going  on  all  right,  whether 
there  is  a  large  or  a  small  amount  stored  up  in  its  vaults. 
Of  course,  in  case  of  emergency,  it  makes  a  very  great 
difference  whether  there  is  an  accumulation  or  not.  But 
under  ordinary  conditions,  the  outward  signs  of  prosper- 
ity depend  upon  the  in-go  and  out-take  and  not  upon 
large  or  small  accumulation.  So,  the  importance  of 
circulation  is  a  question  of  movement  of  the  blood,  more 
than  it  is  a  question  of  particular  location  of  that  portion 
that  is  not  in  active  circulation.  Ordinarily,  the  part 
of  the  blood  not  in  active  circulation  is  found  in  the 
large  veins  of  the  abdomen,  but  it  might  just  as  well  be  in 
any  other  part  of  the  venous  system. 

Estimation  of  Blood  Pressure. — The  estimation  of  the 
condition  of  the  circulation  usually  represented  by 
' '  feeling  the  pulse ' '  stands  for  a  very  important  procedure 
in  the  routine  of  the  practice  of  medicine  and  is  tne  one 
element  of  a  physical  examination  that  is  probably 
never  neglected.  The  tactile  estimation  of  relative 
blood-pressure,  as  determined  by  the  experienced  touch 
and  checked  by  cUnical  symptoms,  is  often  correct, 
and  there  is  a  possibility  that  some  of  this  skill  in  pulse- 
reading  may  be  lost  if  instrumental  observation  takes 
the  place  of  direct  examination,  just  as  we  have  lost  skill 
in  measuring  fever.  However,  the  benefit  following  the 
introduction  of  instruments  of  precision  far  outbalances 
the  resulting  loss  of  skill.  It  is  undoubtedly  true  that  the- 
systematic  instrumental  measurement  of  blood-pressure 
by  various  instruments  has  led  to  important  cHnical 
results. 

As  remarked  a  moment  ago,  it  is  the  difference  in 
pressure  between  the  place  where  the  blood  is  stored  and 
the  place  where  it  is  required,  together  with  the  element 
of  resistance  in  the  intervening  blood-vessels,  that 
determines  the  competency  of  the  circulation.  The 
instruments  and  skiU  for  the  quantitative  measurement 
of  blood-pressure,  although  brought  to  a  high  degree  of 
perfection,  are  still  not  in  the  possession  of  the  majority 
of  practitioners.  Our  space  here  will  not  allow  anything 
Uke  a  detailed  description  of  the  development  of  these 
various  instruments.  It  will  suffice  for  our  purpose  here 
merely  to  refer  to  such  instruments  as  that  of  Professor 
yon  Brasch,  of  Vienna,  who  in  1876  invented  what  may 
justly  be  considered  the  first  practical  sphygmomanom- 
eter; his  own  and  Potain's  improvement  a  little  later; 
Marey's  instrument,  with  Hurthle's  elaboration  for 
measuring  diastoUc  pressure;  Mosso's  complicated  but 
highly  efficient  apparatus  for  the  laboratory,  and  Hill 
and  Burnard's  "vest-pocket"  instrument,  whose  chief 
merit  is  its  compactness.  But  the  very  number  of 
this  class  of  instruments  invented  within  the  last  two 
decades  shows  the  importance  of  the  subject  of  accurate 
blood-pressure  measurement.  And  this  same  prolific- 
ness  insured  such  searching  criticism  of  defects  and 
struggle  to  overcome  them  that  the  perfected  instru- 
ments of  Riva-Rocci,  Cook,  Stanton,  and  others  may 
now  fairly  be  considered  practically  to  be  instruments 
ot  precision. 

In  this  country.  Dr.  Theodore  C.  Janeway  has  pro- 
duced a  sphygmomanometer  of  such  compactness,  ac- 
curacy and  simj.Ucity  that  a  brief  description  of  it  is 
given  hore.  It  is  made  by  Chas.  E.  Dressier  &  Co.  of 
JNew  1  ork.  Ihe  author's  own  description  of  his  instru- 
ment IS  as  follows  ("The  Clinical  Study  of  Blood- 
pressure"):  "The  only  original  feature  is  the  folding 
U-tube  manometer  (A).  This  is  shown  in  the  plate  in  posi- 
tion tor  use.  For  carrying,  the  upper  j  oint  of  the  manom- 
eter tube  IS  removed  and  slipped  through  the  rings  to 
the  right  The  open  end  of  the  U  is  then  closed  by  a 
small  cork  (F)-.  and  other  end  is  closed  automatically 
when  the  case  IS  shut,  by  a  block,  which  compresses  the 
rubber  joint  (G  .  The  scale  is  sHd  down,  the  Politzer 
bag  (C)  removed  from  the  stopcock  (E),  which  contains 
a  needle  valve  for  slow  release  of  pressure.  This  stop- 
cock IS  allowed  to  slip  under  a  spring  {H)  as  the  case 
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closes.  The  lid,  to  the  under  side  of  which  the  manometer 
is  fastened,  is  then  closed  by  dropping  the  catches  which 
hold  it  behind  and  folding  down  tlie  hinge  at  the  left,  the 
lower  end  of  the  hd  sliding  back  in  a  groove.  The  whole 
-when  closed  measures  101x4jxlj  inches  and,  with  the 
armlet  and  infiator,  weighs  2^  pounds.  Tlie  manom- 
eter tube  has  a  calibre  of  3  mm.  and  all  llie  connections 
are   of    heavy-pressure    tubing.     The   armlet    [B)   is   a 


Fig.  5062.— Janeway's  Sphygmomanometer. 

hollow  rubber  bag,  12  cm.  wide  by  IS  cm.  long  with  an 
outer  leather  cuff  15X33  cm.,  fastened,  as  the  illustra- 
tion shows,  by  two  straps  with  friction  buckles,  which 
■will  catch  at  any  point.  The  buckle  employed  makes 
adjustment  to  different  arms  much  easier  than  the  or- 
dinary tongue  buckle.  Experience  with  the  latter 
has  taught  me  that  one  hole  maj'  be  too  tight  and  the 
next  too  loose.  For  the  inflating  mechanism  I  have 
followed  Erlanger  in  adopting  the  ordinary  Politzer  bag, 
though  I  find  one  with  the  valve  necessary  to  fill  tlie 
12-cm.  armlet.  The  needle  valve  is  manipulated  with 
ease,  even  by  a  novice,  and  allows  a  very  gradual  or  a 
sudden  lowering  of  pressure  equally  well.  As  accurate 
manometer  tubes  cannot  be  made  in  this  country,  each 
scale  is  graduated  empirically,  the  reading  at  each  point 
being  the  exact  difference  between  the  level  of  the  two 
columns  of  mercury.  The  instruments  are  therefore  ac- 
curate. The  procedure  in  general  is  the  same  as  with 
Stanton's  instrument." 

Dr.  Louis  Faugdres  Bishop's  simplified  blood-pressure 
•detector  is  particularly  useful  for  the  detection  of  liigli 
pressure  and  low  pressure  cases  in  general  practice  and 
life-insurance  examinations.  The  inventor's  own  de- 
scription of  his  instrument  on  its  presentation  to  the 
New  York  Medical  Society  (1908)  was  as  follows: 

"The  simplified  instrument  consists  essentially  of  a 
red  armlet  15  cm.  wide  and  40  cm,  long,  made  of  strong 
material.  This  armlet  or  cuff  differs  from  the  Riva- 
Rocci  armlet  in  its  greater  width  and  in  the  fact  that 
the  rubber  bag  occupies  only  part  instead  of  the  whole 
•circumference  of  the  arm.  The  advantage  of  this  latter 
arrangement  is  that  the  rubber  bag  when  expanded 
compresses  the  artery  against  the  bone,  rather  than 
surrounds  the  whole  arm  which  proved  to  be  painful. 
Connected  with  the  cuff  is  a  red  rubber  tube  203  cm. 
long.     To  this  is  connected  a  white  tube  60  cm.  long. 


and  to  this  a  bh'.e  tube  and  a  blue  bag,  measuring  to 
the  center  of  the  bag  b'JO  cm.  Connected  to  I  lie  blue 
bag  is  a  cord  passing  througli  a  pulley  of  .sjjecial  con- 
struction. This  pulley  is  so  constructed  that  it  can  be 
easily  hung  at  a  heiglit  by  means  of  a  cane  or  similar 
implement.  I  have  also  devised  a  special  .scale  which 
is  attached  to  the  bag  at  the  level  of  its  contenis  and  is 
used  to  ascertain  the  blood-pressure  in  terms  of  milli- 
metres of  mercury.  The  instnnnent  can  be  rolled  up 
and  carried  in  the  pocket,  and  is  used  as  follows: 

"The  tube  is  separated  at  one  of  the  connections  be- 
tween the  different  colored  tubes,  and  the  air  is  drawn 
out  of  the  two  bags  by  suction,  by  placing  the  ends  of 
the  tiibes  one  at  a  time  in  the  mouth.  The  bags  are  now 
placed  on  the  floor,  and  the  ends  of  the  tubes  plunged  in  a 
basin  of  water  and  about  14  oimces  allowed  to  siphon  into 


Fig.  5063.— Sphygmomanometer  (Author's  Model,  as  made  by  E.  IS. 
Meyrowitz,  New  York). 


the  bags.  The  ends  of  the  tube  are  rejoined  under  w-ater 
so  that  no  air  can  enter.  The  red  cuff  is  now  lifted  up 
so  that  the  water  runs  into  the  blue  bag  which  is  left 
on  the  floor.  Then  the  armlet  is  placed  around  the 
arm  of  the  patient  in  such  a  manner  that  the  part  con- 
taining the  bag  comes  on  the  inside  of  the  arm.  The 
pulley  with  the  cord  to  it  is  now  attached  high  up  to  a 
picture  moukling  or  some  other  con\'enient  object,  and 
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the  bag  is  hoisted  slowly  until  the  presssure  of  water 
that  has  flowed  back  to  the  cuff  has  compressed  the 
brachial  artery  and  obliterated  the  pulse  at  the  wnst. 
To  find  the  exact  point  at  which  this  takes  place  it  is 
better  to  lower  the  bag  until  the  pulse  is  distinctly  felt 
again,  and  then  raise  it  two  inches  at  a  time  counting 
ten  beats  of  the  pulse  each  time  until  the  pulse  disap- 
pears. If  at  this  point  the  white  tube  be  opposite  the 
level  of  the  patient's  heart,  or  the  level  of  the  cuff,  which 
is  practically  the  same,  having  the  patient  in  a  sitting 
position,  the  patient's  blood-pressure  is  within  normal 
limits.  If  the  blue  tube  is  opposite  this  level,  the  pa- 
tient has  a  subnormal  blood-pressure;  if  the  red  tube, 
the  patient  has  an  increased  blood-pressure.  In  order 
to  measure  the  blood-pressure  in  terms  of  millimetres 
of  mercury,  my  special  scale  is  attached  to  the  blue  bag 
at  the  level  of  the  water  in  it,  when  the  apparatus  is  in 
operation,  and  the  figure  on  the  scale  at  the  level  of 
the  heart  when  the  pulse  disappears  indicates  the  blood- 
pressure  in  millimetres  of  mercury." 

I  have  tested  this  apparatus  with  all  kinds  of  cases 
and  compared  them  with  the  standard  instruments,  and 
have  found  that  its  readings  are  correct.  I  find  that  a 
closer  reading  is  often  possible  with  this  instrument  than 
vfith  the  other  instruments  on  account  of  the  absence  of 
fluctuation  and  greater  length  of  the  scale.  This  is  espe- 
cially true  in  low-pressure  and  very  high-pressure  cases. 
The  instrument  is  particularly  convenient  for  detecting 
cases  that  fall  into  my  classification  of  blood-pressure 
cases,  into  primary  low-pressure  cases,  high-pressure 
cases,  and  secondary  low-pressure  cases.  On  account 
of  the  great  elevation  of  the  pulley  that  is  necessary- 
it  is  not  convenient  for  very  high-pressure  cases.  This 
is  simply  overcome  by  using  the  instrument  where  there 
is  a  stairway  or  in  a  high-ceihnged  apartment. 

Etiology. — The  causes  of  arteriosclerosis,  using  the 
term  in  the  broader  sense,  founded  upon  advanced  knowl- 
edge, may  be  divided  into  two  classes,  namely,  those 
having  their  origin  in  toxic  infiuences,  and  those  having 
their  origin  in  the  progressive  changes  to  which  all  be- 
ings are  subject  in  the  crises  of  growth,  maturity,  and 
afterward. 

Arteriosclerosis  resulting  from  nervous  causes  comes 
about  through  vascular  strain  from  the  maintenance  of 
an  abnormal  blood-pressure  produced  by  these  nervous 
influences.  To '  appreciate  how  this  comes  about,  it  is 
necessary  to  realize  that  there  is  a  close  analogy  between 
the  arterial  system  and  the  heart.  The  heart  has  its 
myocardium  and  the  arteries  their  "myarterium." 
Thus,  in  the  smaller  arteries,  there  is  a  system  of  muscles 
and  nerves  capable,  not  only  of  causing  contraction  of  the 
blood-vessels,  but,  according  to  the  views  of  many 
physiologists,  capable  of  producing  an  active  diastole. 
This  is  also  borne  out  by  the  teaching  of  Evolution, 
for  we  find,  as  we  ascend  the  animal  scale  from  the  lower 
to  the  higher  forms,  that  the  circulatory  tube  becomes 
gradually  differentiated,  and  it  is  only  in  the  higher 
animals  that  we  find  the  part  of  the  tube  represented 
by  the  heart  so  completely  different  from  that  repre- 
sented by  the  arteries  and  veins.  The  nervous  system 
acts  upon  the  heart  in  what  is  usually  spoken  of  as  a 
very  complicated  manner,  but  only  to  regulate  its 
activity  as  an  organ  that  does  one  thing,  namely,  propel 
blood.  The  nervous  system  acts  on  the  blood-vessels 
as  organs  which  have  to  do  with  many  different  activi- 
ties in  the  body,  because  every  functional  action  in- 
fluences a  modification  of  blood- supply.  Not  only 
does  the  nervous  system  preside  over  the  blood-supply 
to  each  particular  part  of  the  body  at  all  times,  but 
it  also  concerns  itself  with  an  adequate  blood-pressure 
in  the  arteries. 

Muscular  overexertion  is  not  a  cause  of  peripheral 
arterial  disease,  though  it  does  frequently  cause  disease 
of  the  aorta.  It  is,  nevertheless,  a  fact  that  degenera- 
tive changes,  consisting  of  calcareous  incrustations,  are 
found  at  an  early  age  and  more  frequently  among  those 
who  are  engaged  in  occupations  that  demand  great  mus- 
cular effort,  either  all  the  time  or  at  intervals;   the  same 
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changes  are  found  in  old  people,  as  a  simple  result  of  age. 
These  changes  ordinarily  give  no  symptoms,  although, 
in  case  of  the  involvement  of  parts  of  the  aorta  close  to 
the  aortic  valves  or  an  extension  to  the  arteries  of  the 
heart,  the  results  are  serious. 

Gout  is  actually  a  potent  cause  of  disease  of  the  blood- 
vessels. The  process  in  respect  to  the  blood-vessels  is 
probably  much  the  same  as  that  with  regard  to  the  joints; 
that  is,  an  actual  deposit  of  urate  of  sodium.  Malaria, 
in  its  more  severe  forms,  lead-poisoning,  and  severe- 
infectious  diseases  may  result  in  chronic  arterial  disease. 
The  involvement  of  the  aorta  is  ordinarily  without  symp- 
toms, except  when  it  goes  on  to  the  production  of  valvu- 
lar disease  of  the  heart  and  aneurism,  which  are  not^ 
pertinent  to  the  subj  ect  in  hand.  But  there  is  an  occasional 
exception,  when  aortic  disease  does  give  very  distressing- 
symptoms.  I  have  observed  the  case  of  a  gentleman, 
aged  seventy-four,  in  whom  the  only  symptom  of  any- 
circulatory  trouble  was  pain  over  the  upper  part  of  the  - 
breast  bone  when  he  attempted  the  slightest  exertion. 
This  has  continued  for  years  without  the  development 
of  any  sign  of  involvement  of  the  aortic  valves  or 
symptoms  of  aneurism.  The  patient  was  instructed 
by  me  to  take  a  small  dose  of  nitroglycerin  whenever 
he  wished  to  exert  himself,  and,  to  the  satisfaction  of 
both  of  us,  he  then  found  he  was  able  to  exercise  -without 
pain. 

Acute  inflammation  of  the  general  arterial  system  is 
apparently  very  rare,  or  at  least  not  recognized,  although 
we  have  reason  to  believe,  from  studies  of  a  number  of 
recent  writers,  that  the  inflammatory  processes  set  up 
during  typhoid  fever,  scarlet  fever,  and  diphtheria  may- 
lead  later  to  fibrous  changes.  Syphilis  is,  of  course, 
one  of  the  most  important  single  causes,  but  as  this 
subject  is  treated  fully  in  another  part  of  this  work,  I 
■svill  not  dwell  upon  it  here. 

Symptomatology. — The  symptoms  of  angiosclerosis, 
or,  as  we  prefer  to  call  it  here,  disorders  of  blood-pressure, 
divide  themselves  into  subjective  and  objective  groups. 

The  subjective  symptoms  depend  upon  the  influence 
of  circulation  upon  the  sensory  nervous  system,  and  upon 
the  appreciation  by  the  indi-vidual  of  the  local  changes 
in  the  blood  supply.  Among  the  organs  of  the  circula- 
tion are  the  brain  and  the  kidneys.  "The  brain  is  a  highly 
sensitive  organ,  the  most  striking  function  of  which  is 
consciousness.  The  kidneys  are  insensitive  organs. 
The  brain  is  the  most  prominent  organ  of  con- 
scious circulatory  symptoms,  and  the  kidneys  the  most 
prominent  organs  of  those  symptoms  of  circulatory 
disease  that  develop  gradually  and  insidiously.  Changes 
in  the  peripheral  circulation  often  go  on  simultaneously, 
producing  evidently  conscious  symptoms,  referred  to  the 
brain,  which  lead  the  physician  to  seek  evidence  cf 
disease  in  the  kidneys.  From  what  -was  said,  in  the 
section  on  Etiology,  of  the  nervous  control  of  the  circula- 
tion, it  may  be  inferred  that  the  most  striking  changes 
in  the  blood-supply  are  often  found  in  nervous  disease. 
In  hysteria,  neurasthenia,  and  other  so-called  functional 
nervous  diseases,  the  vasomotor  system  becomes  dis- 
turbed, so  as  to  lead  to  the  most  erratic  distribution  of 
the  blood.  In  true  insanity  of  maniacal  type,  high 
blood-pressure  is  very  common;  and  in  depressed  types, 
poor  circulation,  with  cyanosis  of  the  extremities,  is 
most  characteristic.  From  all  this,  it  may  be  inferred 
that  the  symptomatology  of  disorders  of  the  blood-ves- 
sels needs  to  be  analyzed  to  separate  the  signs  of  import- 
ant organic  conditions  from  those  that  are  not  essentially 
due  to  disease  of  the  blood-vessels,  but  are  the  tempo- 
rary expression  in  the  circulation  of  other  conditions. 
In  deciding  this,  the  measurement  of  blood-pressure  in 
the  arteries  is  of  the  greatest  importance,  because  the 
persistent  rise  of  blood-pressure  is  an  indication  of 
circulatory  disease,  present  or  to  be  developed. 

The  direct  examination  of  the  radial  artery  for  the 
detection  of  disease  of  the  vessel  itself  is  the  first  step- 
in  diagnosis  of  arterial  sclerosis.  Palpation  of  the  radial 
artery,  as  represented  by  feeling  the  pulse,  is  the  one 
element  of  physical  examination  that  is  never  neglected 
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by  any  physician  in  any  case  of  illness.  Hence,  it 
represents  an  unusual  degree  of  experience.  Arterio- 
sclerosis is  often  detectable  by  the  examination  of  the 
pulse,  or  rather  of  the  radial  artery  and  its  pulsations. 
The  artery  is  to  be  examined  with  the  tips  of  all  the 
fingers;  first  studying  the  pulse-wave,  then  the  amount 
of  pressure  necessary  to  check  these  pulse-waves.  Then 
the  attention  must  be  turned  to  the  artery  itself,  which 
must  be  examined  for  patches  of  atheroma;  not  because 
atheroma  and  arteriosclerosis  are  the  same  condition, 
but  because  atheroma  is  very  apt  to  be  present  in  arterio- 
sclerosis. 

Diagnosis. — The  diagnosis  of  circulatory  disease  de- 
pends first  upon  the  recognition  of  disorders  of  the  blood- 
vessels, and  then  upon  the  decision  of  the  question 
w-hether  these  symptoms  are  merely  due  to  the  natural 
disturbance  of  the  circulation  incident  to  some  other 
disease,  or  whether  the  condition  is  essentially  a  disorder 
of  the  circulation  itself.  But  some  other  disease  may 
originally  cause  the  circulatory  trouble,  and  the  latter 
may  persist  after  the  other  disease  has  come  to  an  end, 
or  outbalance  it  in  importance. 

When  disease  of  the  blood-vessels  is  suspected,  the 
symptoms  to  be  elicited  in  the  interrogation  of  the 
patient  are  first  those  that  the  patient  connects  with  cir- 
culatory disease  and  those  that  pertain  to  our  own  knowl- 
edge of  the  effects  of  disturbed  blood-supply.  The  or- 
dinary symptoms  of  vasomotor  disturbance  are  chiefly 
observed  in  the  skin.  Dilatation  of  the  blood-vessels  is 
accompanied  by  sensations  of  heat,  throbbing,  and  per- 
haps sweating.  This  vasomotor  paralysis  will  be  found 
most  commonly  with  nervous  symptoms,  but  frequently 
occurs  as  an  independent  affection.  Or,  on  the  other 
hand,  an  a  case  of  vasomotor  spasm,  there  are  striking 
pallor  and  coolness  of  the  skin,  with  a  feeling  of  itching 
and  often  great  discomfort.  This  is  most  frequently 
observed  in  the  hands.  Sometimes  the  patient  will  be 
conscious  of  heat  and  redness  of  one  part  of  the  body, 
while  another  part  is  cold  and  pale.  Vasomotor  dis- 
turbance may  be  so  great  as  to  give  rise  to  local  swelling, 
due  to  the  effusion  of  serum,  or  even  to  gangrene  due  to 
vasomotor  spasm. 

The  symptoms  of  circulatory  failure  are  not  alone 
dyspnoea,  oedema,  and  visible  congestion  or  ansemia, 
though  these  are  the  cardinal  indications.  There  are 
certain  symptoms  of  obscure  origin  traceable  to  circula- 
tory disease,  which  are  overcome  only  when  that  is  given 
proper  attention. 

In  elderly  people,  one  of  the  most  frequent  and 
troublesome  of  symptoms  is  that  of  head  noises.  I 
have  under  observation  at  the  present  time  no  less  than 
four  patients  who  have  suffered  over  long  periods  of 
time  from  noises  referred  to  the  ear,  which  they  de- 
scribed as  puffing  or  blowing  sounds,  and  which  have 
been  extremely  annoying.  These  patients  had  all  been 
systematically  and  heroically  treated  for  ear  disease 
without  benefit;  but  when  the  circulation  was  properly 
controlled,  the  noises  became  so  sUght  as  not  to  be  com- 
plained of,  and  a  good  deal  of  the  time  not  to  be  noticed. 
These  patients  are  usually  found  in  the  group  of  com- 
mencing secondary  low  arterial  tension.  The  explana- 
tion of  these  sounds  would  seem  to  be  the  circulation  of 
blood  through  badly  filled  blood-vessels  in  the  neighbor- 
hood of  the  organ  of  hearing.  There  is  no  class  of  cases 
that  has  given  greater  satisfaction,  because  it  is  possible 
to  relieve  the  condition  that  causes  so  much  suffering, 
particularly  at  night. 

Another  obscure  manifestation  of  circulatory  disorder 
is  the  simulation  of  slight  attacks  of  paralysis.  These 
are  often  overlooked  unless  they  are  watched  for.  They 
consist  of  a  temporary  sUght  loss  of  power  of  a  transient 
nature,  on  one  or  the  other  side  of  the  body.  The 
patient  usually  describes  the  attack  as  a  "clumsiness"  of 
a  leg  or  an  arm.  If  on  the  right  side  of  the  body,  there 
is  sometimes  a  slight  loss  of  power  of  speech,  in  that 
certain  words  are  missing.  The  patient  usually  con- 
siders this  a  temporary  failure  of  memory.  These 
manifestations  are  often  the  same  as  those  which  indicate 


more  serious  disease  of  the  brain  with  impending  throm- 
bosis. However,  in  many  cases,  attention  to  the  general 
circulation  will  entirely  remove  the  symptoms,  so  that 
it  is  hard  to  believe  that  the  condition  was  purely  local 
in  origin. 

There  is  a  class  of  obscure  symptoms  of  circulatory 
disorder  which  consists  of  pain  in  various  parts  of  the 
body.  How  much  of  this  is  purely  circulatory  and  how 
much  of  it  belongs  to  the  gouty,  rheumatic,  and  nutri- 
tional disorders  that  are  common  in  the  same  class  of 
patients,  is  often  hard  to  determine.  It  is  suggestive 
that  these  painful  conditions  arise  at  times  of  circulatory 
debility  and  improve  when  the  circulatory  disease  is  in 
abeyance.  Attacks  of  sciatica  of  a  persistent  and 
troublesome  nature  are  particularly  apt  to  occur  in 
patients  commencing  to  suffer  from  secondary  low 
arterial  tension. 

There  is  a  really  pitiable  class  of  patients  who  may  be 
mentioned  here,  though  perhaps  not  quite  logically. 
These  are  persons  who  have  developed  a  very  painful 
and  chronic  neuritis  subsequent  to  attacks  of  extreme 
circulatory  oedema  of  the  lower  extremities.  It  may  be 
only  a  coincidence,  but  this  has  been  among  the  most 
difficult  conditions  to  relieve  of  all  that  have  come  under 
observation  in  connection  with  the  treatment  of  circu- 
latory disease. 

The  obscure  symptoms  of  circulatory  disease  would 
not  be  complete  without  a  consideration  of  those  that 
may  happen  during  the  stage  of  high  arterial  tension. 
Nosebleed  of  a  troublesome  character  is  a  frequent 
occurrence;  and  in  cases  in  which  one  is  puzzled  to  de- 
cide between  primary  and  secondary  low  arterial  tension 
the  history  of  a  period  during  which  nosebleed  was  very 
troublesome  may  be  of  help.  It  is  surprising  how  often 
this  history  is  elicited  from  patients  who  come  for  the 
first  time  in  the  stage  of  broken  compensation. 

The  number  of  conditions  due  to  congestion  secondary 
to  general  circulatory  disease  that  are  mistaken  for 
diseases  of  local  origin  is  very  great.  The  most  strik- 
ing of  these  is,  perhaps,  congestion  of  the  liver.  This 
develops  gradually,  the  blood  collecting  in  the  liver  and 
giving  rise  to  functional  derangements  of  this  organ  and 
of  the  other  organs  of  digestion.  The  liver  is  enlarged 
and  tender  on  pressure,  and  the  condition  is  often  ac- 
companied by  very  marked  disorder  of  the  stomach, 
on  account  of  which  it  is  frequently  mistaken  for  pri- 
mary gastric  disease.  That  this  is  not  the  case  is  proven 
by  the  fact  that  the  condition  is  reheved  only  when  the 
circulation  is  strengthened. 

The  circulatory  disorder  may  also  be  shown  in  its 
pulmonary  effects.  There  is  persistent  congestion  of 
the  lungs,  often  with  a  tendency  to  the  accumulation 
of  serum  in  one  or  both  pleural  cavities.  These  patients 
may  often  have  a  fairly  good  systemic  circulation  and 
very  obscure  indications  of  cardiac  disease.  The  inter- 
ference is  apparently  with  the  function  of  the  right  side 
of  the  heart.  Two  patients  of  this  character  were 
watched  over  a  long  period  of  time,  while  the  pulmonary 
congestion,  involving  repeated  attacks  of  bronchitis  and 
slight  cedema,  rendered  them  incapable  of  work.  The 
circulatory  disorder  is  masked  because  the  symptoms 
are  so  much  more  accentuated  in  the  thoracic  organs 
than  elsewhere. 

Circulatory  disorder  may  also  show  itself  in  its  effect 
upon  the  function  of  the  brain  by  attacks  of  acute  mania, 
or  more  often  by  the  development  of  a  chronic  mania. 
Changes  in  the  arteries  in  elderly  people  are  apt  to  be 
characterized  by  changes  in  disposition,  by  affections  of 
the  memory,  and  by  impairment  of  judgment.  The 
circulatory  derangement  may  be  shown  by  so  striking  a 
manifestation  as  general  convulsions.  These  patients 
are  often  supposed  to  be  suffering  from  idiopathic 
epilepsy.  However,  the  attacks  are  so  promptly  relieved 
by  appropriate  treatment  directed  to  the  circulation, 
which  would  have  no  effect  whatever  in  epilepsy,  that 
this  may  be  eliminated  from  the  diagnosis.  Of  course, 
there  are  relatively  rare  cases  in  which  real  epilepsy 
begins  late  in  life. 
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A  group  of  symptoms  on  the  border  line  between 
neurotic  and  circulatory  disturbances  forms  m  its  sum 
total  a  large  proportion  of  the  sufferings  of  huraamty. 
Abnormal  sensations  in  the  extremities,  numbnoss  and 
tingling  of  the  hands  and  feet,  a  feeling  of  formication 
extending  up  the  legs  and  thighs,  abnormal  coldness 
of  the  hands  and  feet,  cramps  in  the  muscles  of  the  legs 
occurring  at  night,  and  the  tendency  of  the  extremities 
to  "go  to  sleep"  as  it  is  called— all  these  tilings  may  be 
pure  neuroses,  but  often  enough  there  is  a  circulatory 
■element  in  their  causation.  As  was  suggested  in  a 
preceding  paragraph,  we  may  again  remark  that  the  thera- 
peutic test  will  decide  how  much  of  this  is  due  to  dis- 
order of  the  circulation.  Many  times  the  symptoms 
disappear  when  the  circulation  is  properly  regulated. 
A  few  doses  of  nitroglycerin  have  stopped  all  complaint 
oi  cold  extremities  in  "many  patients  of  this  type.  The 
possible  severity  of  pain  due  to  interference  with  the 
circulation  is  well  shown  in  cases  of  embolism  of  the 
-extremities  in  the  course  of  circulatory  disease.  No 
one  who  has  observed  this  accident  will  doubt  that  pain 
of  the  severest  type  may  be  due  to  interference  with  the 
circulation. 

High-tension  and  Low-tension  Cases.- — There  are 
two  great  groups  of  high-tension  and  low-tension  cases 
and  a  third  group  of  secondary  low  tension  following 
high  tension. 

Primary  Ijovypressure  Cases. — Disorders  of  the  general 
■circulation  are  generally  first  recognized  when  some 
particular  portion  of  the  body  becomes  the  seat  of  a 
marked  congestion  or  anaemia.  Then  two  conditions 
often  produce  symptoms  that  are  strikingly  similar. 
Delirium  may  be  the  result  of  congestion  of  the  brain, 
but  it  may  likewise  result  from  anaemia.  Dyspnoea  may 
be  an  accompaniment  of  congestion  of  the  lungs,  but  a 
deficient  blood-supply  is  its  most  common  cause.  Acute 
-congestion  of  the  kidneys  causes  suppression  of  urine, 
while  diminished  blood-supply  causes  deficiency  of  se- 
-cretion. 

The  effect  upon  an  organ  is  a  matter  of  the  proper 
■supply  of  fresh  blood,  not  merely  of  a  greater  or  lesser 
a-mount  of  blood  in  the  vessels  of  the  organ.  This  ex- 
plains beautifully  the  effect  of  local  therapeutics,  such 
■as  the  removal  of  a  small  quantity  of  blood,  or  the  in- 
■stitution  of  some  form  of  counter-irritation,  the  result 
of  which  is  to  start  up  a  stagnant  local  circulation. 
There  is,  however,  httle  gain  from  the  treatment  of 
local  congestion  or  anaemia  without  attention  to  the  gen- 
eral circulation  in  cases  where  the  cause  is  general. 
Hence  the  extreme  importance  of  recognizing  which 
■cases  are  of  purely  local  origin  and  which  have  their 
ongin  from  the  general  circulation. 

During  the  acute  stage  of  valvular  disease,  in  the 
large  majonty  of  cases,  circulatory  failure  does  not  be- 
come a  matter  of  special  anxiety.  Low  arterial  tension 
usually  shows  itself  when  the  patient  resumes  his  ordi- 
nary occupation.  The  symptoms  are  practicaUy  the 
same  tor  all  forms  of  valvular  lesions,  although  different 
in  degree  The  important  question  is  whether  the  de- 
lect has  been  properly  compensated,  and  whether  this 
■compensation  can  be  maintained.  In  general,  however, 
it  mayjae  considered  that  in  aortic  disease  the  defective 
circulation  IS  more  strikingly  due  to  an  insufficient  sup- 
ply ot  blood  in  the  arteries,  and  in  mitral  disease  to  an 
■increased  pressure  m  the  veins,  both  resulting  in  a 
diminution  of  the  difference  in  pressure  in  the  arteries 

f^    ''Tfi  "P-°''  ^^?^  ^^'^  proper  passage  of  the  blood 
through  the  tissues  depends. 

The  belief,  so  firmly  held  by  many,  that  cardiac 
■disease  IS  usually  confined  to  the  left  side  of  the  heart 
IS  not  borne  out  m  practice.  The  most  serious  and  fatal 
disorders  involve  the  nght  side  of  the  heart.  It  is  true 
that  inflamniation  and  distortion  of  the  valves  are  almost 
■entirely  confined  to  the  left  side  of  the  heart,  but  it  is 
hkewiso  true  that  both  sides  suffer  equally  in  the  incom- 
petencies of  the  valves  that  come  from  strain  or  weakness 
ot  the  heart  muscle,  as  seen  in  very  many  cases  of  disor- 
der ot  the  circulation.     The  left  side  of  the  heart  can  be 
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markedly  deficient  in  mechanical  detail  or  physical  struct- 
ure and  the  patient  may  get  along  fairly  well  until 
dilatation  involving  the  ri^ht  side  of  the  heart  takes  place 
with  tricuspid  regurgitation  and  its  resulting  venous 
engorgement. 

Low  arterial  pressure  is  to  be  regarded  as  pathological 
only  when  it  is  so  little  above  venous  pressure  that  the 
tissues  and  organs  are  not  properly  supplied  with  blood. 
There  are  instances  in  which  the  heart  is  perfectly  able 
and  willing  to  produce  more  arterial  pressure,  but  the 
peripheral  circulation  is  so  relaxed  that  it  is  not  needed. 
We  get  dangerous  low-pressure  cases  when  the  pressure- 
producing  mechanism  has  failed.  These  are  primary 
when  there  has  not  been  a  previous  overdemand  for 
pressure.  Low  blood-pressure  due  to  general  prostra- 
tion is  not  to  be  regarded  as  a  disorder  of  the  circulation 
except  in  so  far  as  the  circulation  fails  to  respond  to 
demands  made  upon  it.  Thus  in  shock  it  is  the  nervous 
system  that  it  at  fault,  not  the  circulatory  apparatus. 

The  indications  for  treatment  in  disorder  of  the  circu- 
lation characterized  by  deficiency  in  pressure  in  the 
blood-vessels,  which  is  primary  in  that  it  has  not  been 
preceded  by  liigh  arterial  tension,  are  simple,  though 
the  elaboration  of  the  management  of  each  case  will  tax 
the  judgment  and  ingenuity  of  the  physician.  When 
there  is  no  defect  in  the  valves  and  no  tendency  to 
obstruction  in  the  arteries  the  condition  is  usually  a 
weakness  of  the  heart,  and  much  may  be  accomphshed 
by  iron,  arsenic,  and  hypernutrition,  by  increasing  the 
number  of  meals,  and  by  outdoor  exercise. 

In  the  early  days  of  a  newly  acquired  valvular  lesion, 
prolonged  rest  in  bed  with  the  very  gradual  resumption 
of  a  more  active  Ufe  will  enable  both  the  heart  and  the 
body  in  general  to  adapt  themselves  to  the  new  con- 
ditions. Of  necessity,  there  must  be  a  compensatory 
hypertrophy,  but  it  is  not  to  the  advantage  of  the  pa- 
tient that  the  hypertrophy  be  excessive,  hence  the  desira- 
bility of  such  gradual  resumption  of  active  work.  Un- 
til subjective  symptoms  and  objective  signs  of  defective 
ciroulation  have  disappeared,  the  patient  must  be 
restricted  to  a  very  quiet  existence.  The  use  of  drugs 
at  this  time  is  usually  inadvisable,  yet  in  cases  of  long- 
delayed  compensation  digitaUs  may  be  used. 

When  compensation  is  estabUshed  and  proper  pressure 
in  the  arteries  maintained,  these  cases  may  stiU  be 
classed  in  the  category  of  low  arterial  tension  because  of 
their  tendency  to  this  condition,  just  as  we  consider  cases 
of  Bright's  disease  as  being  high-pressure  cases,  even 
when  the  condition  is  not  actually  present  at  the  time. 

During  the  stage  of  compensation,  which  may  be  of 
long  duration,  the  patient  should  lead  a  well-regulated 
existence — physical  overexertion,  mental  overanxiety, 
and  dissipation  of  all  kinds  must  be  avoided.  The 
occasional  use,  during  the  stage  of  compensation,  of  the 
iodide  of  sodium  as  a  means  of  preventing  degeneration 
of  the  hypertropied  heart  is  a  useful  procedure  even 
when  no  other  drug  therapy  seems  advisable. 

In  the  progress  of  cardiac  disease  there  are  many 
elements  that  are  not  unUke  the  advance  of  tuberculosis. 
The  term  "cardiac  cachexia"  has  been  appUed  to  a  form 
of  this  condition  accompanied  by  congestion,  but  it 
might  well  be  extended  to  include  the  deterioration  of 
fibre  which  leads  to  failure  of  the  circulatory  apparatus. 
In  tuberculosis,  the  connection  between  the  cachexia 
and  the  disease  is  so  e\'ident  that  its  hygienic  manage- 
ment needs  no  advocate.  It  is  equally  true  that  the 
progress  of  circulatory  disturbances  is  often  dependent 
upon  nutritional  causes,  and  that  the  hygiene  of  tubei'- 
culosis  in  its  demand  for  fresh  air  is  equally  important 
to  the  cardiac  patient.  The  vitalizing  effect  of  fresh  air 
in  these  cases  will  more  than  counterbalance  the  dangers 
of  catching  cold,  although  care  is  necessary  when  inflam- 
mation or  congestion  of  the  kidneys  is  present.  The 
patient  can  be  trained  to  sleep  with  open  windows. 

Low-pressure  due  to  degeneration  of  the  heart  muscle 
which  has  not  been  preceded  by  hypertrophy  is  not  at  all 
common  except  in  connection  with  acute  or  chronic  gen- 
eral disease.     But  little  is  accomplished  by  measures 
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directly  influencing  tlie  circalation.  The  same  is  true 
of  the  lieart  overloaded  with  fat.  Treatment  must  be 
hygienic,  though  the  defective  heart  muscle  demands 
precautions. 

High-presaure  Cases.  —  By  high-pressure  cases  are 
meant  those  circulatory  disorders  which  are  character- 
ized by  undue  resistance  in  tlie  circulatory  path  of  the 
blood.  It  is  not  necessary,  for  cases  to  be  classed  in 
in  this  category,  that  actual  high-pressure  should  always 
be  present  in  the  blood-vessels.  High-pressure  cases 
comprise  all  instances  in  which  degenerative  disease  of 
the  blood-vessels  or  kidneys,  brain  tension,  or  toxsemia 
causing  disordered  action  of  the  same  and  resulting  in 
high  arterial  tension,  precedes  or  goes  hand-in-hand  with 
the  development  of  cardiac  disease. 

Low-pressure  cases  occasionally  become  high-pressure 
cases,  as  when  valvular  disease  of  the  heart  causes 
secondary  Bright's  disease. 

The  management  of  high-pressure  cases,  which  in- 
clude a  large  proportion  of  the  slowly  developed  dis- 
eases incident  to  the  overwork  and  luxury  of  modern 
times,  is  relatively  more  important  than  that  of  the  low- 
pressure  cases.  It  is  particularly  important  to  detect 
the  earliest  development  of  a  tendency  to  high  arterial 
tension,  because  at  this  time  it  is  more  amenable  to 
treatment. 

As  implied  above,  in  this  class  of  cases  the  heart, 
blood-vessels,  and  kidneys  go  hand-in-hand,  and  serious 
disease  of  one  is  not  found  without  involvement  of  the 
others.  Hence  the  term  "chronic  Bright's  disease"  is 
frequently  used  in  speaking  of  these  cases.  But  chronic 
Bright's  disease  is  not  essentially  a  disease  of  the 
kidneys,  although  in  the  final  catastrophe  these 
organs  are  often  chiefly  at  fault.  Primarily,  it  is  a 
disease  of  the  circulation  in  which  the  brain  and  kid- 
neys, acting  as  it  were  as  end-organs,  first  manifest 
symptoms. 

A  case  which  had  been  under  observation  for  five  years 
ended  fatally  by  the  involvement  of  the  circulation  of 
the  brain,  producing  progressive  stupor,  and  finally 
coma,  paralysis,  and  death.  The  kidneys  at  the  time 
were  apparently  in  good  enough  condition  to  have  func- 
tioned fairly  well  for  a  much  longer  time.  In  this  case, 
the  greatest  care  had  been  exercised  in  protecting  the 
kidneys  by  diet,  an  even  temperature,  and  every  other 
possible  means,  thus  allowing  the  arterial  disease  an 
opportunity  for  its  complete  development.  The  same 
case,  if  less  carefully  guarded,  would  have  progressed,  by 
repeated  attacks  of  uraemia,  to  a  death  by  the  develop- 
ment of  anasarca  and  exhaustion.  We  have,  then,  the 
paradox  that  a  person  may  die  from  Bright's  disease  with 
fairly  good  kidneys. 

This  point  is  important  in  considering  the  early 
symptoms  in  high-pressure  cases.  The  kidneys  are  in- 
.  sensitive  organs,  rarely  giving  rise  to  pain,  intermittent 
in  their  manifestations,  and  entirely  removed  from  direct 
observation ;  for  this  reason  disorder  of  the  kidneys 
may  reach  a  grave  stage  before  it  becomes  a  matter  of 
consciousness.  On  the  other  hand,  the  brain,  as  the 
seat  of  consciousness,  is  highly  sensitive  to  any  inter- 
ference with  its  functions.  To  a  certain  extent  its  circula- 
tion is  capable  of  examination  through  the  observation 
of  the  fundus  of  the  eye,  which  is  in  close  relation- 
ship to  the  brain. 

Even  in  cases  in  which  chronic  Bright's  disease  fol- 
lows acute  nephritis,  one  watches  the  circulatory  system 
with  anxiety,  because,  when  changes  are  established, 
the  chance  of  complete  recovery  is  diminished.  In 
acute  Bright's  disease  the  heart  is  temporarily  debihtated 
so  that  there  is  often  established  a  blowing  systoUc  mur- 
mur at  the  apex,  and  the  profound  ansemia  and  nervous 
phenomena  that  accompany  the  disease  may  lead  to 
other  functional  disturbances  of  the  circulation.  These 
must,  however,  be  distinguished  from  the  changes  that 
take  place  in  the  arteries  which  indicate  the  transition 
from  subacute  nephritis  to  the  chronic  general  condi- 
tion. The  same  change  sometimes  indicates  the  es- 
tablishment of  a  chronic  nephritis  in  cases  of  valvular 


disease  of  the  heart  that  have  been  accompanied  by 
prolonged  congestion  of  the  kidneys. 

Cardiac  hypertrophy  is  often  the  earliest  detectable 
sign  of  chronic  nephritis.  Abnormal  arterial  tension 
may  for  the  moment  be  absent,  either  on  account  of 
treatment  or  from  some  other  cause  ;  but  when  physical 
examination  shows  distinct  cardiac  hypertrophy,  we 
suspect  at  once  a  high-pressure  case  of  circulatory 
disease. 

It  is  probable  that  an  increased  flow  of  urine  found  in 
early  Bright's  disease  is  due  as  much  to  increased  blood- 

Eressure  as  to  any  definite  change  in  the  kidneys.  Nose- 
leed  is  another  possible  result  of  increased  arterial 
tension,  and  may  therefore  indicate  the  beginning  of 
Bright's  disease.  Another  accompaniment  of  increased 
arterial  tension  is  headache,  due  apparently  to  increased 
vascular  tension  in  the  head.  I  would  also  mention,  as 
one  of  the  early  disturbances  of  high-pressure  cases,  at- 
tacks of  indigestion.  These  are  due  at  this  early  stage  to 
disturbances  of  circulation  in  the  stomach,  and  are  not 
to  be  confounded  with  ursemic  nausea. 

High-pressure  cases  more  often  develop  in  an  atypical 
than  in  a  typical  way,  and  even  in  their  final  fatal  course 
may  never  present  the  symptoms  that  one  would  expect. 
The  early  symptoms  are  often  an  unhealthy  look,  loss 
of  strength,  and  such  disturbances  of  digestion  as  may 
be  referred  to  simple  weakness.  The  urine  may  con- 
tain albumin  only  at  rare  intervals,  so  that  it  may  not 
be  detected  by  anything  save  systematic  observation. 

It  is  fair  to  say  that  the  early  signs  of  impending 
changes  in  the  blood-vessels  also  mean  the  early  circu- 
latory changes  of  Bright's  disease.  The  first  signs  of 
degeneration  are  manifested  by  disorder  of  function. 
The  blood-vessels  act  as  tubes  to  convey  the  blood  to 
different  parts  of  the  body  as  it  may  be  most  needed. 
It  is  this  regulating  function  which  first  suffers  when  the 
tendency  to  high  pressure  begins  to  show  itself,  so  that 
irregularity  of  tension  is  the  most  important  early  cir- 
culatory indication.  The  smaller  arteries  are  attacked 
earliest,  and  these  are  the  first  to  show  disordered  func- 
tion. Increased  arterial  tension,  or  a  tendency  to  it, 
causes  irregularity  of  bluod-pressure,  and  is  early 
recognized  by  symptoms  indicating  irregularities  of 
circulation  in  particular  parts  of  the  brain.  This  ir- 
regularity may  give  rise  to  temporary  unconsciousness, 
sUght  paralysis,  or  simply  to  clumsiness  of  a  limb. 

The  typical  high-pressure  case,  as  met  with  in  practical 
work,  is  usually  one  which  has  gone  on  to  its  full  develop- 
ment without  observation  or  treatment.  The  patient 
presents  himself  because  he  has  symptoms,  or  because 
on  some  occasion  an  examination  has  revealed  the  chem- 
ical or  physical  signs  of  the  condition.  The  heart  is 
found  hypertrophied,  the  arterial  tension  high,  and  the 
urine  increased.  Careful  questioning  will  elicit  symp- 
toms of  disorder  of  the  cerebral  circulation  as  indicated 
by  a  subjective  feeling  of  nervousness,  headache,  in- 
somnia, or  attacks  of  dizziness,  or  even  threatened  apha- 
sia and  hemiplegia. 

The  Blood-vessel  Tone-maintaining  Function  of  the 
Brain. — As  we  trace  the  development  of  the  circulation 
from  the  lower  forms  of  life  up  through  the  scale,  we  find 
that  the  control  moves  closer  and  closer  to  the  central 
nervous  system.  In  the  higher  forms  of  animals  a  tone- 
maintaining  function  is  easily  traced  to  the  medulla,  and 
I  beUeve  that,  in  man  at  least,  an  important  part  of  this 
function  is  found  in  the  cerebral  hemispheres. 

It  is  well-known  that  there  is  a  tone-maintaining  in- 
fluence originating  in  the  motor  areas  of  the  brain  that 
preside  over  the  tonicity  of  the  voluntary  muscles. 
When  a  stroke  of  paralysis  occurs,  due  to  damage  to  the 
part  of  the  brain  that  presides  over  the  motion  of  a  limb, 
that  limb  is  paralyzed  with  regard  to  voluntary  motion, 
but  at  the  same  time  there  occurs  a  relaxation,  a  loss 
of  tone,  in  the  blood-vessels  that  causes  swelling.  This 
suggests  the  fact  that  the  involuntary  muscles  were 
likewise  involved  in  a  loss  of  tone,  and  would  seem  strong 
evidence  of  this  blood-vessel  tone-maintaining  function. 
Not  only  may  local  blood-vessel  tone  be  affected  by 
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changes  that  occur  in  the  brain,  but  also  the  general 
tonicity  of  the  whole  circulatory  system.  In  all  brain 
conditions,  we  look  for  changes  in  the  peripheral  circula- 
tion. Emotion  may  cause  a  rapid  rise  of  blood-pressure. 
It  is  said  that  insane  asylums  are  full  of  high-pressure 
cases  due  to  cerebral  excitement.  In  cerebral  neurasthe- 
nia the  blood-pressure  is  apt  to  be  low. 

In  advocating  the  recognition  of  a  blood-vessel  tone- 
maintaining  function  of  the  brain  it  is  not  necessary  to 
minimize  the  importance  of  the  centre  in  the  medulla, 
whose  activities  in  this  direction  are  so  well  known. 
It  is  only  necessary  to  believe  that  the  activity  of  this 
centre  is  dependent  upon  stimulation  received  from  the 
brain.  A  recognition  of  this  function  of  the  brain, 
which  exercises  a  general  control  over  vessel  tone  and 
therefore  over  blood-pressure,  makes  it  much  easier  to 
understand  many  important  disorders  of  the  circulation; 
and  the  benefits  of  certain  plans  of  treatment  which  ex- 
perience has  proved  to  be  of  the  greatest  value.  It  ex- 
plains why  exercise  of  the  voluntary  muscles  has  so 
good  an  influence  over  disorders  of  tone  of  the  invol- 
untary muscles.  It  makes  clear  why  resistance  exer- 
cises have  vindicated  their  right  to  a  place  in  the  treat- 
ment of  disease  of  the  heart.  It  also  reveals  the 
development  and  points  the  way  to  treatment  of  idio- 
pathic vascular  hypertension,  a  disease  the  importance 
of  which  is  becoming  more  and  more  recognized  every 
day. 

Hypektonia  Vasorum  Idiopathica. — This  is  par 
excellence  the  disease  of  the  present  day  and  is  looming 
up  as  of  more  and  more  importance  in  proportion  as  it  is 
better  understood.  The  time  cannot  be  remembered 
when  successful  men  were  not  stricken  down  in  the 
midst  of  their  activities  by  apoplexy  or  so-called  heart 
failure,  but  of  late  years  it  is  increasingly  common  for 
those  men  and  women  who  play  the  most  prominent  part 
in  the  world  and  carry  the  heaviest  burden  of  responsi- 
bility, to  develop  finally  disorders  of  the  arteries  of  the 
brain  or  of  other  vital  organs,  resulting  on  the  one  hand 
in  apoplexy  or  on  the  other  in  Bright's  disease.  We 
have  attributed  these  breakdowns  too  often  to  chemical 
causes  arising  from  disorders  of  the  digestive  system, 
or  we  have  regarded  them  as  primarily  disease  of  the 
kidney,  developing  in  some  mysterious  way.  Too  often 
has  alcohol  been  blamed  when  in  reahty  it  was  hardly  a 
factor  in  the  case.  Why  should  it  be  that  persons  pre- 
eminent for  the  use  of  their  brains,  and  singled  out  for 
the  heaviest  responsibilities,  suffer  in  the  direction  of  the 
circulation  so  much  more  than  those  whose  occupation 
is  of  another  character?  The  reason  is  to  be  found  in 
the  effect  of  mental  strain  in  e.xaggerating  that  tone- 
maintaining  function  of  the  brain  that  was  discussed  in 
the  previous  section. 

Let  us  trace  the  development  of  such  a  case,  resulting 
in  an  attack  of  apople.xy.  A  composite  picture,  drawn 
from  the  mental  concept  of  this  disease,  tallies  almost 
line  by  hne  with  many  concrete  examples.  The  pa- 
tient is  a  man  of  good  family  history,  inheriting  sturdy 
qualities  from  an  ancestry  that  has  developed  strength 
through  the  successful  contest  with  the  difficulties  of  the 
development  of  a  new  country.  He  has  been  well 
educated  and  has  led  a  healthy  and  active  youth. 
From  the  very  beginning,  he  has  been  a  worker  among 
his  fellows  and,  spurred  on  by  one  success  after  another, 
by  middle  life  he  has  attained  a  position  of  importance 
and  usefulness.  Now  his  qualities  have  been  recognized, 
and  one  burden  after  another  has  been  laid  upon  him. 
He  has  become  a  factor  in  government,  in  biisiness,  in 
intellectual  pursuits,  and  in  philanthropy.  Such  a  man, 
unmmdful  of  the  fact  that  he  is  past  middle  age,  and  that 
the  body  no  longer  has  the  recuperative  power  of  youth, 
contmues  his  work  unceasingly,  without  those  relaxa- 
tions that  attract  men  of  a  lighter  turn  of  mind.  The 
man  feels  perfectly  well,  but  a  change  has  taken  place  in 
the  machinery  of  his  body.  The  influence  from  the 
central  nervous  system,  which  maintains  the  blood- 
vessels m  a  proper  state  of  tonicity,  has  become  exag- 
gerated through  the   overflowing  of  the   mind   strain. 


and  the  blood  no  longer  circulates  with  ease.  Now  it 
is  hard  to  keep  the  blood  in  proper  circulation,  but 
without  any  manifest  symptoms  the  heart  becomes 
enlarged  and  still  carries  on  the  work.  The  two  fac- 
tors of  arterial  contraction  and  cardiac  hyperactivity 
result  in  high  blood-pressure.  This  in  turn  results  in 
structural  damage  to  the  blood-vessels  in  the  brain,  the 
kidneys,  and  elsewhere.  Unconsciously,  the  man  is 
living  in  constant  danger.  Some  day  there  arises 
some  incident  in  his  career  that  leads  to  an  unusual  de- 
gree of  worry  or  mental  strain,  and  there  develops  a 
tendency  to  inflammation  in  the  already  damaged 
blood-vessels  of  the  brain,  the  blood  clots  the  circulation, 
most  likely  near  the  speech  centre  on  the  left  side,  and  an- 
other prominent  man  has  fallen  victim  to  an  attack  of 
apoplexy.  Sometimes  the  picture  is  varied  and  one  of 
the  arteries  that  supply  the  heart  substance  with  blood 
is  stopped,  and  the  man  drops  dead  in  his  tracks;  or 
in  another  case  the  kidneys  gradually  give  out.  Not 
infrequently  the  abdominal  arteries  show  the  first  indica- 
tions by  terrific  digestive  disturbance,  <;aiising  great 
distention  of  the  stomach  with  gas  and  marked  irregular- 
ity of  the  heart.  This  is  my  mental  concept  of  hyper- 
tonia vasorum. 

Even  after  any  one  of  these  serious  accidents,  much 
can  be  done  for  a  man  made  of  such  good  stuff,  but  how 
much  more  satisfactory  would  be  the  prevention  of  such 
an  accident  by  proper  medical  treatment  and  a  suitable 
regimen ! 

I  would  register  a  protest  against  those  who  decry  the 
use  of  drugs  in  circulatory  disease,  because  in  all  medicine 
there  is  no  condition  in  which  proper  drug  treatment  is 
of  greater  value,  and  none  in  which,  to  my  mind,  its  use- 
fulness seems  more  easily  demonstrated.  The  remedies 
must,  however,  be  used  with  appreciation  of  the  fact  that 
they  are  to  regulate  an  active  mechanism  that  is  always 
changing  in  its  demands,  and  that  the  one  needed  at  one 
time  may  be  contraindicated  a  httle  later. 

This  implies  very  careful  medical  super\'ision,  particu- 
larly when  the  case  first  comes  under  treatment.  By  a 
process  of  re-education  of  physiological  processes,  con- 
trol of  function  becomes  easier  and  easier ;  and,  as  the  pa- 
tient becomes  familiar  with  his  tendencies,  the  physician 
can  in  a  measure  yield  control.  The  details  of  treat- 
ment must  be  worked  ovit  for  each  individual  with  di;e 
regard  to  the  relation  of  blood-pressure,  heart  disease, 
and  blood-vessel  damage. 

The  management  of  high-pres.sure  cases  is  perhaps 
the  most  important  part  of  our  subject,  as  it  is  also  the 
one  in  which  the  greatest  advance  has  been  made.  The 
recognition  of  the  functional  element  in  cardiovascu- 
lar disease  marks  perhaps  the  greatest  single  advance 
in  the  appreciation  of  the  therapeutic  needs  of  patients 
suffering  from  disorders  of  the  heart  and  circulation. 
If  we  beheve  that  the  therapeutic  modification  of  func- 
tion is  of  advantage  only  so  long  as  the  effect  of  oir 
rernedies  lasts,  then  we  must  indeed  be  therapeutic 
nihilists,  for  truly  enough  we  cannot  continue  indefinitely 
to  use  vasodilators,  cardiac  stimulants,  and  alteratives. 
We  have  faith  in  the  cure  of  cardiovascular  disease 
because  the  persistent  and  patient  modification  of  func- 
tion by  diet,  drugs,  suitable  exercise,  and  a  carefully 
selected  en\ironment  finally  educates  the  person's 
physiological  activities  so  that  they  act  normally  after 
the  withdrawal  of  active  measures.  This  education 
or  re-education,  by  which  functional  derangements  are 
removed,  holds  out  hope  of  a  permanent  cure  of  hyper- 
tonia vasorum  and  the  removal  of  damaging  high 
blood  pressure.  It  is,  of  course,  most  useful  before 
tissue  damage  has  been  wrought  by  the  pressure  violence 
to  the  nutritive  vessels  of  the  heart,  brain,  or  kidneys. 

In  an  early  case  of  high  arterial  tension  of  nervous 
origin  the  important  element  in  physiological  re-edu- 
cation consists  in  training  the  A-ictim  to  eliminate  worry 
and  a  tendency  to  too  great  concentration  of  interest  in 
whatever  pursuit  is  occupying  him.  Worry  is  in  a  meas- 
ure a  habit  and  can  be  eliminated  by  a  person  of  strong 
intellect,  who  definitely  decides  to  let  events  in  a  measure 
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take  their  own  course,  and  the  too  great  concentration 
on  one's  occupation  is  a  self-indulgence  that  often  ignores 
the  importance  of  other  things  and  the  legitimate  claim 
of  the  lighter  things  of  hfe  upon  the  attention. 

The  business  man  should  be  content  with  a  reasonable 
financial  success,  and  the  professional  man  with  a  reason- 
able degree  of  distincticn.  In  a  paper  read  before  the 
New  York  State  Medical  Society  in  1907,  Dr.  H.  L. 
Eisner  pointed  out  that  physicians  themselves  should  be 
on  their  guard  lest  they  suffer  from  the  evils  of  high  ten- 
sion in  their  own  circulation.  The  patient  should  deliber- 
ately eliminate  under  the  ad^•ice  of  his  physician  all  un- 
necessary burdens  of  responsibility.  If  the  man  or 
woman  has  occupied  a  position  of  trust,  and  has  given 
that  devotion  to  work  that  has  led  to  hypertonia  in 
the  circulation,  he  or  she  is  certainly  entitled  to  pass  the 
burden  on  to  some  one  else.  Often  enough,  when  un- 
necessary bm-dens  are  thrown  off,  it  is  perfectly  possible 
to  take  care  of  what  are  left.  The  world  is  not  to 
be  reformed  in  one  genea-ation,  and  no  one  was  ever 
meant  to  carry  the  burdens  of  the  universe. 

Next  to  the  elimination  of  worry  and  undue  concentra- 
tion of  mental  effort  comes  the  question  of  nutrition  and 
■diet .  ^  Many  persons  consider  themselves  undernourished, 
when  in  fact  the  opposite  is  the  case.  A  critical  examina- 
tion of  tho  blood  and  urine  often  shows  distinct  evidence 
of  an  excess  of  food  in  persons  who  are  seeking  to  be  built 
up  by  physical  rest  and  a  diet  selected  for  its  nutritious 
qualities.  When  this  is  the  case,  the  food  should  be 
restricted  in  quantity — sweets  eliminated,  and  meat 
greatly  reduced.  The  popular  prescription  of  with- 
holding from  these  patients  all  food  that  has  contained 
blood  may  be  extreme,  but  it  is  in  the  right  direction. 
Third,  but  not  least  in  importance,  is  the  matter  of 
physical  exercise.  Here  we  come  upon  the  relationship, 
which  I  have  often  traced,  between  the  tone-maintain- 
ing function  over  the  voluntary  muscles,  and  a  possible 
similar  function  with  regard  to  the  involuntary  muscles. 
Exercise  should  be  carried  on  systematically,  whether 
the  patient  feels  like  it  or  not.  A  distaste  for  physical 
exercise  often  goes  with  this  condition,  and  must  be  over- 
come by  emphatic  instructions  by  those  responsible  for 
the  welfare  of  the  patient.  There  is,  undoubtedly,  some 
advantage  in  the  resistance  movements,  though  massage 
•does  not  seem  suited  to  niany  patients  with  high  blood 
pressure.  It  has  seemed  to  me  that  the  resistance 
movements  were  valuable  in  removing  overtone  through 
some  connection  with  the  tonus  of  the  voluntary  muscle. 
While  the  patient  is  under  treatment,  or  re-education, 
the  circulation  must  be  regulated  as  far  as  possible  by 
■drugs  that  improve  the  muscular  tone  of  the  heart  and 
those  that  overcome  an  excess  of  tone  in  the  blood- 
vessels. These  must  be  given  under  skilled  direction  of 
some  one  who  has  the  knowledge  and  authority  to  regu- 
late the  time,  quantity,  and  nature  of  the  medication  al- 
most from  hour  to  hour,  to  meet  the  manifestations  of  the 
pathological  physiology  of  the  disordered  circulatory 
■system.  In  some  instances  a  few  weeks  will  counteract 
the  commencing  high  tension,  and  the  individual  may 
go  on  for  years  without  its  developing  again.  In  more 
severe  cases,  several  months  are  necessary.  In  cases 
that  have  lasted  a  long  time  a  year  is  necessary  for  the 
physiological  re-education.  The  intelligent  co-operation 
of  the  patient  and  the  friends  of  the  patient  is  absolutely 
necessary.  In  difficult  cases,  the  work  is  most  dis- 
couraging at  first,  though  often  enough  after  a  few 
weeks  the  beneficial  results  become  rather  suddenly 
apparent  to  every  one.  Where  there  are  distinct  evi- 
dences of  broken  compensation,  treatment  must,  of 
course,  be  commenced  by  keeping  the  patient  in  bed, 
but  these  patients  can  often  least  afford  the  debilitating 
effect  of  bed  treatment,  and  the  sooner  outdoor  treat- 
ment can  be  instituted  the  better.  An  attack  of  apo- 
plexy does  not  preclude  the  possibility  of  good  results 
from  physiological  education  in  high-pressure  cases,  but, 
of  course,  makes  the  problem  more  difficult.  Particu- 
larly is  this  true  when,  as  is  often  the  case,  there  is  a 
distinct  tendency  to  depression  of  spirits,  approaching 


melancholia;  for  the  mental  tension  that  goes  with  this 
stage  makes  the  high  tension  hard  to  control.  Physio- 
logical re-education  should  begin  early,  but  unfortunately 
this  newly  recognized  condition  of  idiopathic  vascular 
overtone  is  not  generally  enough  recognized  for  the  ne- 
cessity of  such  active  treatment  to  be  appeciated  as 
often  as  it  should  be. 

In  its  early  stages  it  is  a  disease  without  symptoms 
because  the  heart  first  brings  into  play  its  reserve  force, 
and  then  painlessly  becomes  enlarged,  and  the  severer 
accidents  of  the  development  of  Bright's  disease,  of 
apoplexy,  or  of  heart  failure  have  to  do  only  with  the 
fully  developed  condition.  It  behooves  every  one, 
particularly  if  over  fifty,  to  have  the  vital  organs  in- 
spected at  regular  intervals,  so  that  overtone  may  be 
early  recognized  and  prevented. 

The  Use  of  Nitrites. — When  Brunton  applied  amyl 
nitrite  to  the  treatment  of  angina  pectoris,  he  achieved 
a  signal  triumph  in  therapeutics.  Not  less  was  the  tri- 
umph of  the  more  gradual  application  of  the  nitrites  in 
general  to  the  treatment  of  vascular  spasm.  These 
were  first  well  used  by  those  who  had  witnessed  their 
development  and  were  familiar  with  their  philosophy  and 
limitations.  Unfortunately,  the  student,  coming  later 
upon  the  field  of  medicine  and  finding  the  nitrites  in 
general  use  for  vascular  disease,  jumped  naturally  to 
the  conclusion  that  they  were  the  remedies  par  excel- 
lence and  used  them  in  a  routine  way  in  the  treatment 
of  these  cases.  The  observation  of  this  fact  makes  it 
seem  useful  at  this  time  to  emphasize  the  necessity  of 
conservatism  in  this  matter.  It  is  a  trite  saying  that 
we  should  always  treat  the  patient  and  not  the  disease, 
meaning  by  this  that  we  must  carefully  recognize  the 
exact  physiological  and  pathological  conditions  present, 
and  so  influence  them  as  to  bring  about  the  cure  of 
disease.  Patients  differ  widely  in  their  beha\'ior  under 
the  nitrites,  and  for  that  reason  every  ease  requires 
physiological  study  to  determine  the  amount  of  drug 
necessary  and  how  it  should  be  applied.  To  apply 
vasodilators  without  also  in.«tituting  hygienic  measures 
to  reduce  the  irritability  of  the  heart  and  restore  the 
exhausted  or  disordered  nervous  system  is  to  overlook 
an  important  element  in  the  problem  of  cure.  The 
necessity  for  the  use  of  vasodilators  is  diminished  in 
proportion  to  the  intelligence  and  success  attending 
these  accessory  measures. 

In  Bright's  disease  there  is  probably  some  substance 
circulating  in  the  blood  that  irritates  the  muscular  coats 
of  the  vessels  and  causes  contraction.  This,  with  the 
physiological  attempt  of  the  heart  to  carry  on  the  cir- 
culation, again  brings  about  high  tension.  "\\'hen  high 
tension  antedates  the  onset  of  nephritis  it  may  well  be 
supposed  that  the  tension  has  something  to  do  with  the 
production  of  nephritis. 

A  physiological  increase  of  blood-pressure  is  caused 
whenever  there  is  nervous,  muscular,  or  physiological 
exertion.  Prolonged  nervous  strain,  such  as  that  met 
with  in  an  exciting  business  career,  or  in  prolonged  dis- 
sipation, keeps  up  a  tendency  to  tension  that  is  particu- 
larly apt  to  lead  to  arterial  degeneration.  Muscular 
action  is  less  prone  to  produce  damage,  and  probably 
does  so  only  in  rare  instances  of  long  training  and  severe 
contests  of  strength.  The  reason  for  this  is  that  exer- 
cise is  accompanied  by  natural  dilatation  of  the  arterial 
circulation,  improved  nutrition,  and  relief  afforded  by 
perspiration.  The  physiological  activities  of  the  body 
are  usually  accompanied  by  too  slight  a  stimulation  of 
the  circulation  to  count  for  much  in  health,  but  are  worth 
considering  in  disease. 

In  the  case  of  a  person  suffering  from  abnormal  ten- 
sion, it  is  especially  important  to  do  away  with  mental 
strain  and  responsibility.  Such  a  person  should  not  in- 
dulge in  violent  exercise,  but  is  benefited  by  slow  exer- 
cise. Food  should  be  moderate  in  amount,  taken  at 
frequent  intervals.  Sugar  and  alcohol  should  be  done 
away  with  entirely,  if  possible,  and  meat  used  only  in 
limited  amount. 

When  the  vasodilators  are  given  it  is  to  produce  a 
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definite  physiological  effect  which  is  capable  of  being 
appreciated  by  the  observer.  The  dose  required  to 
produce  this  effect  differs  widely  in  different  individuals 
and  under  different  circumstances.  In  a  large  number 
of  cases  the  remedies  are  now  so  given  that  no  effect  what- 
ever is  produced.  Crude  therapeutic  thought  is  re- 
sponsible for  this.  The  idea  is  conceived  thp.t  the  ni- 
trites are  good  for  kidney  and  heart  disease,  and  so  they 
are  administered  with  the  hope  that  the  patient  may 
be  benefited  thereby.  If  improvement  takes  place  the 
medicine  receives  the  credit,  whether  it  has  done  its 
work  or  not.  The  word  "conservatism"  means  more 
than  caution,  more  than  small  dosage.  It  means  the 
working  out  of  the  possibilities  of  the  remedy  and  its 
application  in  such  a  way  as  to  fulfil  its  broadest  mission, 
so  that  it  may  not  be  wasted  or  abused— wasted  when 
used  in  non-active  doses  and  abused  when  used  too 
often  or  in  too  great  quantity.  With  the  vasodilators 
a  careful  regulation  of  the  dose  is  of  vital  importance, 
for  their  final  action  may  be  dilatation  and  paralysis  of 
the  heart  through  a  complete  breaking  down  of  that 
great  power  which  moderates  all  muscular  activity. 

When  nitrites  are  used  it  is  also  of  the  utmost  impor- 
tance that  the  preparation  selected  should  he  reUable. 
I  have  known  patients  to  take  for  a  long  time  tablets 
supposed  to  be  nitroglycerin  which  were  frequently 
found  to  be  inert.  When  no  benefit  is  obtained  in  con- 
ditions in  which  nitroglycerin  is  clearly  indicated,  this 
may  be  fairly  suspected.  As  a  test,  one  of  the  tablets 
should  be  given  to  a  healthy  person,  who  should  im- 
mediately feel  the  throbbing  in  his  head  due  to  the  dilated 
blood-vessels  and  the  stimulation  of  the  heart.  If  no 
effect  is  felt,  a  new  preparation  must  be  sought  and  this 
tested.  The  one-per-cent  solution  of  glonoin  is  prob- 
ably more  reliable,  but  is  not  nearly  so  convenient  for 
patients  as  the  tablet.  I  have  found  granules  of  nitro- 
glycerin, gr.  ^^-f,  very  convenient. 

Cases  muso  be  studied  from  time  to  time  by  the  with- 
drawal of  these  drugs,  and  by  the  substitution  of  other 
drugs  of  a  different  class.  Particularly  is  it  important 
in  every  such  case  to  know  from  actual  observation  the 
effect  of  digitalis  in  such  doses  as  bring  about  distinct 
physiological  phenomena. 

But  few  diseases  can  be  treated  by  specific  measures, 
and  cardiovascular  disease  is  particularly  remote  from 
such  an  ideal.  The  end  which  drugs  accomplish  is 
such  control  of  the  circulation  as  will  tend  to  benefit 
the  condition  of  the  tissues,  or  the  prevention  of  the 
condition  of  these  tissues  from  working  injury  to  the 
body  as  a  whole.  The  management  of  cardiovascular 
disease  is  like  the  running  of  an  intricate  machine.  The 
physician  must  study  the  machine  itself  and  learn  all  its 
resources.  He  must  know  the  use  of  every  tool  and  the 
effect  of  the  turning  of  each  screw.  It  is  no  abuse  of  the 
privileges  of  the  physician  to  study  his  cases  thera- 
peutically by  testing  from  time  to  time  the  effect  of  dif- 
ferent classes  of  drugs,  though  he  return  after  each  trial 
to  the  original  plan  of  treatment.  It  is  the  height  of 
arrogance  to  assume  that  his  inductive  reasoning  can 
plan  for  each  case  a  permanent  course  of  management. 
Such  action  would  lead  only  to  humiliation  and  disap- 
pointment. How  exasperating  it  is,  when  for  a  long 
period  of  time,  on  theoretical  grounds,  we  have  abstained 
from  the  use  of  such  a  drug  as  digitalis,  to  find,  some 
time  or  other,  that  our  patient  has  taken  it  through  the 
advice  of  the  corner  druggist  and  has  received  appreciable 
benefit  from  it!  Of  course,  we  know  very  well  that  the 
corner  druggist  had  no  right  to  experiment,  but  perhaps 
the  risk  was  worth  taking,  after  all. 

There  is  a  particular  form  of  pulse  in  which  nitrogly- 
cerin is  not  so  valuable  as  a  number  of  other  drugs. 
This  is  a  high-tension  pulse,  with  persistently  rapid  heart 
action.  In  these  cases,  I  have  sometimes  seen  the 
greatest  benefit  from  the  use  of  digitalis.  Nitroglycerin 
has  a  twofold  action  in  stimulating  the  heart  and  dilat- 
ing the  blood-vessels.  Digitalis  has  a  twofold  action  in 
slowing  the  heart  and  contracting  the  blood-vessels. 
Theoretically  digitalis  would  not  act  in  these  cases;  but 


practically  in  a  case  of  nephritis  with  a  high  tension  and 
rapid  pulse,  digitalis  will  often  show  its  controlling  ac- 
tion upon  the  heart  in  greater  degree  than  any  of  its 
other  effects,  and  in  that  way  bring  about  a  slower  pulse  • 
with  less  apparent  tension.  At  the  same  time,  digitalis 
will  clear  up  congestion  of  the  kidneys  and  cause  a  better 
secretion  of  urine. 

Even  when  tension  does  exist  in  cardiovascular  dis- 
ease with  nephritis,  it  should  be  realized  that  some  ten- 
sion may  be  desirable.  As  time  goes  on  in  such  a  case, 
the  greatest  danger  to  be  feared  is  a  too  great  lowering 
of  the  blood  tension,  with  its  accompanying  congestions 
and  effusions.  In  the  presence  of  symptoms  indicating 
disturbances  of  cerebral  circulation,  such  as  numbness 
or  awkardness  of  one  of,  the  extremities  or  slight  diffi- 
culty in  speech,  the  vasodilators  are  imperatively  needed. 
Sodium  iodide  has  alsc>  an  undoubted  power  to  post- 
pone paralytic  attacks  due  to  the  plugging  of  blood- 
vessels. 

A  word  as  to  the  possibility  of  recovery  from  cardiovas- 
cular degenerative  disease.  The  heart  symptoms  are 
those  of  myocarditis  and  the  kidney  symptoms  those  of 
chronic  nephritis.  The  tendency  of  the  blood  is  to  be- 
come of  poor  quality.  Every  one  knows  that  under 
ordinary  circumstances  a  person  starting  with  this  form 
of  disease  has  a  tendency  to  become  worse.  How- 
ever, I  do  not  believe  that  this  need  always  be  the 
case.  With  a  properly  planned  regimen  and  the  pos- 
sibility of  carrying  it  out,  and  with  careful  medication 
and  other  therapeutic  measures,  the  heart  may  recover 
its  tone  so  that  all  symptoms  of  degeneration  will  disap- 
pear, and  the  kidneys  may  settle  down  to  do  their  work 
according  to  a  particular  plan,  but  well  enough  for  the 
maintenance  of  health. 

It  is  hard  to  prove  the  regeneration  of  kidney  tissue, 
though  the  physiological  hypertrophy  of  one  kidney  when 
the  other  is  removed  leads  to  a  belief  in  its  possibility. 
Certainly  there  are  many  persons  passing  a  large  quan- 
tity of  urine  of  low  specific  gravity  and  with  a  slight  trace 
of  albumin,  who  maintain  year  in  and  year  out  signs  of 
health.  Their  heart,  blood-vessels,  and  kidneys  have 
readjusted  themselves  and,  though  bearing  the  scars  of 
disease,  are  carrying  on  the  functions  of  the  body  in  a 
satisfactory  manner.  I  have  pictured  this  condition 
because  it  is  extremely  interesting  to  decide  in  these 
cases  how  much  we  shoukl  intervene  with  drugs  to  alter 
the  heart  action  or  relax  the  blood-vessels.  It  seems 
to  me  that  in  the  absence  of  symptoms  sodivim  iodide 
will  accomplish  the  best  purpose  and  that  the  use  of  the 
nitrites  should  be  limited. 

Management  of  Secondarrj  Low-pressure  Cases. — The 
treatment  of  low  arterial  tension  which  is  secondarj' 
to  long-existing  high-tension  conditions  has  two  elements 
— first,  the  correction  of  circulatory  errors  by  the  action 
of  drugs  -{vhich  have  the  jiower  to  modify  physiological 
forces  in  various  parts  of  the  circulatory  circuit,  and, 
second,  the  restoration,  as  far  as  possible,  of  the  health 
of  the  tissues  upon  derangement  of  which  the  trouJale 
often  rests. 

In  diseases  of  the  circulatory  apparatus  attention  is 
too  often  concentrated  upon  the  first.  In  instances  of 
temporary  embarrassment,  or  of  extra  demands  on  ac- 
count of  complicating  diseases,  this  first  element  be- 
comes of  supreme  importance,  but  in  thd  long  run  it  is 
the  second  element  upon  which  success  in  the  care  of 
circulatory  disorders  is  dependent. 

In  this  connection,  it  is  important  to  differentiate 
between  the  symptoms  and  the  disease.  Dropsy  of  the 
dependent  portions  of  the  body  is  a  symptom  whicli  does 
not  always  demand  treatment.  If  of  moderate  degree, 
and  dependent  upon  well-understood  causes,  it  is  often 
the  part  of  good  judgment  to  undertake  the  second 
element  of  treatment,  neglecting  for  the  time  being  the 
symptom,  the  removal  of  which  would  require  interven- 
tion in  the  physiological  activity  of  the  heart,  such  as 
might  neutralize  treatment  directed  to  the  circulation 
as  a  whole;  indeed,  there  is  often  much  harm  done  in 
such  cases  by  violent  attacks  upon  symptoms. 
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llost  writers  on  circulatory  disease  have  passed  over 
■\vitli  scant  consideration  tlie  management  of  cases  with 
general  oedema  and  steadily  progressive  symptoms, 
which,  if  not  checked,  uniformly  lead  to  a  fatal  termina- 
tion. It  is  unscientific  to  disregard  these  cases  in  con- 
sidering various  forms  of  treatment  at  length,  dismissing 
them  with  a  single  clause.  This  is  frequently  done  in 
speaking  of  the  Nauheim  treatment,  progressive  cases 
being  usually  sjjoken  of  as  unsuitable.  There  is  always 
the  possibihty  in  any  particular  case  that  we  may  be 
mistaken  in  our  estimate  of  it,  and  the  patient  is  entitled 
to  the  treatment  even  at  the  risk  of  discrediting  the 
system  by  the  limitation  of  results  because  of  the  severity 
of  the  case. 

In  primary  low  arterial  tension  the  heart  muscle  is  in 
a  position  to  recover  its  tone  if  depleted  by  acute  disease, 
or  to  develop  a  compensatory  hypertrophy  if  overtaxed 
by  defective  valves.  In  secondary  low  arterial  tension 
the  heart  has  already  for  the  time  being  exhausted  its 
power  of  compensatory  hypertrophy,  and  while  the  ten- 
dency to  resistance  in  the  arteries  persists,  there  is  no 
adequate  response  on  the  part  of  the  heart. 

Little  is  gained  symptomatically  is  extreme  cases  by 
the  use  of  vasodilators,  because  the  blood-pressure  is 
already  low.  Little  is  gained  by  digitalis,  because  the 
heart-muscle  is  not  in  a  position  to  respond.  The  com- 
bination of  drugs  of  the  digitalis  group  with  drugs  of  the 
nitrite  group  produces  a  certain  amount  of  symptomatic 
response,  but  in  the  end  does  not  produce  permanent 
results  unless  combined  with  measures  that  will  hold  the 
advantage  gained.  Excessive  drugging  is  a  mistake.  A 
single  large  dose  of  digitalis  at  night  is  often  better  than 
divided  doses.  A  good  fluid  extract  put  into  a  capsule 
and  swallowed  at  bedtime,  the  dose  being  determined  by 
experiment,  has  often  proved  very  satisfactory.  At- 
tention to  the  digestive  organs  is  of  the  utmost  impor- 
tance. Milk  is  often  badly  borne  and  should  be  replaced 
with  the  most  nutritious  food  that  will  agree  with  the 
patient. 

As  often  as  possible,  these  patients  should  be  put  upon 
a  regimen  directed  to  the  improvement  of  nutrition  and 
to  the  healthfulness  of  the  body  in  general,  such  as  hydro- 
therapy in  the  form  of  warm  saline  baths,  a  nutritious 
diet  without  too  much  regard  to  theories  as  to  gout  or 
disease  of  the  kidneys,  and  exercise  in  the  open  air  up  to 
the  point  where  dyspnoea  interferes. 

We  are  dealing  often  enough  with  dangerous  condi- 
tions, and  it  is  not  possible  to  compare  the  result  in  a 
particular  case  with  what  it  would  have  been  under  other 
circumstances.  A  man  must  be  of  limited  experience 
indeed  who  has  not  seen  such  a  patient  do  better  when 
disregarding  advice  that  planned  treatment^  of  such  a 
condition  by  prolonged  rest  in  bed,  restricted  diet, 
and  excessive  drug  therapy. 

Secondary  low  arterial  tension  is  the  final  result  of 
many  causes  acting  along  the  line  of  those  forces  which 
tend  to  the  termination  of  life  in  the  natural  course  of 
events,  hence  it  is  to  be  combated,  not  by  drugs  alone, 
but  by  all  those  methods  that  are  known  to  remove 
cachexia,  and  restore  tone  to  the  blood  and  solid  tissues. 

Louis  Faugeres  Bishop. 


ASIATIC  CHOLERA.— (Synonyms:  Epidemic  cholera. 
Cholera  asphyxia,  Algid  cholera.  Malignant  cholera, 
Cholera  spasmodica.  Pestilential  cholera,  Pestilential 
asphyxia,  Oriental  cholera.  Choleric  pestilence,  Indian 
cholera,  Ganglionitis  peripherica  et  medullaris,  Tri- 
splanchnia,  Hyperanthraxis,  Morbus  oryzeus  [because 
supposed  by  Tytler  to  be  due  to  damaged  rice],  Trousse- 
galant.  Cholera  gravior,  Vishucki  or  Vishuchiki  [by  Hin- 
doo physicians],  Haouwa  [tornado]  in  Bagdad.)  (For  a 
wider  discussion  of  terminology,  see  Macpherson,  "An- 
nals of  Cholera,"  chapter  ii.,  ed.  1884.) 

The  derivation  of  the  word  cholera  is  usually  from 
xok^  pea  (flow  of  bile),  or  xo^°C  Ma  (intestinal  flux),  but 
the  correct  one  is  probably  that  given  by  Jobard,  of 
Brussels  (Oae.  Med.  de  Paris,  1833,  p.   389),  who  con- 


siders the  term  to  be  made  up  from  two  Hebrew  words, 
choli-ra  (or  morbus  mains). 

Asiatic,  or  epidemic,  cholera  is  an  acute  infectious  dis- 
ease that  is  endemic  in  certain  parts  of  India,  and  that 
has  during  the  last  century  advanced  out  of  that  country 
to  other  parts  of  the  world,  where,  in  its  epidemic  form, 
it  has  produced  great  loss  of  life.  It  is  characterized  by 
its  great  fatality  among  the  communities  to  which  it  may 
be  transported,  by  the  apparent  ease  with  which  it  has 
been  carried  from  place  to  place,  and  by  its  invariably 
following  the  lines  of  travel  in  its  march  from  one  place- 
to  another.  It  is  distinctly  a  disease  of  the  gastro-intes- 
tinal  tract,  produced,  primarily,  by  a  micro-organism  and 
attended  with  secondary  symptoms,  due  to  the  absorp- 
tion of  toxic  principles  elaborated  during  the  develop- 
ment of  this  micro-organism. 

There  is  only  a  difference  of  degree  between  cholera, 
choleraic  diarrhoea,  and  cholerine — the  disease  is  the  same 
in  all  these  forms  provided  that  they  are  accompanied  by 
the  activity  of  the  spirillum  of  Koch.  So  far  as  true 
cholera  and  cholera  nostras  are  concerned,  there  is  a  very 
great  similarity,  or  rather  there  may  be,  between  the 
clinical  symptoms  of  the  two  diseases,  but  tlie  differ- 
entiation may  be  easily  made  by  the  isolation  of  the 
specific  spirillum  of  the  former.  The  same  thing  is  true 
in  regard  to  the  diflerentiation  of  true  cholera  from  an 
attack  of  indigestion,  which,  if  severe  enough,  may  take 
on  many  of  the  characteristics  of  true  cholera.  Cholera 
nostras  is  a  seasonal  disease  and  is  not  transportable,  and 
it  has  been  known  for  ages.  True  cholera  made  its  first 
advance  out  of  India  in  1817,  and  since  that  time  haa 
been  seen  periodically  in  Europe.  In  all  cases  it  has  fol 
lowed  the  line  of  travel,  and  has  never  been  seen  to  be 
distributed  in  any  other  way.  Therefore  true  cholera 
never  makes  its  appearance  except  after  other  cases  have 
been  seen  that  might  excite  suspicion,  while  cholera, 
nostras  appears  only  in  liot  weather,  in  sporadic  cases, 
and  dies  out  if  the  weather  becomes  cooler. 

The  period  of  cyanotic  chills,  although  one  of  the  most 
striking  in  both  diseases,  gives  no  special  indications  for 
diflferential  diagnosis,  i'or  the  same  thing  is  seen  as  an 
accompaniment  of  many  other  diseases,  as  acute  ca- 
tarrhal diarrhoeas,  acute  poisonings,  etc.  The  prodromic 
period  exists  in  cholera  nostras  practically  always,  but 
not  nearly  always  in  true  cholera. 

The  period  of  reaction  is  of  importance  in  differential 
diagnosis.  In  cholera  nostras  it  Is  usually  benign — if  the 
patient  escapes  the  violence  of  the  first  attack,  convales- 
cence is  as  a  rule  easy  and  rapid ;  with  true  cholera,  on 
the  contrary,  convalescence  is  exceedingly  dangerous — 
full  of  pitfalls,  and  may  terminate  fatally  at  any  time. 

Mention  of  the  disease  is  made  in  Sanscrit  and  Chinese 
writings.  It  is  spoken  of  by  Hippocrates  (Epidemics), 
and  successively  by  Aretseus,  Celsus,  Galen,  Caelius- 
Aurelianus,  Aetius,  Paulus  iEginatus,  and  Alexander  de 
Tralles.  All  of  these  writers,  with  many  others,  refer  to 
affections  resembhng  the  cholera,  but  it  is  not  until  the 
seventeenth  and  eighteenth  centuries  that  we  find  de- 
scriptions of  the  epidemic  disease.  Genuine  epidemics, 
analogous  to  cholera,  are  described  by  Rivifire,  who  made 
his  observations  at  Nlmes  in  1564,  and  by  Zacutus  Lusi- 
tanus,  who  saw  several  in  different  parts  of  Europe  in 
1600.  The  most  remarkable  accounts  by  authors  of  this- 
epoch  are  those  of  Willis  ("Opera  Gen.,"  1680,  t.  xi.,  p. 
74),  describing  epidemics  in  London,  in  1670,  of  what 
he  called  "dysenterica  aquosa  epidemica,"  of  Thomaa 
Sydenham,  In  1669-76  ("Oper.  Med.,"  Geneva,  1723,  pp. 
106  and  184),  and  of  Torti  ("Therap.  Spec,"  liv.  iii., 
cap.  ii.,  and  liv.  iv.,  cap.  j.).  Bontius  ("De  Medic.  In- 
dorum.,"  Lugd.  Batav.,  1643,  p.  136),  Delon  ("Voyage 
aux  Indes  Orient.,"  Amsterdam,  1684),  and  Thevenot 
("Voyage  aux  Indes  Orientales,"  Paris,  1689,  tom.  iii.) 
observed  and  described  epidemic  cholera  in  India.  In 
1761,  Donald  Monro  ("An  Account  of  the  Diseases  in  the 
British  Military  Hospital  in  Germany,"  London,  1764,  p. 
97)  saw  an  epidemic  of  cholera  in  Westphalia ;  as  did 
Agton  Douglass  and  Bisset,  in  1768,  in  the  north  of  Eng 
land  and  in  Scotland.     Harlem  ("  Die  Indische  Cholera  " 
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1831  t.  i.,  s.  144)  quotes  many  dissertations  upon  the 
disease,  but  it  is  not  until  the  last  century  that  we  have 
a  clear  account  of  the  transportation  of  the  disease  from 
place  to  place.  Prom  1817  it  seemed  to  take  on  a  new 
power  of  travelling,  and  owing  to  this  spread  the  oppor 
tunities  for  its  study  have  vastly  increased.  The  new 
methods  of  intercourse  and  commerce  were  probably  re- 
sponsible for  the  appearance  of  the  disease  in  Europe— 
not  any  new  property  which  it  developed. 

A  study  of  the  history  of  the  epidemics  that  have 
occurred  outside  of  India  will  easily  demonstrate  the 
facts  in  regard  to  the  ways  by  which  the  disease  is  trans- 
ported from  place  to  place. 

History  of  Epidemics  of  Cholera  and  Their  Les- 
sons.—The  dispute  is  active  as  to  whether  true  cholera 
existed  in  India  before  its  appearance  outside  of  its  limits 
in  1817,  but  the  probabilities  are  all  in  favor  of  its  hav- 
ing done  so,  epidemics  of  considerable  proportions  being 
reported  in  the  eighteenth  century;  the  especial  point 
that  seems  to  be  changed  in  its  nature  being  that  it  then 
seemed  to  take  on  the  property  of  migration.  Whether 
this  was  in  reality  a  new  property,  or  whether,  as  is  mucli 
more  probable,  it  was  simply  brought  to  the  notice  of 
Europeans  by  their  being  first  attacked  by  it,  is  an  un- 
settled question.  There  is  no  doubt,  however,  of  the 
very  great  influence  e.xerted  upon  its  spread  by  the  great 
pilgrimages  to  the  various  shrines  of  India ;  nor  is  tiiere 
any  doubt  that  tlie  sole  home  of  true  cholera — the  one 
place  where  it  is  present  all  the  )'ear  in  an  endemic  form 
— is  the  delta  of  the  Ganges.  There  are  also  certain 
places  in  India,  Indo-China,  China  and  Japan  in  which  it 
seems  to  be  present  nearly  all  the  time,  but  it  certainly  is 
not  endemic  in  Persia,  on  the  borders  of  the  Caspian  Sea, 
nor  in  Mecca. 

From  this  one  place  in  which  it  is  endemic,  cholera  has 
always  been  transported  to  Europe  in  the  steps  of  the 
traveller  and  along  the  routes  of  commerce ;  neither 
wind,  moisture,  electricit3^  nor  any  of  the  forces  of  na- 
ture have  taken  any  active  part  in  the  actual  transporta- 
tion of  the  disease,  although  unfavorable  climatic  and 
liygieuio  conditions,  of  course,  may  plaj'  a  favoring  part 
in  the  development  of  the  disease,  after  the  arrival  of  its 
cause. 

Epidemics  of  Cholera.— Cholera  has  made  five  ap- 
pearances in  Europe- in  1830,  in  1846,  in  1865,  in  1884, 
and  in  1892.  Each  one  of  these  appearances  was  a  great 
epidemic. 

There  had  been  also,  in  1823,  in  Astrachan,  a  small 
epidemic  of  cholera,  important  because  it  traced  the 
route  that  the  succeeding  invasions  would  follow. 
Leaving  Persia,  where  it  prevailed  in  1832,  cholera  in- 
vaded tlie  southern  provinces  of  Persia,  forming  the 
southern  shore  of  the  Caspian  Sea.  After  some  ravages, 
it  became  quiescent  during  the  winter  of  1823,  to  reap- 
pear in  April,  1833,  at  Recht.  From  this  city,  following 
the  western  shore  of  the  Caspian  Sea,  it  crossed  the  Rus- 
sian frontier  in  June,  at  the  little  town  of  Astara.  From 
Astara  it  reached  Lenkoran  on  the  39th  of  June.  On  the 
11th  of  September  it  was  seen  at  Bakou,  and  on  the  33d 
at  Astrachan,  where  it  soon  disappeared. 

The  First  Epidemic— Tha  epidemic  of  1830  had  the 
same  ongm.  Ghilan  and  Mazanderan,  the  two  Persian 
provinces  before  invaded,  were  attacked  in  1829.  The 
disease  was  quiescent  during  the  winter,  but  appeared  in 
the  spring  in  Ghilan  and  in  the  little  port  of  Enselli, 
situated  several  hours'  journey  from  Recht.  As  in  1822, 
the  cholera  followed  the  western  border  of  the  Caspian 
Sea,  and  showed  itself  about  the  middle  of  June,  1830,  at 
feahan.  Takmg  here  two  different  directions,  on  the  one 
side  It  appeared  at  Bakou,  Kouba,  and  Derbent,  and  in- 
vaded Astrachan ;  on  the  other,  following  the  whole  val- 
ley of  the  Koura,  it  advanced  toward  Tiflis,  passing  by 
Ehzabethpol,  and  spreading  throughout  the  whole  of  the 
Caucasus,  In  this  way  it  reached  successively  the  neigh- 
boring regions  of  Astrachan,  and  advanced  up  the  Volga. 
On  the  4th  of  August  it  was  at  Saratow,  thence  extend- 
ing into  Russia,  and  reached  the  other  European  States. 

Ihis  epidemic,  by  ..certain  extremely  interesting  pe- 


culiarities, demonstrated  from  the  very  first  the  trans- 
portability of  cholera. 

The  Second  Epidemic— Ivi  1846,  after  having  reached 
Salian  by  a  course  identical  with  the  preceding,  cholera 
was  seen  on  November  8th  in  the  city  of  Chemacka,  a 
short  distance  from  Salian.  It  was  in  Bakou  and  at  Der- 
bent in  December.  Forgotten  during  the  winter,  it  ap- 
peared in  April,  1847,  in  the  districts  of  Derbent  and  of 
Kouba,  and  at  Tamir-Khan-Choury.  From  thence  it 
was  transported  by  sick  soldiers  to  the  mineral  waters  of 
Kisliar.  The  disease  was  disseminated  among  the  Cal- 
mucks  scattered  over  the  steppes  near  the  Volga. 

On  July  loth  it  appeared  at  Astrachan,  and  advanced 
at  the  same  time  toward  Tiflis.  From  Tiflis  it  reached 
Koutais,  and  was  soon  carried  to  Trebizond. 

North  of  Tiflis,  the  cholera  followed  the  great  military 
road  that  crosses  the  Caucasus  at  tlie  height  of  seven 
thousand  feet,  and  toward  the  end  of  July  it  existed  at 
Stavaropol,  on  the  other  slope.  (It  is  to  be  observed 
that  before  reaching  Tiflis,  the  cholera  entered  Persia 
by  the  great  routes  of  travel  that  pass  from  Bakou,  by 
Eiivan,  Natchichievan,  Djoufa,  Ordoubaz,  and  on 
toward  Tauris.  On  the  one  side  it  attacked  the  region 
of  the  Black  Sea,  and  invaded  all  its  ports;  on  the  other, 
it  passed  through  Russia,  Germany,  France,  and  Italy.) 

A  striking  thing  about  these  epidemics,  aside  from  the 
exact  places  that  they  attack,  is  their  progress  by  suc- 
cessive stages — a  form  of  advance  that  is  always  the 
same,  and  which  is  a  trait  common  to  all  the  epidemics 
of  cholera  that  have  followed  the  land  route.  This  sec- 
ond epidemic  persisted  until  1855. 

The  Third  Epidemic — The  great  epidemic  of  1865  was 
the  first  one  appearing  by  the  sea  route.  It  demonstrated 
that  the  danger  is  not  localized  on  the  Caspian  Sea,  but 
that  it  is  also  present  on  the  shore  of  the  Red  Sea.  Its 
appearance  by  this  route  upset  all  the  doctrines  that  had 
been  held  until  that  time,  and  the  panic  that  it  produced 
in  Europe  resulted  in  the  first  conference  at  Constanti- 
nople. It  is  interesting  to  follow  in  some  of  its  phases 
the  course  of  this  epidemic,  because  its  influence  has 
been  great.  It  started  from  Mecca,  having  been  brought 
into  that  city  by  ships  coming  from  India  filled  with 
pilgrims.  Toward  the  end  of  April  it  broke  out  in  Mec- 
ca and  at  Medina.  The  mortalitj'  increased  very  greatly 
during  the  three  feast  days  at  Arafat.  More  than  thirty 
thousand  of  the  pilgrims  died  of  cholera,  and  the  prog- 
ress of  the  disease  showed  that  everytchere  it  accompanied 
these  pilgrims.  Egypt,  by  reason  of  its  proximity  to 
Mecca,  was  the  first  country  attacked. 

From  May  19th  to  June  10th  ten  steamers  landed  from 
twelve  to  fifteen  thousand  pilgrims  at  Suez.  By  false 
declarations  from  the  captains  they  were  passed  at  Suez, 
although  the  Sydney,  an  English  steamer,  had  lost  a  num- 
ber of  cases  during  the  voyage.  The  first  steamer,  land- 
ing May  19th  at  Suez,  had  thrown  its  dead  into  the 
sea.  On  the  31st,  cases  appeared  at  Suez,  and  among 
the  number  were  tlie  captain  of  the  vessel  and  his  wife. 

June  3d,  the  first  case  appeared  at  Alexandria,  and  in 
two  months  cholera  had  four  thousand  victims  in  Alex- 
andria, and  in  Egypt,  in  less  than  three  months,  it  pro- 
duced the  death  of  more  than  sixty  thousand  individuals 
The  foreign  population  emigrated  en  masse,  and  carried 
with  them  throughout  the  entire  world  the  germs  of  the 
disease.  Europeans  and  Levantines,  to  the  number  of 
from  thirty  to  thirty-five  thousand,  started  for  all  the 
ports  of  the  Mediterranean,  and  cholera  developed  at 
Constantinople,  at  Smyrna,  at  Beyrout,  in  Mesopotamia, 
and  at  Odessa  on  the  Black  Sea,  and  was  carried  to  New 
York  and  Guadaloupe  by  steamers,  appearing  in  the  port 
at  the  smite  time  that  the  steamer  landed  its  passengers. 

Its  importation  into  New  York  was  as  follows-  The 
Atlanta,  an  English  ship,  left  London  on  October  10th 
with  a  cargo  of  merchandise  and  forty  passengers.  The 
sanitary  condition  of  London  was  at  that  time  excellent. 
Reaching  Havre  on  the  lltli,  where  it  remained  one  day 
only,  it  embarked  five  hundred  and  sixty-four  new  pas- 
sengers, mostly  Swiss,  who  had  all  passed  through  Paris, 
where,   with  certain  exceptions,  thev  had  remained  at 
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least  a  short  time,  and  where  at  the  same  time  cholera 
was  raging  with  great  intensity.  Two  German  families 
had  stayed  in  Paris  at  the  Hotel  of  La  Ville  de  New 
York,  and  five  days  at  the  hotels  of  the  Weissen-Lamm 
^nd  Hultgarderhof.  Some  emigrants  that  had  arrived 
several  days  before  in  these  last  hotels  had  fallen  sud- 
xienly  ill.  The  steamer  sailed  on  the  13th,  and  on  the  next 
-day  there  was  a  death  from  cholera  of  a  child  in  the  fam- 
ily coming  from  the  Weissen-Lamm  Hotel.  Five  other 
-deaths  followed  on  the  14th,  the  16th,  the  18th,  the  19th, 
and  the  22d,  in  the  family  that  had  stayed  at  the  Hult- 
garderhof. 

On  the  arrival  of  the  Atlanta  the  surgeon  declared  60 
■cases  of  cholera,  and  15  deaths  during  the  voyage.  Two 
"deaths  occurred  in  port,  and  of  the  143  patients  sent  to 
the  Marine  Hospital  from  November  6th  to  19th,  6  died, 
■which  makes  a  total  of  23  deaths.  The  Atlanta  was  im- 
mediately isolated  in  the  lower  bay,  and  after  ten  days  of 
■quarantine  all  the  sick  were  removed,  and,  thanks  to 
-these  measures.  New  York  was  preserved. 

There  were  also  importations  .in  1866  by  the  steamers 
Virginia  and  England. 

The  epidemic  of  1865  ceased  in  1874,  and  there  was  no 
other  case  seen  in  Europe  until  1884,  although  there  were 
interesting  manifestations  in  other  countries  and  on  the 
-sea — interesting  from  the  point  of  view  of  the  transpor- 
"tability  of  the  disease. 

The  Fourth  Epidemic. — The  epidemic  in  Egypt  in  1883 
"was  no  surprise  to  those  who  knew  the  sanitary  condition 
of.  the  country.  Cholera  appeared  at  Damietta  toward 
-June  19th  or  20th,  possibly  a  little  earlier,  and  its  explo- 
-sion  at  this  time  is  ascribed,  certainly  by  the  French,  to 
the  suppression  of  all  sanitary  precautions,  including 
ciuarantine,  by  authority  of  the  British  Government. 
This  epidemic  at  Damietta  increased  for  about  fifteen 
days,  remained  stationary  for  about  five  or  six  days,  and 
then  diminished  just  as  speedily.  It  was  almost  extinct 
A  month  after  its  appearance,  having  claimed  from  two 
tliousand  to  twenty-five  hundred  victims.  The  spread 
of  the  disease  throughout  Egypt  was  manifest  and  rapid. 
{An  interesting  account  of  how  this  epidemic  reached 
Damietta  is  given  in  Proust's  work  on  the  "  Defence  of 
Europe  against  Cholera,"  Paris,  1892,  p.  7.) 

Cholera  had  not  yet  died  out  in  Egypt,  before  the  news 
■came  that  it  had  broken  out  among  the  pilgrims  to  Mec- 
-ca,  and  there  has  been  much  discussion  as  to  the  origin 
of  this  epidemic. 

In  1884  a  number  of  vessels  left  the  extreme  East,  and 
had  cases  of  cholera  on  board  during  their  voyage ;  but, 
by  reason  of  the  precautions  taken,  Egypt  and  Europe 
■escaped  flie  danger  at  this  time. 

The  first  case  of  cholera  seen  at  Toulon  occurred  on 
June  13th,  on  the  ship  Montebello  ;  a  second  case  on  June 
14th;  a  third  on  the  18th,  on  the  Jupiter,  near  the  Monte- 
■bello ;  a  fourth,  also  on  the  18th,  on  the  Montebello ;  a 
fifth,  June  20th,  on  the  Alexander,  which  was  also  placed 
near  the  Jupiter  and  the  Montebello.  After  the  21st  the 
•disease  spread  through  different  quarters  of  the  city,  and 
it  is  thus  shown  that  it  did  not  make  its  appearance  at 
"Toulon  in  the  city,  but  just  outside. 

Its  importation  into  Marseilles  occurred  by  the  appear- 
-ance  of  the  first  case  on  June  27th,  in  a  young  man,  who 
had  three  days  before  come  from  Toulon.  The  next 
■case,  which  occurred  on  June  28th,  was  that  of  a  man 
who  lived  in  the  same  neighborhood ;  and  from  this  time 
onward  the  disease  continued  to  spread. 

In  Paris  there  appeared  two  cases  on  the  13th  or  14th 
of  July,  but  the  epidemic  did  not  really  begin  until  the 
4th  of  November. 

In  Brittany  the  first  case  was  not  observed  until  Sep- 
tember 20th,  at  Concarneau.  Other  ports  were  succes- 
sively invaded. 

Algeria  was  attacked  in  1884,  and  there  was  a  slight 
Tecurrence  in  Algeria  and  in  Tunis  in  1885. 

Cholera  was  brought  to  Italy  in  1884  by  the  Italian 
workmen,  who,  to  the  number  of  more  than  eight  thou- 
sand, returned  to  their  country  after  the  extension  of  the 
cholera  to    Toulon  and   Marseilles.    The   province  of 
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Cuneo,  in  Piedmont,  was  the  first  one  attacked,  on 
June  37th,  and  the  disease  spread  successively  to  dif- 
ferent parts  of  Italy,  to  Genoa,  Naples,  Venice,  Sicily, 
and  so  on. 

It  appeared  in  Spain,  in  the  month  of  August,  in  the 
province  of  Alicante,  and  ceased  toward  the  middle  of 
October,  reappearing  in  the  middle  of  February,  in  the 
district  of  Gandia,  raging  through  the  month  of  June  to 
the  month  of  December,  1885,  and  producing  a  consider- 
able mortality.  It  is  remarkable  that  it  attacked  espe- 
cially the  small  towns  more  than  the  lai'ge  cities.  The 
Commune  of  Aldea  de  San  Miguel,  with  only  five  hun- 
dred inhabitants,  lost  more  than  half  of  them  in  thirty-six 
days. 

Cholera  also  appeared  on  the  Adriatic  shores  of  Croatia, 
at  the  end  of  1885,  and  in  1886  on  many  points  of  the 
Austro-Hungarian  shore  in  Istria  and  in  Dalmatia. 

The  comparison  of  the  mortality  in  France,  Italy,  and 
Spain  is  interesting.  In  France  and  Algeria  together 
there  were  13,000  deaths  in  a  population  of  39,000,000— 
1  in  3,000  inhabitants.  In  Italy  there  were  35,000  deaths 
in  26,000,000,  that  is  to  sav,  1  death  in  600  inhabitants. 
In  Spain  there  were  180,000  deatlis,  among  17,000,000 
inhabitants,  that  is  to  say,  1  death  in  100  inhabitants. 
So  it  appears  that  Italy  was  attacked  five  times  more 
severely  by  the  epidemic  than  France,  and  Spain  six 
times  more  severely  than  Ital}-,  and  thirty  to  forty  times 
more  severely  than  France. 

Much  has  been  said  about  the  immunity  of  Portugal 
during  the  epidemic  of  1884  and  1885  in  Spain.  Many 
reasons  can  be  brought  forward  for  this,  viz.,  the  slight 
tendency  of  the  Spaniards  to  take  refuge  in  Portugal, 
the  geographical  conditions,  and  finally,  the  prophylactic 
measures  taken  at  the  frontier. 

In  spite  of  the  imperfect  quarantine  and  incoherent 
measures  prescribed  by  the  governments  of  South  America 
against  the  vessels  coming  from  Europe,  a'  ship  from 
Genoa,  the  Perseo,  carried  cholera  to  Buenos  Ayres,  and 
the  disease  spread  into  the  Argentine  Republic,  IJruguay, 
and  Chili. 

From  1884  to  1886,  a  period  of  three  j'ears,  more  than 
twenty  vessels  coming  from  the  extreme  Orient  to  Eu- 
rope, on  passing  through  the  Red  Sea  and  the  Suez  Canal, 
had,  either  at  the  moment  of  their  departure  or  during 
the  voyage,  cases  of  cholera. 

17*6  Cliolera  of  1889,  1890,  1891,  and  1892  (the  fifth 
epidemic). — In  1890  cholera  appeared  in  Irak-Arabi,  in 
Mesopotamia,  in  Persia,  and  in  Syria,  where  it  had  not 
been  seen  for  almost  twenty  years.  It  had  been  imported 
into  the  region  bordering  on  the  Red  Sea  and  into  Mecca, 
where  it  had  not  been  since  1888,  and  it  was  observed  in 
Spain,  where  it  had  been  extinct  since  1885. 

In  summing  up  what  we  know<of  the  origin  of  cholera 
in  Irak-Arabi  and  in  Mesopotamia  in  1889  and  1890,  the 
following  must  be  our  conclusions : 

It  is  very  difficult  to  admit  that  the  cholera  of  Irak- 
Arabi  can  be  attributedto  the  revival  of  the  old  epidemic 
of  1871,  and  if  this  hypothesis  be  excluded,  we  are  obliged 
to  accept  the  idea  of  importation,  and  it  is  only  possible 
to  think  of  one  portal  of  entrance,  the  Persian  Gulf,  and 
one  source  in  India,  namely  Bombay  and  its  environs. 

We  know  from  other  sources  that  during  and  before 
the  appearance  of  cholera  in  Irak-Arabi  the  mortality  of 
this  disease  in  Bombay  and  its  environs  reached  the  enor- 
mous number  of  more  than  six  hundred  deaths  a  week. 
The  condition  of  the  vessels  of  the  British  India  Com- 
pany, that  alone  regularly  frequent  the  Persian  Gulf, 
bring  passengers  there,  and  frequently  bring  pilgrims 
from  India,  has  been,  to  say  the  least,  suspicious.  Every- 
thing points  therefore  to  the  conclusion  which  bears 
every  appearance  of  truth  that  the  cholera  penetrated 
into  Irak-Arabi  through  Chat-el-Arab.  The  importation 
was  performed  in  this  way  much  more  probably  than  by 
any  other  means. 

In  regard  to  the  epidemic  of  1890-91  in  Hedjaz,  Proust 
offered  to  the  Committee  of  Hygiene  the  following  con- 
clusions which  were  accepted :  (1)  The  cholera  of  Came- 
ran  was  imported  by  an  English  vessel  coming  from  In- 
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dia;  (3)  the  cholera  of  Hedjaz  appears  to  have  been 
TarouKht  by  the  sea  route;  (3)  the  pilgrimage  to  Mecca 
is  a  constant  menace  to  the  health  of  Europe ;  (4)  the 
measures  prescribed  for  the  government  of  the  pilgrms 
to  Mecca  have  not  prevented  the  cholera  from  develop- 
ing and  it  is  therefore  necessary  to  perfect  these  meas- 
ures- (5)  the  prophylactic  measures  prescribed  by  the 
Alexandrian  Conference  at  the  time  of  the  return  of  the 
pilgrims,  have  this  year  prevented  the  disease  from  gain- 
ing a  foothold  in  Egypt  and  in  Europe.  There  is  reason, 
therefore,  for  continuing  this  conference  and  for  giving 
it  more  authority  and  making  it  in  reality  international. 
There  is  also  reason  for  increasing  the  means  for  isolation 
and  disinfection  on  the  Red  Sea.  .    .     ,.  ^,     . 

The  epidemic  which  appeared  in  Spain  m  the  month  ot 
May,  1890,  and  lasted  until  the  end  of  November,  gave 
rise  to  much  discussion  in  regard  to  its  origin,  a  discus- 
sion that  reached  no  final  conclusion. 

In  1890  cholera  also  appeared  in  Japan,  beginning  in 
June  and  lasting  throughout  the  year.  Over  46,000 
cases  were  reported.  The  epidemic  of  1893  appeared 
first  in  Southern  Russia  and  thence  spread  to  isolated 
parts  in  the  north  of  Europe,  notably  Hamburg,  where 
it  continued,  with  declining  severity,  into  1893  and 
1894. 

In  September,  1893,  10  cases,  with  8  deaths,  occurred 
in  New  York,  being  imported  from  Hamburg,  or  prob- 
ably derived  from  such  imported  cases,  and  73  cases, 
•with  48  deaths,  occurred  in  the  harbor,  together  with  56 
suspicious  cases  of  disease  thought  to  be  cholera.  In 
1893,  33  cases,  4  fatal,  occurred  in  the  harbor,  and  one 
death,  verified  by  bacteriological  examination,  took  place 
in  Jersey  City,  where  there  were  also  6  deaths  following 
a  disease  clinically  diagnosticated  as  cholera.  Since  then 
no  cases  have  occurred  in  this  country. 

In  1895  .there  were  serious  epidemics  in  China  and  Ja- 
pan, over  13,000  cases,  with  over  8,000  deaths,  being  re- 
ported from  the  latter  country. 

In  1896  cholera  appeared  in  Russia,  Turkey,  Egypt, 
and  a  few  cases  in  Austria.  During  the  years  from  1897 
to  1901,  inclusive,  cholera  does  not  appear  to  have  spread 
beyond  the  regions  where  it  is  endemic,  except  a  few 
cases  imported  from  those  places. 

In  1903  cholera  assumed  epidemic  form  in  Mecca,  Tur- 
key, Russia,  Japan,  and  China.  There  were  also  a  few 
cases  in  Egypt  and  other  southern  Mediterranean  coun- 
tries. In  the  Philippines,  between  March  30th  and  the 
end  of  October,  over  4,300  cases,  with  more  than  3,300 
deaths,  occurred  in  Manila,  and  in  the  provinces  outside 
of  that  city  over  103,000  cases,  with  between  66,000  and 
67,000  deaths.  Since  that  time,  and  into  1903,  cases  of 
cholera  have  occurred  in  these  islands.  The  first  case 
came  from  Hong-Kong. 

Transportability  and  Means  by  which  the  Dis- 
ease IS  Transported.— The  transportability  of  the  dis- 
ease is  demonstrated  by,  first,  the  facts  in  regard  to  its 
propagation  after  it  has  been  imported ;  second,  by  the 
efficacy  of  certain  measures  of  prevention ;  third,  by  the 
general  inarch  of  epidemics  of  cholera;  and  fourth,  by 
the  development  of  epidemics  in  the  infected  localities. 

1.  PropagaMon . — Brochard,  in  "Du  Mode  de  Propaga- 
tion du  Cholera,"  Paris,  1861,  reports  a  very  large  num- 
ber of  observations  favoring  the  idea  of  the  transport- 
ability of  cholera,  and  the  number  of  instances  proving 
this  is  so  great  that  they  need  only  to  be  spoken  of  to  be 
accepted. 

An  illustration  may  be  taken  from  the  article  by  Huette, 
in  the  Arch.  Oen.  de  Med.,  5th  series,  vol.  vi.,  p.  571. 

In  speaking  of  cholera  in  Chatillon,  he  says  that  the 
first  case  was  observed  in  the  Faubourg  du  Puirault,  in 
a  workman,  thirty -five  years  old,  who  was  attacked  im- 
mediately after  his  return  from  Oussoi,  where  he  had 
gone  to  take  care  of  his  parents  who  were  sick  with  the 
disease.  His  neighbors  were  very  soon  attacked,  and  the 
epidemic  invaded  the  entire  Faubourg  du  Puirault, 
where  it  remained  concentrated  for  some  little  time. 
Finally  the  inhabitants,  frightened  by  the  disease,  scat- 
tered   through    Chatillon,   and    the    cholera    appeared 


indiscriminately  throughout  the  city.  The  instance  is 
interesting,  because  while  the  inhabitants  remained  in 
the  Faubourg  du  Puirault,  the  disease  stayed  there, 
whereas,  as  soon  as  they  scattered,  it  spread  with  them 
throughout  Chatillon. 

Another  instance,  interesting  as,  an  example  of  the- 
transmission  of  the  disease  by  clothing,  is  given  by  the- 
same  authority,  in  speaking  of  the  Commune  of  Oussoi. 
Madame  Bresson,  of  the  hamlet  of  Moulineuf,  near  Ous- 
soi, a  precinct  free  from  cholera,  received  a  boarder  from 
Paris,  June  37th,  who  on  the  next  day  showed  the  first 
symptoms  of  cholera,  and  died  on  July  3d.  Some  days- 
after,  a  child  of  this  woman  was  attacked  and  died  on 
July  13th.  On  the  same  day  Madame  Bresson  herself 
was  taken  sick,  and  died  on  the  17th,  after  having  been 
taken  care  of  by  two  neighbors  named  Sahan  and  Moret,. 
who  died,  one  on  the  16th  and  the  other  on  the  34th. 
The  husband  of  Madame  Bresson  died  on  July  36th. 
Madame  Burette,  who  lived  in  the  extreme  end  of  the- 
hamlet,  washed  the  linen  of  the  two  women,  Sahan  and 
Moret,  and  was  attacked  with  cholera.  In  this  way,  an 
epidemic  was  started  that  carried  off  eighteen  persons  im 
a  very  short  time.  Before  the  arrival  of  the  person  from 
Paris  no  case  had  been  observed  in  this  hamlet,  that  had 
been  spared  by  the  cholera  both  in  1853  and  in  1849.  Dr. 
Huette  calls  attention  to  the  distribution  of  this  hamlet 
of  Moulineuf,  which  is  composed  of  ten  little  collections- 
of  houses,  separated  by  great  distances.  No  cases  of 
cholera  were  observed  excepting  in  three  of  these  collec- 
tions of  houses— first,  that  occupied  by  the  Bresson  and 
Sahan  families;  second,  that  occupied  by  the  Moret  fam- 
ily ;  and  third,  that  occupied  by  the  Burette  family.  The 
third  collection  of  housed  was  situated  at  the  extremity 
of  the  hamlet.  No  case  of  the  disease  was  observed  in 
the  other  houses,  of  which  the  inhabitants  had  had  no- 
connection  with  these  three  families. 

Proust  {loe.  cit.,  p.  165)  quotes  an  occurrence  illustrat- 
ing another  series  of  facts. 

In  1854  the  French  army  was  collected  at  Varna,  a. 
short  distance  from  the  English  army.  Some  detach- 
ments remained  at  Qallipoli,  the  original  place  of  debar- 
kation. There  were,  besides,  a  small  Anglo-French  force 
of  occupation  in  the  Pirieus,  and  also  some  detachments, 
at  Constantinople.  The  armies  were  reinforced  prac- 
tically every  day  by  ^ew  arrivals.  The  sanitary  con- 
dition was  satisfactory  in  all  respects.  On  July  5th  the 
packet  Alexandre  arrived  at  Constantinople,  having  left- 
Marseilles  on  June  36th  with  five  hundred  men  of  the 
Fifth  Regiment  of  Light  Infantry,  coming  from  Mont 
pellicr,  and  having  passed  through  Avignon,  where 
cholera  was  raging.  It  appeared  on  board,  and  three 
men  died  during  the  voyage  to  the  Dardanelles.  Pour 
cholera  patients  were  landed  at  the  Piraeus,  where  the 
cholera  broke  out  immediately,  and  made  great  ravages. 
The  troops  were  disembarked  at  Gallipoli,  where  two  ne^r 
cases  of  cholera  were  immediately  sent  to  the  hospital, 
and  the  ship,  having  only  a  few  passengers  on  board,, 
sailed  for  Constantinople,  where  a  quarantine  was  im- 
posed on  it.  On  the  other  hand,  it  appeared  that 
previous  vessels  sailing  from  Marseilles  had  already 
suffered  from  cholera,  and  that  one  of  them  had  landed 
a  patient  in  the  military  hospital  at  Constantinople.  On 
July  15th,  after  new  arrivals  of  cholera  patients,  the  dis- 
ease spread  at  Gallipoli,  and  there  appeared  in  the  mili- 
tary hospital  of  Constantinople  a  choleraic  focus.  Fau- 
vel,  struck  by  the  danger,  proposed,  and  had  adopted 
by  the  Council  of  Health  at  Constantinople,  a  momentary 
interruption  of  the  communication  between  Gallipoli  and 
Varna.  The  measures  prescribed  were  not  executed,  and 
in  spite  of  the  insistence  of  Fan vel  before  the  Marshal  de 
Saint  Arnaud,  many  ships  sailing  from  Gallipoli  passed 
the  Bosphorus,  and  went  directly  to  Varna,  where  free 
pratique  was  accorded  them.  Cholera  then  broke  out  in 
the  army  among  the  newly  arrived  soldiers  and  in  the 
hospital.  On  August  5th  the  epidemic  was  violent  at 
Varna,  especially  among  the  troops  sent  into  the  Dobrud- 
sclia.  The  English  army  was  invaded,  having  the  epi- 
demic on  board  the  fleet.     In  the  Crimea,  the  epidemic. 
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helped  on  by  the  arrival  of  the  fresh  troops,  continued 
until  1856. 

The  importation  of  cholera  into  Constantinople  in  1865 
equally  deserves  to  be  spoken  of.  Constantinople  was 
in  an  excellent  sanitary  condition  when  the  frigate  Moiik- 
6m-i.S'oM7WK9- arrived  from  Alexandria,  on  June  28th,  1865. 
She  had  passed  more  than  five  days  on  the  voyage,  and 
therefore,  in  accordance  with  the  rule  that  then  held,  free 
pratique  was  granted  her,  the  surgeon  having  declared 
that  there  had  been  no  illness  during  tlie  voyage;  but 
this  declaration  was  false.  The  evening  of  June  28th 
there  were  landed  from  this  frigate  twelve  sick  persons, 
of  whom  one  was  attacked  with  cholera,  who  died  during 
the  night,  and  eleven  were  affected  with  cholerine.  It 
was  learned  on  the  next  day  that  during  the  journey 
from  the  Dardanelles  to  Constantinople  two  choleraic 
bodies  had  been  thrown  into  the  sea.  On  June  30th  nine 
other  cases  were  landed.  The  ship  was  sent  into  quaran- 
tine at  the  mouth  of  the  Black  Sea.  The  patients  were 
transported  to  the  Marine  Hospital,  near  the  arsenal,  and 
here  one  special  circumstance  should  be  noted.  The  road 
that  went  from  the  landing  to  the  hospital  being  opposite, 
it  was  necessary  to  carry  the  sick  past  the  barracks  occu- 
pied by  military  workmen  in  the  arsenal,  and  the  first 
indigenous  cases  of  cholera  occurred  among  these  work- 
men, and  on  board  a  corvette  that  was  near  their  bar- 
racks. On  July  3d  one  of  these  military  workers  was 
received  at  the  hospital  with  a  choleraic  diarrhoea,  and 
on  the  5th  presented  all  the  symptoms  of  cholera.  That 
same  day  a  new  case  was  furnished  by  the  workmen,  and 
another  on  the  corvette  spoken  of  above.  Tlie  barracks 
were  then  vacated,  and  the  workmen  were  placed  in  tents 
on  the  heights  of  Okmeidan;  nevertheless,  the  ^disease 
continued  to  rage  among  them,  and  among  the  ships  col- 
lected before  the  arsenal,  and  it  attacked  on  the  one  hand 
the  guard  in  the  interior  of  this  establishment,  and  on  the 
other  the  workmen  at  the  Ministry  of  Marine,  situated 
very  near  the  barracks  of  the  military  workmen.  On 
July  8th  two  cases  occurred  outside  the  arsenal,  and  from 
July  10th  the  epidemic  commenced  to  invade  the  quarter 
of  Kassin-Pacha,  near  the  arsenal,  and  inhabited  by  the 
workmen  of  whom  we  have  spoken.  It  then  propagated 
itself  throughout  the  city. 

One  more  instance  of  the  importation  of  cholera  may 
be  given,  as  illustrating  that  a  single  case,  carried  a  great 
distance  by  rail,  may  give  rise  to  an  epidemic. 

Toward  the  end  of  the  month  of  August,  in  1865, 
cholera  suddenly  broke  out  at  Altenburg,  in  Saxony,  in 
the  centre  of  Germany.     The  first  case  was  that  of  Lady 

E ■,  who  had  left  Odessa  on  August  16th,  and  had 

arrived  at  Altenburg  on  the  24th,  without  having 
stopped  on  the  journey.  She  travelled  with  a  child  of 
twenty-one  months  old,  who  was  affected  with  diarrhoea. 
She-went  to  her  brother's,  and  sent  for  a  physician  to  see 
her  child,  whose  diarrhoea  had  become  very  severe.  This 
woman,  who  was  meanwhile  well,  said  that  at  her  de- 
parture from  Odessa  there  had  not  been  in  that  city  any 
disease ;  but  this  was  an  error,  for  some  cases  of  cholera 
imported  from  Constantinople  were  already  in  the  hos- 
pital in  the  lazaret,  and,  the  day  after  the  departure  of 
this  lady,  cholera  appeared  at  Odessa.  She  said  also, 
that  having  embarked  to  go  up  the  Danube,  everybody 
appeared  to  her  to  be  well  on  board,  although  the  vessel 
had  passed  by  certain  localities  where  cholera  was  raging ; 
however  that  may  be,  three  days  after  her  arrival  at  Al- 
tenburg, on  August  27 th,  and  the  very  same  day  that  the 
physician  had  visited  her  child,  this  lady  fell  ill,  and  the 
next  day  the  physician  recognized  all  the  symptoms  of 
Asiatic  cholera.  She  died  on  the  29th.  On  the  same 
day,  in  the  same  house,  her  sister-in-law  was  attacked, 
and  died  on  the  30th.  The  child  died  on  the  31st.  From 
this  house  the  cholera  spread  into  the  city  and  suburbs. 
The  family  of  a  workman,  who  died  on  September  13th 
at  Altenburg,  carried  the  disease  to  Werdeau,  and  the 
house  occupied  by  this  family  was  the  point  of  departure 
of  another  epidemic  that  carried  off  two  per  cent,  of  the 
entire  population  of  the  city. 

3.   The  Transportability  of  Cholera  is  Confirmed  by  tlie 


Results  of  Sestrieti-ve  Measures. — We  see  always  that  a 
rigorous  sequestration  and  a  rigorous  interruption  of 
communication  by  land  or  sea,  if  that  be  possible,  result 
in  preserving  certain  places  or  certain  countries,  and  in 
these  facts  is  a  powerful  argument  against  any  idea  of  the 
transmission  of  cholera  through  the  air. 

In  1867  Messina  and  the  whole  of  Sicily  were  entirely 
free  from  cholera,  and  yet  vessels  coming  from  infected 
countries  daily  passed  through  the  narrow  Strait  of  Mes- 
sina. And  again,  during  the  epidemic  of  1856  at  Con- 
stantinople, the  scholars  of  the  Military  School,  to  the 
number  of  five  hundred,  were  rigorously  sequestrated  in 
the  establishment,  and  escaped  the  cholera  that  was  rag- 
ing in  the  neighborhood ;  and  events  that  occurred  at  the 
lazaret  of  Fort  Genoa,  in  Algeria,  in  1884,  demonstrated 
also  the  eflicacy  of  isolation  in  order  to  prevent  the  trans- 
portation of  the  disease  to  the  neighboring  cities. 

3.  Transportability  as  Shown  by  the  Oeneral  Progress  of 
Epidemics  of  Cholera. — If  we  look  at  epidemics  as  a 
whole,  we  see  that  they  always  follow  the  course  of  hu- 
man currents  of  travel.  It  is  in  the  East,  or  in  the  coun- 
tries bordering  .upon  Eui^pe,  that  we  can  best  follow 
the  development  of  this  law,  because  in  such  places  the 
routes  are  less  frequented,  and  the  demonstration  is  more 
striking.  In  order  to  pass  from  Persia  into  Russia  in  any 
way  except  by  the  great  line  of  travel  passing  through 
Erzeroum,  Tauris,  and  Natchisohevan,  there  are  only 
two  ways — that  over  the  Caspian  Sea,  and  the  land  route 
that  follows  the  western  shore  of  this  sea.  Both  of  these 
routes  pass  by  Recht,  Astara,  and  Lenkoran,  and  end 
both  of  them  at  Bakou,  and  in  the  same  way  cholera,  in 
the  epidemics  of  1833,  1830,  and  1846,  always  and  inva- 
riably passed  through  Recht,  Astara,  Lenkoran,  and  Ba- 
kou. At  the  latter  city  the  land  rou  te  splits  on  the  north. 
It  continues  to  follow  the  western  border  of  the  Caspian 
Sea,  and  passes  by  Derbent,  and  reaches  Astrachan  ex- 
actly as  does  the  sea  route,  and  we  have  seen  cholera  at 
every  one  of  its  appearances,  in  1833,  1830,  and  1846, 
travel  over  this  same  line,  passing  by  Bakou,  Derbent, 
and  Astrachan.  In  1833  it  stopped  at  Astrachan,  while 
during  1830  and  1846  Astrachan  was  only  one  of  the  steps 
of  its  invading  march. 

The  second  line  of  travel  passes  over  the  Caucasus.  It 
leaves  Bakou,  passes  by  Tlflis,  and  follows  the  Caspian 
Sea  to  the  Black  Sea.  The  point  of  departure  from  the 
Caspian  Sea  is  Bakou.  The  point  of  arrival  on  the  Black 
Sea  is  Poti,  or  Trebizond.  The  epidemics  of  1830  and 
1846  divided,  following  both  of  the  two  routes  that  have 
been  spoken  of.  One  current  followed  the  border  of  the 
Caspian  Sea,  another  crossed  the  Caucasus. 

This  progress  of  cholera,  always  following  the  same 
lines,  is  a  striking  illustration  of  the  law  formulated.  It 
always  follows  the  human  currents,  in  the  steps  of  the 
traveller.  It  is  imported  by  man  alone,  and  precisely  the 
same  point  is  shown  if  we  follow  the  successive  steps  of 
the  epidemics  that  have  travelled  by  the  sea  route. 

As  an  illustration,  the  epidemic  of  1854  in  the  Crimea 
was  due  to  vessels  coming  from  Marseilles,  and  carrying 
troops  from  an  infected  country.  Cholera  appeared  suc- 
cessively at  every  one  of  the  points  where  these  vessels 
touched.  They  landed  at  Messina,  and  Sicily  was  in- 
vaded. They  touched  at  the  Piraeus,  and  Greece  was 
attacked.  They  stopped  at  Gallipoli,  and  cholera  ap- 
peared at  Gallipoli.  Constant  communication  was  being 
held  between  Gallipoli  and  the  Dardanelles,  Constantino- 
ple, and  Varna.  Cholera  developed  at  all  three  places. 
The  same  was  shown  in  the  progress  of  the  epidemic  of 
1865.  It  must  not  be  supposed,  however,  that  the  asser- 
tion is  made  that  cholera  took  the  special  direction  from 
east  to  Avest ;  on  the  contrary,  it  radiated  from  India  in 
all  directions — north,  south,  east,  and  west— according  to 
the  ease  and  number  of  the  means  of  communication. 

4.  Transportability  as  Indicated  by  the  Evolution  of  Epi- 
demics in  Infected  Localities. — Many  examples  of  this  may 
be  quoted,  among  which  are  the  following: 

In  Constantinople  it  is  possible  to  trace  out  the  succes- 
sive extension  of  the  disease  up  to  the  tirtie.of  its  general 
diffusion.     At  Constantinople  it  manifested  itself  first  at 
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the  arsenal,  where  it  liad  been  carried  by  the  sick  who 
were  landed  from  the  ship  Moukbiri-Sourour.  From  the 
arsenal  it  reached  the  neighboring  quarter  of  Kassin- 
Pacha,  and  then  a  few  cases  appeared  in  different  parts  of 
the  city,  for  the  most  part  of  persons  who  had  fled  from 
the  quarter  first  attacked.  Up  to  July  16tli  the  total  of 
the  deaths  from  cholera  in  the  entire  city,  except  those 
at  the  Marine  Hospital,  reached  one  hundred  and  thirty, 
wlien  suddenly  it  was  learned  that  the  disease  had  broken 
out  with  violence  at  Eini-Keni,  a  village  situated  on  the 
Bosphoriis,  twelve  or  fifteen  kilometres  from  the  quarter 
where  the  epidemic  had  begun.  It  was  established  that 
the  first  case  of  cholera  had  appeared  on  July  11th,  in  a 
Turkish  cafe,  in  a  worltman  coming  from  Kassin-Pacha; 
that  on  the  next  day  many  of  the  individuals  who  fre- 
quented this  cafe  fell  ill,  and  two  died ;  that  during  the 
following  days  the  disease  was  propagated  in  the  quar- 
ter until  the  16th,  when,  after  the  occurrence  of  several 
deaths  among  prominent  families,  a  panic  seized  the 
whole  population  of  the  village,  who  fled  in  all  direc- 
tions. Mussulmans,  Greeks,  Armenians,  and  Jews  fled 
into  other  villages  and  other  quarters  of  the  city  which 
were  then  unaffected,  but  in  which  the  cholera  speedily 
made  its  appearance.  The  Jews  in  particular,  who  had 
been  the  most  seriously  attacked,  and  who  carried  with 
them  their  soiled  clothing  and  their  dead,  became  the 
special  propagating  agents  of  the  disease.  At  Kous- 
toundjouc,  at  Kas-Keni,  and  at  Balata,  the  epidemic 
broke  out  immediately  after  the  arrival  of  these  fugitives. 
From  this  moment  dates  the  generalization  of  the  epi- 
demic. It  is  not  necessary  to  add  other  examples.  The 
same  thing  is  shown  in  the  history  of  every  local  epidemic 
that  has  been  intelligently  traced. 

It  has  been  opposed  to  this  idea  of  the  transportability 
of  cholera  that  sometimes  a  restricted  intercourse  has 
failed  to  arrest  the  progress  of  the  disease;  but  in  all 
these  cases  the  measures  were  either  tardily  employed  or 
applied  without  scientific  rule.  Others  have  spoken  of 
the  immunity  of  countries  which  had  not  protected  them- 
selves by  any  sanitary  measures.  The  answer  to  this  is 
the  question,  whether  cholera,  although  it  is  a  disease 
capable  of  spreading  by  infection,  must,  therefore,  be 
possessed  of  a  method  of  forcing  this  infection.  And,  in 
conclusion,  no  matter  what  thed-iflerences  of  opinion  are, 
the  law  of  transportability  remains  absolutely  established 
by  all  the  facts  yet  obtained  in  regard  to  cholera. 

Methods  of  Transpm-tation  of  Cholera. — In  a  considera- 
tion of  the  question  of  the  method  of  transportation  of 
cholera,  we  are  to  look  at  two  principal  points,  the  agent 
of  cholera,  that  is,  the  organism  of  the  disease,  and  sec- 
ond, the  medium. 

The  agent  of  cholera  is  unquestionably  a  bacterium, 
having  India  for  its  origin.  It  extends  itself,  and  repro- 
duces itself  indefinitely,  and  many  media  serve  as  vehicles 
for  its  transportation  throughout  the  entire  world,  but 
this  choleraic  agent  would  be  wholly  powerless  if  it  did 
not  encounter  favorable  conditions  for  its  development. 
Tlie  medium,  therefore,  is  indispensable  to  its  power,  and 
this  favorable  medium  is  made  up  of  certain  telluric  con- 
ditions, the  surroundings,  and  so  on.  So  far  as  the 
methods  of  transportation  of  .cholera  are  concerned,  there- 
fore, we  have  to  consider  more  the  medium  in  which  it 
appears  than  the  cause  of  the  disease  itself.  Fauvel  has 
expressed  this  truth  as  follows:  "That  a  fire  is  not  pro- 
portionate to  the  spark  which  gives  it  birth,  but  to  the 
combustibility  and  mass  of  the  material  that  it  encoun- 
ters." So,  frequently,  a  few  cases,  or  one  only,  as  at 
Altenburg,  are  sufficient  to  produce  the  explosion  of  an 
epidemic. 

The  clinical  consideration  of  tlie  means  of  transporta- 
tion of  cholera  is  to  be  made  under  the  following  head- 
ings: 

First,  the  transportation  by  men  attacked  by  cholera, 
and  the  r61e  played  by  the  closets  that  have  received 
choleraic  excreta.  A  person  arriving  from  an  infected 
place  IS  always  necessary  for  the  beginning  of  an  epi- 
demic. In  other  words,  man  himself  is  the  most  power- 
ful agent  for  the  spread  of  cholera,  the  specific  micro- 

388 


organism   being  found,  as  has  been  demonstrated   by 
innumerable  experiments,  in  the  excreta.     Washerwomen 
have  been  attacked  by  the  disease  after  washing  linen 
soiled   by  evacuations,  while  others,  who  had  simply 
touched  this  linen,  also  contracted  the  malady.     Budd 
relates  (quoted  by  Hirsch  in  Schmidt's  Jahrhucher,  vol. 
xcii.,  p.  255)  that  in  1854  a  person  affected  with  cholera 
arrived  in  an  English  factory  of  six  hundred  and  forty- 
five  workpeople.     There  followed  one  hundred  and  forty- 
four  deaths  from  cholera  in  five  weeks.     The  disease 
developed  solely  among  those  who  made  use  of  the 
closets  where    choleraic    dejecta  were    deposited.     In- 
stances of  this  kind  can  be  multiplied  almost  indefinitely. 
Second,  the  transportation  by  means  of  choleraic  diar- 
rhoea.    As  illustrations  of  this,  innumeralile  instances 
might  be  quoted,  especially  that  mentioned  by  Budd  in 
the  reference  given  above.     A  person  sick  of  diarrhoea 
came  into  the  midst  of  a  perfectly  healthy  population 
in  a  colliery,  and  died.     Diarrhoea  became  general,  and 
.seventeen  persons  contracted  cholera.     The  case  of  Dr. 
Alexander,  in  the  Gazette  Medicate  for  1849,  is  also  an 
illustration  of  this  point.     There  was  not  at  Hamel,  a 
village  twenty -five  kilometres  from  Amiens,  any  indica- 
tion of  cholera,  when,  on  April  4th,  from  Paris,  where 
cholera  existed,  there  arrived  a  soldier  sick  with  diar- 
rhoea.    He  was  received  into  his  parents'  house  where  he 
remained  three  days.     On  the  14th  he  went  to  the  H6tel 
Dieu,  and  the  same  day  his  brother,  who  had  come  a 
number  of  times  to  see  him,  was  attacked  by  foudroyant 
cholera  and  died  in  twelve  hours.     His  wife  died  three 
days  afterward.     The  father,  who  had  shown  some  S3'mp- 
toms  of  cholerine,  was  attacked  with  cholera  on  the  11th, 
and  died  on  the  15th.     Another  son  of  this  man,  seven- 
teen years  old,  and  a  child  of  four  years,  his  grandson, 
were  attacked  with  cholera  and  got  well.     The  father- 
in-law  of  the  brother  who  had  taken  care  of  him  and  his 
daughter  were  attacked  by  cholera,  but  recovered.     A 
child  of  eleven  years,  who  was  often  at  the  house  and 
whose  parents  had  taken  care  of  the  same  brother  and  his 
wife,  was  attacked  on  the  14th  and  died  the  following 
day. 

Third,  Can  the  bodies  of  persons  dead  of  cholera  com- 
municate the  disease?  Although  the  evidence  seems  to 
point  toward  this  being  a  possible  danger,  it  is  not  a 
serious  one  in  civilized  countries. 

Fourth,  Can  cholera  be  transported  by  healthy  individ- 
uals? This  must  be  answered  in  the  negative.  The  facts 
quoted  that  seem  to  show  that  this  may  occur,  must  be 
explained  by  supposing  that  the  individuals  who  were 
believed  to  be  entirely  well  were  in  reality  sick  of  a 
clioleraic  diarrhoea,  or  else  that  they  carried  clothing  or 
linen  soiled  with  choleraic  material.  The  studies  of 
cholera  during  1892-93  in  Europe  have  shown  that  the 
cholera  vibrios  may  be  present  in  the  dejecta  of  people 
apparently  healthy,  with  well-formed  stools,  as  well  as 
in  those  who  are  suffering  from  a  mild  diarrhoea  without 
other  notable  symptoms.  These  vibrios  were  virulent 
and  presumably  capable  of  inducing  severe  cholera  in 
more  susceptible  individuals. 

Fifth,  Can  cholera  be  transported  by  living  animals? 
Animals  are  not  susceptible  to  the  disease.  A  certain 
number  of  experiments  have  succeeded  in  producing 
cholera  in  animals,  but  with  great  difficulty.  There  is 
no  fact  to  support  the  supposition  that  animals  can  carry 
the  disease,  either  on  the  skin  or  in  the  hair. 

Sixth,  the  transportation  of  cholera  by  means  of  cloth- 
ing, personal  effects,  and  so  on.  The  disease  cannot  be 
so  transported  unless  these  materials  have  been  contami- 
nated by  cholera  dejecta.  This,  of  course,  is  an  exceed- 
ingly important  point,  for  if  soiled,  the  material  may  be 
dangerous ;  if  it  is  not  soiled,  there  is  no  danger  at  all,  even 
it  It  comes  from  cholera  centres.  It  is  of  equal  importance 
to  know  whether  contaminated  objects  have  been  packed 
up  or  exposed  to  the  air.  A  contaminated  object  ex- 
posed to  free  air  for  a  definite  time  loses  its  power  of 
transporting  the  virus.  The  conference  of  Constantino- 
ple considered  that  a  very  short  time  was  sufficient  to  do 
away  with  all  danger,  and  recent  bacteriological  research 
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lias  wholly  confirmed  this  opinion.  On  the  other  hand, 
contaminated  objects  that  have  been  packed  up  and  kept 
shut  out  from  the  air  retain  their  virulence  for  a  greater  or 
less  length  of  time,  as  may  be  shown  by  many  instances. 

Seventh,  Can  cholera  be  transported  by  merchandise  1 
Although  merchandise  imported  from  India,  whether  to 
Suez  or  directly  to  Europe,  has  never  been  known  to 
transmit  cholera,  this  method  of  transportation  is  not  ab- 
solutelj'  impossible,  and  many  of  the  materials  brought 
from  India — cloths,  and  so  on— retain  in  their  interstices 
a  confined  air  that  certainly  might  preserve  and  trans- 
port for  a  great  distance  the  contagion  with  which  they 
may  be  impregnated ;  but  although  this  is  a  possibility, 
it  is  not  probable,  and  the  conference  of  Constantinople 
unanimously  accepted  the  absence  of  proofs  of  the  trans- 
portation of  cholera  by  merchandise,  while  it  admitted 
the  possibility  of  Its  being  done,  under  certain  conditions. 
Since  that  time,  Zehnder,  the  Swiss  delegate  to  the  Vien- 
na Conference,  In  1874,  cited  facts  in  favor  of  the  danger 
of  rags  in  transporting  contagion  (see  the  report  of  the 
International  Sanitary  Conference  of  1874,  page  272). 
But  at  the  conference  in  Rome,  in  1885,  Koch  disputed 
the  interpretation  that  had  been  put  upon  these  facts. 

Eighth,  water  is  perhaps  the  most  important  agent  in 
the  spread  of  cholera,  and  evidence  to  this  effect  was  ob- 
tained long  before  the  discovery  of  the  cholera  spirilla. 
J.  Simon  brought  out  some  facts  in  England  which  con- 
firm this  statement.  At  London  thirteen  deaths  out  of  a 
thousand  inhabitants  occurred  among  those  whose  houses 
were  supplied  with  river  water  in  the  neighborhood  of 
the  sewer.  Tested  at  this  point,  the  water  yielded  forty- 
six  grains  of  solid  residue  to  the  gallon.  In  other  houses 
in  the  city  that  were  in  the  same  hygienic  condition,  but 
not  supplied  with  tliis  water,  the  mortality  was  only 
three  and  seven-tenths  in  a  thousand,  but  the  water 
which  they  used  had  been  taken  from  outside  the  city, 
and  yielded  only  thirteen  grajns  of  solid  residue  to  the 
gallon. 

It  is  not  improbable  that  the  cholera  vibrio  can  live 
longer  in  a  pure  water  than  in  one  containing  large  num- 
bers of  other  micro-organisms.  It  has  remained  viable 
for  eight  hundred  and  seventy -eight  days  in  a  sterilized 
pond  water,  which  for  at  least  three  hundred  and  five 
days  contained  other  bacteria.  During  this  period  they 
retained  their  usual  susceptibility  to  heat  and  desicca- 
tion, showing  that  a  true  spore  formation  of  the  usual 
kind  is  not  necessary  for  prolonged  viability  in  this  spe- 
cies. 

At  Halle,  Delbruck  noticed  that  in  the  prison,  where  the 
epidemic  had  developed  very  largely,  the  wells  communi- 
cated with  the  drains.  At  Brachsted  the  epidemic  arrested 
itself  just  as  soon  as  a  suspected  well  was  closed.  Del- 
bruck explained  the  less  intensity  of  the  epidemic  of 
1867,  compared  with  that  of  1866,  by  the  fact  that  the 
carrying  of  the  water  had  been  modified.  Water  was 
furnished  almost  pure  in  1867,  while  up  to  the  autumn 
of  1866  the  conduits  carried  the  water  from  the  Saale 
through  a  region  where  all  the  discharges  of  the  city 
were  scattered.  Ballot  also  spoke  of  the  influence  of  im- 
pure water  on  the  spread  of  cholera  in  Holland.  Snow, 
in  England,  and  innumerable  other  writers  in  Europe, 
India,  and  America,  lay  the  greatest  possible  stress  upon 
impure  water  as  the  special  means  for  the  conveyance  of 
the  infective  agent  of  cholera.  (See  the  article  on  Water, 
in  the  present  volume.) 

The  contamination  of  water  played  an  extremely  im- 
portant part  in  the  extension  of  cholera  in  Egypt  in  the 
epidemic  of  1883.  The  Mussulman  population  ot  Egypt 
bathe  very  frequently,  but  they  are  not  careful  about  the 
water  that  they  use  for  drinking.  At  Damietta  the  water 
is  exceedingly  foul  upon  the  points  of  the  Nile  from 
wiiich  the  water-carriers  till  their  water-casks,  and  just 
at  these  places  are  tiie  special  spots  selected  for  bathing. 
Tire  houses  along  the  bank  discharge  their  foul  material 
directly  into  tlie  river,  and  drains  carry  to  it  discharges 
from  otlier  houses,  and  from  the  mosques.  According 
to  Koch,  these  mosques  play  an  extremely  important  role 
in  the  spread  of  cholera.     The  German  cholera  commis- 


sion was  able  at  Damietta  to  examine  a  number  of 
mosques,  the  description  of  the  airangement  of  which  is 
as  follows :  Only  that  part  of  the  mosque  that  is  directed 
toward  Mecca  is  used  for  prayers.  At  the  other  end  is 
an  open  space,  in  the  centre  of  which  is  a  tank  for  bath- 
ing, and  sometimes  this  water  remains  several  weeks 
without  being  changed,  and  surrounding  the  basin  are  a 
series  of  urinals  and  closets.  The  discharges  from  tlie 
whole  are  passed  into  the  Nile,  so  that  it  is  not  strange 
that  the  infected  material  should  be  transported  by  such 
a  water  supply. 

In  the  "  tank  districts  "  of  India  the  conditions  appear 
particularly  favorable  for  the  propagation  of  cholera  from 
the  sick  to  the  well.  In  these  districts  cholera  is  very 
prevalent.  The  region  is  low  and  the  land  upon  wliich 
the  dwellings  are  situated  is  made  ground  derived  from 
the  immediate  neighborhood,  leaving  pools  which  con- 
stitute the  "tanks."  The  drainage  from  the  dwellings 
flows  into  these  relatively  or  entirely  stagnant  bodies  of 
water,  which  is  also  used  for  bathing  and,  in  many  cases, 
for  drinking  purposes. 

The  epidemic  of  1884  furnished  new  proofs  in  favor 
of  the  spread  of  cholera  through  the  agency  of  water. 
Messrs.  Marey,  Brouardel,  and  Thoinot  especially  insisted 
upon  this  point.  Marey,  at  the  sitting  of  the  Academy 
of  Medicine,  October  14tli,  1884,  said:  "Among  the  in- 
fluences that  can  cause  the'  spread  of  typhoid  fever  or 
cholera  there  Is  one  that  b}'  its  intensity  dominates  all  the 
others — that  is  tlie  contamination  of  public  water  sup- 
plies." If  a  number  of  epidemics  of  cholera  be  studied, 
it  can  be  determined,  in  effect,  that  cholera  easily  follows 
watercourses;  that  it  is  especially  along  small  water- 
courses that  it  is  propagated,  is  most  frequent  and  strilt- 
ing.  In  order  to  explain  this,  there  are  but  two  hypoth- 
eses that  are  possible. 

First,  brooks,  torrents,  or  rivers  flow  in  valleys  that 
are  often  narrow  and  shut  in,  and  the  villages  found 
there  often  can  have  no  communication  except  with  each 
other.  When  one  is  attacked,  it  is  a  perfectly  simple 
matter  that  the  others  should  be  also  in  their  turn.  This 
explanation  is  very  plausible ;  for  certain  cases,  and  some 
epidemics,  can  be  explained  in  no  other  way.  The  great 
rivers,  the  large  watercourses,  along  which  are  scattered 
regions  attacked  by  cholera,  serve  for  the  propagation  of 
this  disease,  like  the  great  roads  of  travel,  in  this  way 
only,  that  they  are  lines  of  communication  frequented  by 
travellers. 

Second,  water  is  certainly  a  propagating  agent  of 
cholera.  It  is  the  water  of  a  torrent,  a  brook,  or  a  small 
river,  contaminated  in  one  part  of  its  course,  that  trans- 
ports the  disease  to  the  inhabitants  on  its  borders  tliat 
drink  of  the  water,  and  innumerable  instances  can  be 
brought  forward  to  illustrate  this  point  also. 

Proust  (loc.  cit. ,  p.  216)  speaks  of  the  choleraic  agent 
having  for  its  vehicle  of  transportation  either  the  air  or 
the  water,  but  the  evidence  in  favor  of  the  air  as  one  of 
the  transporting  agents  of  cholera  is  nothing,  and  the 
weight  of  scientific  evidence  of  late  years  militates 
against  such  a  means  of  transportation.  Altitude  seems 
to  have  but  slight  influence  upon  the  development  of  the 
disease  up  to  a  certain  point,  although  Farr  (in  the  Regis- 
trar-General's Report  on  the  Mortality  of  Cholera  in  Eng- 
land, London,  1852)  has  attempted  to  demonstrate  that 
the  mortality  from  cholera  was  in  inverse  proportion  to 
the  elevation.  The  objection  to  this  is,  that  the  less  fre- 
quent occurrence  of  cholera  on  the  most  elevated  points 
may  be  due  to  the  fact  that  the  less  accessible  points  are 
more  thinly  inhabited. 

Moisture,  taken  in  connection  with  the  subsoil  water, 
is  a  favoring  cause  of  the  greatest  importance,  and  obser- 
vations in  this  direction  have  furnished  the  basis  for  Pet- 
tenkofer's  theory  of  the  connection  of  subsoil  moisture 
with  cholera. 

The  development  of  the  epidemics  of  1836  and  of  1854 
seemed  to  coincide  with  the  period  of  greatest  diminution 
of  the  subsoil  moisture  in  Munich,  and  therefore  the 
choleraic  contagion  with  which  the  soil  is  impregnated 
appears  to  disengage  itself  more  easilv.     Hirsch  reached 
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a  similar  conclusion.  Kreuzer,  in  ISoS,  at  Vienna,  and 
again  Pettenl<ofer,  at  Municli,  observed  the  same  facts. 
Pettenkofer's  tlieory  differs  from  others,  in  that,  putting 
aside  the  chemical  composition  of  tlic  earth,  he  attaches 
a  special  importance  to  its  physical  characteristics,  its 
density,  its  porousness,  etc.  He  considers  that  the  con- 
dition of  the  subsoil  of  localities  and  of  houses  plays  a 
r61e  of  special  importance  in  the  propagation  of  cholera, 
and  upon  this  special  cause  he  places  the  development  of 
an  epidemic,  after  an  importation  from  without;  and, 
studying  almost  exclusively  the  physical  condition  of  the 
region,  the  compact  or  porous  condition  of  the  subsoil,  he 
considers  tliat  not  only  the  primitive  earth,  and  the  soils 
of  the  transition  period,  but  also  the  secondary  forma- 
tions, produce  immunity  when  they  are  exposed  to  air  in 
the  condition  of  rocks.  On  the  other  hand,  every  porous 
soil  that  is  susceptible  of  imbibition  can  become  easily 
impregnated  with  fluid,  or  with  gas,  and  vegetable  earths 
as  well  as  silicious  earths  may  form  "  fat, "  always  moist, 
lands,  throwing  out  continual  moisture  about  them,  favor- 
ing the  diffusion  of  the  germs  of  cholera.  Where  the  soil 
is  made  up  of  a  compact  calcareous  rock  cholera  never 
becomes  epidemic,  and  a  few  cases  observed  in  such  sit- 
uations as  the  result  of  importation,  do  not  propagate  the 
disease. 

Pettenkofer's  theory  has  two  points  that  must  be  dis- 
tinguished from  each  other. 

First,  the  nature  of  the  soil.  The  soil  must  be  porous, 
easily  permeable,  and  also  easily  impregnated  by  liquids 
and  gas.     This  condition  is  a  permanent  one. 

Second,  the  level  of  the  subsoil  moisture.  This  level 
being  movable,  the  effect  is  variable ;  when  subterranean 
waters  have  reached  the  maximum  of  their  elevation, 
there  is  neither  decomposition  of  organic  materials  nor 
throwingoflf  of  miasms.  If  the  subsoil  moisture  descends 
to  a  lower  level  putrefaction  begins,  the  miasmatic  vapors 
are  thrown  off  more  intensely,  and  just  at  this  time  the 
epidemic  reaches  its  greatest  development.  This  second 
point  of  his  theory,  certainly  an  ingenious  explanation  of 
certain  cases,  appears  to  be  much  more  hypothetical  than 
the  first,  the  question  of  the  porosity  of  the  earth. 

To  sum  up,  Pettenkofer's  theory,  while  it  scarcely  has 
the  value  ascribed  to  it  by  him,  certainly  seems  to  afford 
a  partial  explanation  of  the  propagation  of  cholera  by 
means  of  the  porosity  and  moisture  of  the  earth. 

Ninth,  amtospheric  conditions  play  a  not  very  impor- 
tant role,  although  the  influence  of  season  is  manifest, 
and,  apparently,  storms  sometimes  seem  to  aggravate 
considerably  an  epidemic. 

Somatic  Conditions. — Race  or  nationality  has  no  influ- 
ence upon  the  development  of  cholera.  The  special  in- 
fluences favoring  it  are  those  of  misery,  fatigue,  cold, 
and  depressing  mental  conditions,  which,  by  diminishing 
the  resisting  power  of  the  body,  render  it  more  suscep- 
tible to  the  influence  of  the  epidemic.  Collections  of 
human  beings,  in  other  words,  agglomeration,  play  a 
very  considerable  role  in  the  propagation  of  epidemics ; 
so  also  do  methods  of  transportation.  Railroads  are 
often  the  means  of  propagation,  as  was  the  case  in  the 
instance  of  Altenburg,  quoted  above.  The  epidemic  of 
1865,  in  Paris,  was  started  by  a  woman  who  left  Mar- 
seilles, with  a  choleraic  diarrhoea,  and  was  attacked  with 
cholera  upon  her  arrival  in  Paris.  Transportation  by 
caravans  does  not  give  much  chance  for  the  spread  of  the 
disease,  when  the  distance  passed  over  is  of  great  extent; 
in  fact,  a  great  desert  is  the  best  of  all  obstacles  to  the 
propagation  of  cholera.  In  ships  are  most  often  found 
united  the  conditions  of  crowding  and  confinement  favor- 
able for  the  development  of  the  choleraic  agent. 

Proust  appears  to  believe  that  these  elements  do  not 
have  much  potency  if  the  entire  ship's  company  come 
from  the  same  infected  region— in  other  words,  have  ac- 
quired an  immunity  in  a  choleraic  focus;  but  if  the  ship's 
company  has  received  a  partial  renewal,  if  new  persons 
have  come  on  board  among  the  acclimated  passengers, 
cholera  finds  a  new  favorable  medium  for  attack,  and,  if 
aiding  circumstances  appear,  the  ship  may  become  the 
centre  of  an  intense  epidemic.     He  goes  on  to  speak  of 


this  "  law  of  accustoming,"  in  what  takes  place  in  armies, 
the  gi-eat  fairs,  and  the  pilgrimages ;  for  when  cholera  is 
carried  into  these  great  collections,  if  the  mass  of  people 
have  not  undergone  the  "choleraic  acclimating,"  the  ex- 
plosion of  the  disease  is  rapid  and  the  mortality  con- 
siderable, but  only  continues  for  a  few  days,  and  ceases 
soon.  The  Crimean  War  furnishes  an  example  of  the 
rapidity  of  development  and  intensity  of  the  disease 
among  vessels  free  from  the  choleraic  influence. 

At  the  commencement  of  April,  1855,  there  reached 
Constantinople  from  Prance,  fifteen  to  twenty  thousand 
troops,  made  up  in  part  of  the  Imperial  Guard.  These 
troops  had  not,  during  their  voyage,  a  single  case  of 
cholera  among  them.  They  camped  on  the  heights  of 
Masslak,  in  an  extremely  healthy  situation,  and  at  that 
time  there  were  in  the  city  of  Constantinople  but  very 
few  traces  of  cholera.  The  rolls  of  the  French  military 
hospitals  gave  only  fifty-three  cases  during  March,  and 
the  roll  of  April  11th  showed  none.  In  the  Crimea  the 
cases  of  cholera  were  also  very  few,  and  nevertheless  the 
troops  were  hardly  settled  at  Masslak  when,  on  the  night 
of  April  14th  and  15th,  cholera  broke  out  among  them, 
and  a  severe  epidemic  followed. 

Fauvel  ("Memoire  lu  k  I'Acad.  des  Sciences,"  Paris, 
1883)  sums  up  this  question  of  immunity  in  the  following 
propositions : 

"  1.  The  ports  of  India  that  are  the  seat  of  endemic 
cholera  are  never  the  scene  of  a  great  epidemic. 

"  2.  This  fact  relates  to  the  general,  but  not  absolute, 
immunity  enjoyed  by  the  native  population  of  these 
parts. 

"  8.  This  immunity  does  not  exist  in  the  endemic  locali- 
ties for  strangers  who  are  in  a  condition  favorable  for 
contracting  the  disease.  These  are  especially  the  Mus- 
sulman pilgrims  who  come  to  Bombay  to  embark  for 
Mecca. 

"  4.  The  epidemics  of  chglera  that  develop  in  India,  in 
tlie  regions  where  the  disease  is  not  endemic,  come  from 
the  places  where  it  is  endemic,  and  are  favorable  for  at- 
tacking the  Hindoo  pilgrimages. 

"5.  The  epidemics  observed  among  the  pilgrims  to 
Mecca  can  also  be  traced  to  the  localities  where  cholera 
is  endemic. 

"6.  A  severe  epidemic  of  cholera  confers  upon  the 
countr}'  or  upon  the  locality  which  it  has  attacked  a 
more  or  less  complete  immunity,  which  is  more  or  less 
durable,  and  of  which  it  is  impossible  to  formulate  the 
law  for  Europe,  but  which  in  India  appears  to  last  for  a 
number  of  years. 

"  7.  In  the  Hed  jaz,  and  in  the  sparsely  populated  parts 
of  Arabia,  cholera  has  but  a  feeble  tendency  to  propagate 
itself  among  the  native  population. 

"  8.  The  fact  of  the  existence  of  a  great  epidemic  of 
cholera  in  any  country  whatever  is  a  proof  that  cholera 
is  not  there  endemic." 

To  sum  up,  new  scientific  facts  bear  upon  the  question 
of  immunity  and  make  them  clear  upon  a  side  hitherto 
unknown.  The  etiology  and  prophylaxis,  in  especial,  of 
cholera  receive  from  these  facts  new  indications,  and 
these  facts  also  appear  to  be  the  expression-  of  a  law 
that  includes  an  entirely  different  category  of  infectious 
diseases,  which  leave  after  them  an  immunity  of  a  greater 
or  less  extent. 

Period  of  Incubation.— The  question  of  the  period  of 
incubation  of  cholera  gives  rise  to  a  great  deal  of  discus- 
sion. It  appears,  however,  that  in  the  immense  majority 
of  cases  a  period  of  a  few  days  is  suflicient  for  the  incu- 
bation, and  that  sometimes  this  may  require  only  a  few 
hours.  This  fact  is  easy  to  observe  if  the  beginning  of 
the  disease  in  a  city  or  upon  a  ship  be  studied. 

The  Cholera  Conference  at  Constantinople  concluded 
as  follows :  "  That  all  the  facts  cited  in  regard  to  a  period 
of  incubation  longer  than  a  few  days  are  based  upon 
cases  that  are  not  conclusive,  either  because  the  premoni- 
tory diarrha?a  was  comprised  in  the  period  of  incubation, 
or  because  the  infection  could  have  occurred  after  the 
departure  from  the  infected  locality."  The  following  is 
an  instance: 
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On  November  3d,  1848,  upon  the  ship  Swanton  there 
were  two  hundred  and  eighty-nine  emigrants  for  New 
Orleans,  and  the  cholera  did  not  break  out  on  board  until 
November  35th — that  is  to  say,  the  twenty-third  day  of 
the  voyage — and  occasioned  thirteen  deaths.  A  certain 
tiumber  of  these  emigrants  came  from  points  in  Germany 
where  the  cholera  existed.  This  long  period  of  incuba- 
tion can  be  explained  upon  two  hypotheses:  either  the 
passengers  had  with  them  clothing  soiled  with  choleraic 
materials,  which,  placed  in  a  confined  air.  could  transmit 
cholera;  or  certain  of  the  individuals  embarked  might 
have  been  affected  at  the  time  of  their  embarkation  with 
■a  diarrhoea  that  might  later  have  developed  into  true 
cholera.  The  duration  of  this  premonitory  diarrhoea  has 
been  much  discussed,  and  in  general  it  has  been  concluded 
that  it  does  not  last  more  than  three  days,  and  when  it 
does  pass  this  period,  it  is  rarely  prolonged  beyond  a 
week,  and  that  therefore  an  individual  isolated  from  all 
sources  of  contamination,  and  in  whom  the  diarrhoea 
should  be  prolonged  more  than  eight  days  after  this  iso- 
lation without  presenting  any  characteristics  of  cholera, 
could  be  considered  non-choleraic.  But  Griesinger 
among  others  dissents  from  this  opinion,  and  declares 
that  tlie  period  of  incubation  of  cholera  may  be  much 
longer.  A  bacteriological  examination  furnishes  the  only 
.method  of  settling  the  question. 

The  experience  of  those  who  carefully  studied  the  epi- 
demic in  Hamburg  in  1892-93  points  to  an  incubation  of 
not  less  than  twenty -four  hours.  After  this  period  there 
may  be  a  diai'rhoea  which  attracts  little  attention,  but 
which  is  in  reality  the  first  stage  of  the  disease.  In 
other  cases  the  onset  of  symptoms  may  be  very  sudden, 
leading  to  collapse  and  death  within  a  few  hours.  It  has 
been  noted  that  in  the  early  days  of  an  epidemic  the 
spirillum  develops  more  slowly  in  artificial  media  than 
is  the  case  later  in  the  course  of  the  epidemic. 

Description  of  the  Disease. — The  clinical  manifes- 
tations associated  with  the  presence  of  the  cholera  vibrio 
in  the  intestinal  contents  are  so  various  that  it  is  impos- 
sible to  give  a  single  clinical  picture  of  Asiatic  cholera. 
During  epidemics  of  the  disease  this  micro-organism  has 
frequently  been  isolated  from  the  fseces  of  people  pre- 
senting no  evidence  of  any  disturbance  in  health.  In 
other  cases  its  presence  is  associated  with  symptoms  of 
the  most  marked  character,  followed  by  a  speedily  fatal 
issue.  TJiese  facts  by  no  means  throw  doubt  upon  the 
■etiological  significance  of  the  cholera  vibrio ;  for  similar 
observations  are  well  known  in  other  infectious  diseases, 
such  as  dipihtheria,  typhoid  fever,  and  even  infections 
with  pyogenic  micro-organisms. 

Cases  in  which  the  cholera  vibrio  is  present  in  the 
digestive  tract  without  being  associated  witli  symptoms 
are  of  great  sanitary  importance,  because  this  very  ab- 
tsence  of  all  manifestations  of  disease  renders  the  spread 
of  the  infection  from  place  to  place  very  difficult  of  con- 
trol or  detection.  It  is  also  important  to  the  individual 
"himself.  There  are  cases  on  record  in  which  people  in 
apparently  perfect  health  have  left  regions  where  cholera 
was  epidemic,  have  remained  for  a  time  free  of  any  signs 
of  ill  health,  and  then,  as  the  result  of  some  dietary  in- 
discretion, have  suddenly  succumbed  to  an  attack  of 
severe  cholera,  with  the  vibrios  in  the  alvine  discharges. 
It  appears  evident  that  in  such  cases  the  cholera  vibrios 
in  the  intestine  are  virulent,  but  that  the  resistance  of  the 
individual  was  so  great  as  to  prevent  the  usual  effects  of 
infection  until  some  additional  factor  created  a  suscep- 
tibility. It  is  not  possible  to  state  the  frequency  of  such 
latent  Infections  in  times  of  epidemic  cholera,  but  where 
the  spread  of  the  disease  takes  place  through  a  contami- 
■nated  water  supply  it  is  reasonable  to  suppose  that  they 
must  be  more  frequent  than  could  be  indicated  by  any 
statistics  as  yet  in  existence.  Rumpf,  in  his  studies  of 
the  epidemic  in  Hamburg  in  1893-93,  reports  that  cholera 
vibrios  were  found  in  the  feeces  of  62  individuals  during 
the  small  after-epidemic  of  1898,  and  that  of  these  19 
failed  to  show  signs  of  any  great  constitutional  disturb- 
ance. These  cases  were  studied  because  they  had  been 
■closely  associated  with  cases  of  pronounced  cholera  in  the 


city  or  upon  vessels  in  the  port.  On  tlie  other  hand,  be- 
tween February  23d  and  June  1st,  1893,  70  cases  of  diar- 
rhoea were  investigated  to  learn  of  the  presence  of  cholera 
vibrios  in  the  discharges,  with  negative  results. 

Leaving  out  of  further  consideration  these  important 
latent  infections,  we  may  divide  cases  of  cholera  into 
three  groups,  according  to  the  severity  of  the  clinical 
manifestations:  First,  choleraic  diarrhoea,  in  which  the 
symptoms  present  little  beyond  a  marked  looseness  of 
the  bowels ;  second,  cholerine,  characterized  by  vomiting 
and  considerable  constitutional  disturbance  as  well  as 
diarrhoea  with  rice-water  discharges;  and,  third,  algid 
or  asphyctic  cholera  or  cholera  gravis,  which  has  hitherto 
served  as  the  type  of  the  disease. 

These  terms  are  not  used  to  denote  nosological  entities, 
but  merelj''  to  furnish  concise  expressions  for  clinical 
differences  dependent  upon  variations  in  the  relations  be- 
tween the  virulence  of  the  infection  and  the  susceptibility 
of  the  patient.  In  individual  cases  the  less  severe  forms 
of  the  disease  may  pass  into  the  graver  types,  where  con- 
ditions arise  which  modify  these  relations.  In  many  epi- 
demics the  milder  types  occur  most  frequently  early  in 
the  history  of  the  epidemic,  to  be  succeeded  by  a  larger 
percentage  of  severe  cases  at  the  height  of  the  epidemic, 
which  are  in  turn  followed  by  a  preponderance  of  the 
milder  cases  as  the  epidemic  draws  to  a  close.  These 
clinical  observations  harmonize  with  the  experience  that 
cultures  in  artificial  media  grow  less  rapidly  early  and 
late  in  an  epidemic  than  at  its  height. 

Choleraic  Diarrhma. — In  the  milder  cases  the  stools  are 
feculent  or  bile-stained  and  watery,  are  unaccompanied 
by  mucli  pain,  and  differ  considerably  in  frequency  in 
different  cases.  The  symptoms  usually  first  appear  at 
night  and  are  accompanied  by  some  flatulence.  The 
general  health  may  remain  good.  In  severer  cases  the 
stools  are  more  numerous ;  the  appetite  is  lost ;  the 
tongue  becomes  coated,  and  there  is  a  feeling  of  gastric 
depression.  The  amount  of  urine  is  decreased.  The 
patient  becomes  restless  and  suffers  from  headache. 
Dragging  pains  in  the  calves  may  be  troublesome. 
These  symptoms  last  a  few  days,  and  in  favorable  cases 
then  subside.  The  course  of  the  affection  depends  largely 
upon  collateral  circumstances.  Indiscretions  in  diet,  over- 
fatigue or  imprudence  of  any  kind  exert  an  unfavorable 
influence  upon  the  patient,  and  in  many  cases  this  clioler- 
aic  diarrhoea  passes  into  the  severer  forms  of  cholera. 
Although  the  cholera  vibrios  are  regularly  found  in  the 
discharges,  the  latter  do  not  acquire  the  rice-water  char- 
acter typical  of  the  severer  forms  of  the  disease. 

The  affection  may  prove  fatal  in  people  of  diminished 
resistance ;  in  the  young  or  aged  death  being  the  result 
of  exhaustion ;  but  recovery  is  the  rule. 

Cliolerine. — Sometimes  this  type  of  cholera  is  preceded 
by  the  form  just  described,  but  more  often  the  first  symp- 
toms noted  are  general  malaise,  loss  of  appetite,  and  nau- 
sea. The  stools  then  become  more.frequent.  They  are 
at  first  feculent,  but  soon  become  more  liquid  and  then 
assume  the  "rice-water"  character  of  those  in  severer 
cases  of  cholera.  These  discharges  consist  of  a  serous 
fluid,  rendered  turbid  by  large  quantities  of  desquamated 
intestinal  epithelia,  and  frequently  tinged  more  or  less 
pinkish  by  red  blood  corpuscles.  When  examined  micro- 
scopically the  spirilla  may  frequently  be  seen  in  great 
numbers,  but  in  many  cases  they  cannot  be  made  out  as 
such,  but  appear  as  granules  of  various  shapes.  In  addi- 
tion to  the  symptoms  mentioned  above,  vomiting  comes 
on  early  in  this  form  of  the  disease.  After  the  stomach 
is  emptied  of  food,  the  vomitus  is  a  thin  fluid  containing 
some  bile,  or  it  may  be  colorless.  Pain  in  the  epigas- 
trium, headache,  and  thirst  appear  as  the  disease  pro- 
gresses. The  quantity  of  urine  is  reduced  and  albumi- 
nuria appears.  The  skin  is  cool  and  the  volume  of  the 
pulse  diminished. 

Cholerine  may  pass  into  algid  cholera,  or  the  symp- 
toms may  gradually  subside  and  recovery  follow;  but 
not  infrequently  convalescence  is  delayed  by  a  long 
period  of  debility  and  mental  hebetude,  resembling  the 
typhoidal  stage  of  algid  cholera. 
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Cholera  Gravis;  Algid  or  Asphyctic  Cholera— la  tins 
form,  which  has  usually  been  regarded  as  the  typical 
manifestation  of  the  disease,  the  attack  may  suddenly 
develop,  its  onset  being  marked  by  great  uneasiness,  re- 
peated discharges  from  the  bowels,  followed  by  syncope. 
This  attack  may  overtake  the  victim  while  walking  on 
the  street  in  apparently  good  health.  It  is  often  pre- 
ceded by  a  state  of  vague  suffering,  rapid  prostration, 
deep  colicky  pains,  anorexia,  sometimes  a  diarrhoea,  pro- 
fuse sweats,  disturbance  of  the  senses,  and  more  or  less 
retardation  of  the  pulse.  After  the  development  of  the 
disease  the  symptoms  follow  each  other  in  sucli  a  way 
as  to  allow  of  a  division  into  two  distinct  periods. 

First  Period.— This  is  marked  by  an  increase  in  the 
number  of  dejections  and  acts  of  vomiting ;  a  flux  is  es- 
tablished which  is  at  first  serous  or  slightly  bilious,  and 
afterward  becomes  "choleraic."  This  term  is  used  to 
designate  those  characteristic  discharges  of  cholera  which 
are  liquid,  whitish,  grumous,  sometimes  resembling  un- 
clarified  whey,  sometimes  a  decoction  of  rice  or  oatmeal, 
and  sometimes  thickened  meal,  and  nearly  clear,  which 
emit  au  insipid  spermatic  odor,  and  sometimes  present 
traces  of  blood  or  bile.  These  evacuations  are  rarely  ab- 
sent, often  continuing  to  the  termination  of  the  disease. 
Burning  thirst,  pain  in  the  epigastrium,  and  prolonged 
hiccough  are  usual  accompaniments.  Intense  cramps  of 
the  limbs  occur,  particularly  in  the  calves  of  the  legs ; 
the  muscles  are  often  in  a  state  of  tonic  contraction. 
Spasmodic  movements,  as  involuntary  flexion  and  exten- 
sion of  the  fingers  and  toes,  may  often  be  seen.  The 
pulse  is  very  feeble,  often  imperceptible.  The  features 
are  altered,  trembling  and  great  agitation  come  on,  the 
pulse  becomes  suppressed ;  bluish  spots  appear,  first  upon 
the  extremities ;  the  skin  becomes  blue  or  black  almost 
everywhere ;  the  nails  are  livid  and  almost  black,  the  fin- 
gers wrinkled,  and  the  genital  organs  retracted.  The 
volume  of  the  body  diminishes  rapidlj'  and  perceptibly ; 
the  eyes  sink  in  and  are  dull,  with  a  bluish  circle  sur- 
rounding them ;  the  conjunctiva  fades,  respiration  is  slow 
and  feeble,  the  breath  cold,  and  the  pulse  is  reduced  to  a 
mere  oscillation.  The  secretions  are  arrested,  especially 
the  urine,  the  voice  is  reduced  to  a  whisper,  the  nose  is 
cold  and — rarely — gangrenous,  the  cornea  is  flattened  and 
puckered;  spots  of  blood  appear  on  the  sclerotic,  vis- 
cid sweat  on  the  face  and  limbs;  the  intellect  becomes 
obscured,  respiration  is  embarrassed,  hiccough  com- 
mences, and  death  follows,  in  the  midst  of  an  apparent 
calm.  This  is  called  the  cold,  livid,  or  asphyctic  period. 
When  patients  escape  death  in  this  stage  they  enter  upon 
the 

Second  Period. — In  this  the  coldness  ceases  to  increase, 
warmth  returns,  the  pulse  improves  and  gradually  be- 
comes febrile,  the  face  regains  color,  the  eye  becomes 
animated,  and  a  general  reaction  occurs. 

If  recovery  is  to  be  easy  and  rapid,  vomiting  becomes 
less  frequent,  the  diarrhoea  remains,  but  the  discharges 
no  longer  present  the  appearance  peculiar  to  the  disease ; 
the  secretion  of  urine  returns,  nausea,  thirst,  and  pains 
in  the  stomach  cease  to  be  felt,  the  pulse  becomes  regu- 
lar, and  convalescence  begins. 

If  reaction  is  incomplete,  the  cold  stage  returns  with 
renewed  severtiy,  or,  on  the  other  hand,  if  reaction  be 
too  severe,  such  accidents  may  occur  as  apoplexies, 
spasms,  convulsions,  local  congestions  and  inflammations, 
and  occasionally  latent  pneumonia.  Stupor  is  sometimes 
present,  with  some  of  the  signs  of  the  last  stage  of 
typhoidfever.  Swelling  of  the  parotid  glands  and  va- 
rious skin  affections,  as  roseola,  urticaria,  erythema,  ery- 
sipelas, etc.,  may  appear  toward  the  close  of  the  disease. 

The  average  duration  is  from  one  to  thi'ee  days,  but 
sometimes  death  occurs  in  less  than  six  hours,  and  is  oc- 
casionally delayed  a  long  time— in  one  case  for  fifty  days. 
_  Complications  and  Secondary  ^Jec<20»«.— Complica- 
tions are  rare,  and  apparently  accidental,  but  secondary 
affections,  either  dii-ect  results  of  the  cholera  or  due  to 
increased  susceptibility  to  infection  or  to  debility,  are 
common. 

Course,  Duration,  and  Termination.— If  death  does  not 
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occur  during  the  algid  stage,  a  peculiar  transformation 
in  the  disease  takes  place  and  reaction  sets  in.  This  re- 
action varies  in  different  cases,  being  slow  and  tedious  in 
some,  and  abrupt  and  rapid  in  others;  its  course  is  not 
essentially  modified  by  any  antecedent  disease,  even  those 
occurring  as  complications. 

In  the  vast  majority  of  cases  cholera  runs  its  course 
with  great  rapidity,  the  greater  number  of  attacks  last- 
ing from  eighteen  to  twenty-four  hours,  the  shortest 
from  one  to  six  hours,  and  the  longest  from  fifteen  to- 
twenty  days.  Its  duration  is  the  shortest  at  the  height 
of  an  epidemic. 

The  termination  of  epidemic  cholera  may  be  favorable, 
the  progress  of  recovery  varying  widelj'  in  different 
cases ;  it  may  be  complete  in  a  few  hours  even,  and  the- 
patient  may  return  to  his  ordinary  occupation;  on  the- 
other  hand,  it  may  be  delayed  until  after  a  long  and 
perilous  struggle  against  complications  and  secondary 
affections.  There  may  remain  a  general  debility  such  as. 
is  not  often  seen  after  any  other  disease ;  the  emaciated 
features,  languishing  expression,  capricious  appetite, 
obstinate  gastralgia,  colic,  wakefulness,  tendency  to- 
coldness,  partial  or  general,  and  intellectual  and  moral 
dejection  persist  for  a  long  time.  An  attack  has  been 
known  to  change  the  whole  constitution  and  temperament 
of  a  patient.  One  attack  appears  to  furnish  no  immunity 
against  another,  and  relapses  are  always  to  be  feared. 

Symptoms  in  Detail. — Besides  this  general  account  of 
the  disease  the  symptoms  should  be  briefly  discussed  in 
the  order  of  their  occurrence. 

Precursory  Phenomena. — An  attack  is  often  preceded 
by  initiatory  uneasiness,  which  should  attract  attention  ; 
such  are  languor,  pallor,  anxious  expression,  sunken  feat- 
ures, weight  in  the  stomach,  and  movements  of  the- 
intestines.  Then  vertigo  follows,  with  abdominal  pain, 
dimness  of  vision,  and  difficulty  of  hearing;  the  eyes 
become  more  brilliant  than  ordinary,  like  those  of  a 
drunken  man.  Sometimes  circulatory  disturbances  are 
the  first  phenomena  of  the  disease,  marked  by  bluish  cir- 
cles around  the  eyes.  In  other  cases,  the  progress  of  the 
preliminary  symptoms  differs — there  are  diminution  of 
appetite  for  several  days,  general  disagreeable  sensations, 
and  frequent  alvine  dejections,  without  pain,  which  are 
yellowish,  more  and  more  fluid,  and,  finally,  become  al- 
most like  water.  A  diarrhoea  like  this  may  occur  without 
any  other  symptoms  and  develop  into  a  severe  case  of 
cholera.  Lastly,  the  disease  may  come  on  suddenly,  and 
without  warning  overwhelm  the  victim  with  its  full 
force — this  often  occurring  at  night. 

Diarrhma. — Thi..  is  most  frequently  the  mark  of  the 
onset  of  the  disease,  and  when  it  is  so,  the  stools  become 
at  once  more  and  more  frequent.  Fifteen,  twenty,  or  more 
dejections  in  twenty-four  hours  are  usual,  and  in  some 
cases  (these  are  fatal)  the  evacuations  occur  in  an  almost 
continuous  and  involuntary  jet.  They  are  often  accom- 
panied by  colic,  borborygmi,  and  gurgling,  either  spon- 
taneous or  excited  by  pressure  upon  the  abdomen.  They 
are  at  first  made  up  of  bilious,  ffecal,  or  sero-mucous- 
matter,  but  soon  assume  the  characteristic  appearance, 
viz. ,  that  of  a  whitish  flocculent  fluid  such  as  has  already 
been  described.  A  large  flocculent  sediment  is  deposited 
from  this  fluid,  a  part  of  it  looking  remarkably  like  cooked 
rice.  The  fluid  is  blood-serum,  and  the  sediment  is  made 
up  of  the  epithelial  lining  of  the  intestines  and  of  mucus. 
Sometimes  the  evacuations  are  tinged  with  blood-coloring 
matter,  giving  them  the  appearance  of  the  lees  of  wine, 
or  they  may  be  of  a  deep  brownish  color  from  the  same 
cause.  The  frequency  of  the  dejections  is  not  always- 
increased  with  the  progress  of  the  disease,  they  are  occa- 
sionally completely  arrested  during  the  cold  period,  and 
death  may  occur  without  their  beginning  again;  on  the 
other  hand,  they  may  return  with  increased  violence.  In 
those  cases  in  which  the  acute  attack  is  followed  by  a. 
prolonged  period  of  depression,  during  which  the  patient 
presents  the  typhoid  state,  the  choleraic  discharges  give 
place  to  loose,  diarrhreal  evacuations  having  a  fiecal 
odor.  These  may  be  frequent  and  persist  for  a  number 
of  days,  gradually  diminishing  as  convalescence  advances ; 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Asiatic  Cholera. 
Asiatic  Cholern. 


but  the  typhoid  condition  is  always  favorable  to  the 
development  of  dangerous  complications,  and  cases  of 
cholera  virhich  take  this  form  are  by  no  means  favorable. 
The  abundance  of  the  renal  secretion  is  considered  a 
valuable  prognostic  sign.  After  recovery  obstinate  con- 
stipation may  occur. 

Vomitinff.— Nausea,  and  vomiting,  sometimes  almost 
constant,  occur  from  the  very  beginning  of  the  disease. 
The  vomitus  is  poured  out  by  an  almost  constant  effort ; 
it  does  not  differ  in  character  from  the  dejecta,  except 
that  it  is  sometimes  more  limpid,  and  is  sometimes  slight- 
ly tinged  with  bile.  It  is  very  rare  that  vomiting  per- 
sists to  the  second  period  of  the  disease,  but  the  ingestion 
of  the  smallest  quantity  of  fluid  may  excite  it  with  great 
violence.  It  often  alternates  or  coincides  with  a  verj' 
troublesome  hiccough. 

Abdominal  Pain. — This  often  precedes  the  vomiting 
and  choleraic  diarrhoea.  It  is  griping,  and  of  the  most 
intense  character,  situated  in  the  region  of  the  epigas- 
trium, or  over  the  entire  abdomen.  A  doughy  sensation 
is  communicated  to  the  hand  upon  pressure,  and  percus- 
sion gives,  usually,  an  almost  universal  dull  or  flat  note. 

Anorexia;  Thirst;  Tongue. — Loss  of  appetite  is  com- 
plete, and  corresponds  in  point  of  time  with  a  burning 
and  inextinguishable  thirst.  The  throat  and  mouth  are 
parched,  the  tongue  is  frequently  clean,  commonly  large, 
pale,  moist,  cold,  very  rarely  dry,  and  occasionally  cov- 
ered with  a  yellowish  coat.  This  condition  is  peculiar 
to_  the  first  period ;  it  varies,  later  on,  with  the  degree  of 
reaction,  or  with  the  nature  of  the  complications  and  sec- 
ondary affections. 

Urine. — Upon  the  first  appearance  of  the  gastro-intes- 
tinal  evacuations  the  urine  becomes  scanty,  and  is  fre- 
quently completely  suppressed;  exceptional  cases  are 
reported  in  which  it  remains  normal  throughout.  Emis- 
sion is  involuntary.  Sometimes,  after  suppression,  it  re- 
appears about  the  middle  of  the  cold  stage ;  being  again 
suppressed  for  the  remainder  of  the  disease.  The  desire 
to  urinate  remains,  although  the  power  may  be  lost ;  the 
secretion  and  flow  are  generally  re-establislied  during  the 
period  of  reaction.  There  are  no  observations  pointing 
to  the  occurrence  of  renal  disease.  The  urine  is  espe- 
cially rich  in  indican  and  other  ethereal  sulphates.  Am- 
monium salts  are  also  increased  and  aceto-acetic  acid  may 
be  present  in  considerable  quantities.  These  changes  in 
the  urine  are  attributable  to  the  readj''  absorption  of 
putrefactive  products  from  the  intestinal  contents,  due 
in  part  at  least  to  the  loss  of  the  epithelial  lining  of  the 
bowel,  and  to  the  reduction  of  oxidative  processes  within 
the  body. 

Cramps. — Violent  and  prolonged  cramps,  beginning 
with  the  first  diarrhoea,  in  tlie  muscles  of  the  legs  and 
extending  to  the  abdomen,  arms,  and  even  to  tlie  face, 
are  among  the  most  characteristic,  and  at  the  same  time 
the  most  terrible,  symptoms  of  cholera.  They  some- 
times persist  throughout  an  attack,  and  even  after  a 
cure,  and  muscular  contractions  have  even  been  observed 
after  life  was  extinct.  During  an  epidemic  cramps  have 
been  observed  without  any  other  symptoms.  It  has  been 
suggested  (Weir  Mitchell:  "Injuries  of  Nerves,"  p.  53, 
ed.  1872)  that  they  are  caused  by  the  loss  of  water  from 
the  body,  and  the  consequent  "  drying  "  and  irritability 
of  the  nervous  system,  a  phenomenon  analogous  to  the 
violent  contractions  of  a  frog's  leg  when  the  sciatic  nerve 
is  exposed  and  allowed  to  dry  in  the  air. 

Headache;  Derangement  of  tlie  Senses. — Weight  in  the 
head,  with  giddiness  and  vertigo,  occurs  during  the  in- 
vasion ;  cephalalgia,  often  very  severe,  appears  during 
reaction;  it  is  generally  heavy,  and  more  marked  in  the 
frontal  regions;  at  the  same  time  occur  ringing  and  buz- 
zing in  the  ears.  The  sight  is  generally  allected  during 
the  whole  course  of  the  disease ;  it  is  blurred,  double,  or 
perverted,  so  that  the  patient  sees  objects  colored  blue, 
or  alternately  black  and  red ;  it  is  occasionally  completely 
extinct.  The  touch  and  general  sensibility  are  much 
blunted. 

Intellectual  Faculties. — These  are  generally  unaltered, 
although  the  power  of  expression  may  be  impaired.    It 


is  only  in  certain  modes  of  reaction  in  the  second  stage,. 
and  in  certain  complications,  that  stupor  and,  more  rare- 
ly, delirium  occur. 

Strength. — There  is  in  all  cases  almost  entire  loss  of 
strength,  the  least  displacement  of  the  limbs  being  un- 
bearable. Most  patients,  either  stretched  on  the  back  or 
witlj  the  limbs  closely  drawn  up,  remain  in  a  state  of 
complete  immobility  through  tear  of  fatigue.  Transient 
faintness  appears  in  some  cases. 

Voice. — It  is  characteristic ;  changing  very  rapidly  from 
a  state  of  feebleness  at  the  commencement  of  the  disease 
to  a  rough  and  whistling  tone.  It  occasionally  becomes- 
entirely  extinct,  but  in  some  cases  retains  strength  enough 
for  loud  cries.  It  gradually  returns  to  its  normal  con- 
dition as  the  disease  lessens  in  intensity  and  recovery 
progresses. 

Respiration  is  ordinarily  very  difficult,  the  frequency 
varying  from  ten  to  flfty-two  per  minute.  This  does- 
not  depend  upon  any  altered  condition  of  the  lungs  as. 
revealed  by  physical  examination,  but  seems  to  be  in 
some  way  connected  with  the  presence  of  less  than  the 
normal  amount  of  carbonic  acid  in  the  expired  air. 

Circulation. — The  circulation  is  very  gravely  affected. 
The  pulse  becomes  more  and  more  feeble,  and  disappears 
entirely  at  the  height  of  the  cold  period;  it  is  always- 
more  frequent  than  in  health.  The  blood  moves  slowly 
and  will  not  flow  from  a  vein  or  an  artery  of  small  size. 
This  sort  of  stagnation  aids  in  producing  the  bluish  hue 
peculiar  to  the  cold  stage.  This  bluish  hue  makes  its  ap- 
pearance first  in  the  extremities,  in  the  genital  organs, 
and  in  the  face.  It  is  especially  observable  in  patients 
who  are  plethoi'ic  and  of  florid  complexion.  It  dimin- 
ishes and  often  disappears  during  reaction,  and  sometimes, 
does  not  occur  at  all.  It  may  go  so  far  as  to  produce- 
gangrene,  as  has  been  observed  in  the  nose,  tongue,  and 
sexual  organs. 

Temperature. — The  temperature  is  seemingly  reduced; 
the  expired  air  being  only  35°  to  27"  C.  (77°  to  80.0°  F.). 
This  reduction  in  temperature  is  confined  to  the  surface, 
however,  the  internal  temperature  being  higher  than  ia 
the  highest  fever  (Guterbock,  Virch.  Arch.,  xxxviii.,  p. 
30). 

Appearance. — The  aspect  is  characteristic;  the  face  is- 
contracted,  the  brow  wrinkled,  the  cheeks  are  hollow,  the 
lips  thin  and  pressed  in  upon  the  teeth,  the  complexion 
becomes  livid  and  bluish,  the  eyes  more  and  more  sunken, 
and  surrounded  by  a  dark  circle.  Expression  is  lost  by 
degrees,  and  death  seems  to  have  occurred  while  life  is 
still  present.  The  eye  is  dim,  its  surface  wrinkled, 
sunken,  and  sometimes  dry,  the  globe  is  left  exposed  by 
the  lids,  and  the  conjunctiva  becomes  injected  and  cov- 
ered with  spots  of  blood.  Even  if  recovery  takes  place, 
the  normal  aspect  of  the  face  returns  very  slowly. 

OoMi'LiCATioNS,  Secondauy  AFFECTIONS. — Complica- 
tions are  rare  and  appanmtly  accidental;  among  them, 
peritonitis,  jaundice,  gangrene,  osdema  of  the  lungs, 
erysipelas  of  the  face,  abscesses,  ulceration  of  the  eyelids, 
and  aphthae  may  be  mentioned  as  of  occasional  occur- 
rence. 

Secondary  affections  are,  however,  very  common. 
Tliey  may  consist  of  gastro-intestinal  inflammations, 
immediate,  or  after  some  daj's  of  convalescence,  or  of 
affections  of  the  respiratory  organs.  In  other  cases 
persons  who  have  apparently  escaped  the  accidents  of 
cholera  have  a  secondary  fever,  described  as  of  a 
typhoidal  type,  dry  skin,  tension  and  tenderness  in  the 
epigastrium,  jactitation,  dry  tongue,  bilious  stools,  and 
chills.  Various  skin  eruptions  occur,  and  temporary 
albuminuria  has  been  observed  following  an  attack  of 
cholera.  The  most  grave  of  the  secondary  affections, 
however,  are  those  which  affect  the  nervous  system. 
The  cerebral  congestions  during  reaction  are,  in  some- 
cases,  followed  by  a  typical  meningitis  with  trismus. 
Rayer's  "  Etat  cerebral  cholerique  "  includes  a  groip  of 
phenomena  distinct  from  those  of  meningitis,  which  su- 
pervenes upon  the  cold  stage ;  the  skin  is  cold,  the  pulse 
feeble,  the  head  heavy,  the  countenance  stupid,  and 
sometimes  the  cholera  tint  remains.     Other  affections  are 
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a  sort  of  non-febrile  delirium,  lasting  for  two  or  three 
days  and  the  spasmodic  contractions  of  the  forearm 
Sh  occur  during  convalescence.  True  intermittent 
febrile  attacks,  with  initial  chills,  occurring  ejery  day 
during  reaction,  have  also  been  observed.  All  these 
affections  are,  for  the  most  part,  more  rapid  than  when 
occurring  in  the  individual  previously  healthy. 

Pathology  —Until  more  is  known  of  the  exact  nature 
of  the  toxic  substances  wliicli  can  be  elaborated  by  the 
oholera  spirillum,  when  present  in  the  human  intestine, 
no  very  exact  statements  of  the  pathology  of  the  disease 
can  be  given  It  is  evident  that  an  irritation  of  the  in- 
testinal mucosa,  with  more  or  less  damage  to  the  histo- 
logical structures,  is  caused  by  the  spirillum  or  its  prod- 
ucts and  that  in  pronounced  cases  a  very  abundant 
transudate  of  fluid  follows.  Many  of  the  symptoms  ot 
the  disease,  especially  in  the  algid  stage,  are  due  to  the 
oonsequent  loss  of  fluid  on  the  part  of  the  blood  and  tis- 
sues ot  the  body.  In  addition  to  this  loss  of  fluid  there 
are  reflex  nervous  influences  upon  the  heart  and  perhaps 
other  parts  of  the  body,  due  to  the  lesions  in  the  intestine, 
and  toxic  substances  absorbed  from  the  intestinal  contents 
probably  act  upon  the  cells  of  the  viscera.  To  these  fac- 
tors, i.e.,  loss  of  fluid,  nervous  reflexes  and  toxa;mia, 
which  account  for  the  symptoms  of  the  disease,  may  be 
added  an  increased  susceptibility  to  secondary  infections. 

Pathological  Anatomy.— The  alterations  of  the  in- 
ternal organs  in  a  case  of  death  from  cholera  bear  little 
relation  to  the  violence  of  the  disease.  The  appearances 
are  about  as  follows:  Emaciation  is  general,  and  there  is 
marked  lividity  of  the  lips  and  nostrils.  Rigor  mortis  is 
not  rare  before  the  warmth  of  the  body  has  wholly  de- 
parted and  is  very  marked  and  prolonged.  The  perito- 
neal surface  is  sticky  and  covered  with  a  viscid  exudation 
{present  in  91.6  per  cent,  of  530  cases) ;  the  vessels  of  the 
mesentery  are  engorged  with  blood.  The  calibre  of  the 
intestinal  canal  is  more  often  increased  than  diminished, 
and  always  contains  some  fluid  choleraic  matter.  The 
fluid  is  blood  serum,  containing  a  variable  number  of  red 
corpuscles,  and  the  thicker  material  found  in  it  is  made 
up  of  intestinal  epithelial  cells  and  mucus.  The  intes- 
tinal mucous  membrane  is  usually  normal  in  thickness, 
but  is  generally  denuded  of  epithelium.  The  villi  are 
swollen,  giving  the  surface  a  velvety  appearance,  and 
Peyer's  patches  and  the  solitary  follicles  are  much  en- 
larged. The  glands  of  the  stomach  and  of  the  duodenum 
are  enlarged,  and  the  surface  is  largely  denuded  of  epi- 
thelium. There  are  no  special  lesions  of  the  other  organs. 
The  liver  is  rarely  enlarged,  is  the  seat  of  moderate  cloudy 
swelling,  and  is  usually  congested  with  dark  thick  blood. 
The  gall-bladder  generally  contains  bile,  which  is  at  first 
thicker  than  normal,  but  subsequently  becomes  more 
abundant  and  pale.  The  biliar}-  duct  is  not  obstructed. 
The  pancreas  presents  no  marked  alteration.  The  spleen 
In  rapid  cases  is  small,  hard,  and  wrinkled  upon  its  sur- 
face, of  a  deep  red  color  on  section,  and  sometimes  dotted 
with  ecchymoses;  in  slow  cases  it  may  be  slightly  en- 
larged and  less  deep  red  in  color.  The  blood  is  thicker 
than  normal,  coagulates  slowly,  and  the  separation  into 
clot  and  serum  is  very  incomplete.  The  corpuscles  are 
not  altered  in  sliape,  but  there  is  a  remarkable  diminution 
in  the  proportion  of  water  and  neutral  salts,  and  a  de- 
crease in  the  amount  of  fibrin  and  albumin.  The  heart 
is  usually  soft  and  flabby,  the  muscle  degenerated,  with 
ecchymoses  in  the  pericardium.  The  left  side  is  apt  to 
be  empty  and  contracted,  the  right  distended  with  dark, 
tliick  blood.  The  arteries  are,  in  general,  nearly  empty, 
the  veins  distended  with  blood.  The  pleurre  "are  very 
frequently  coated  with  a  glutinous,  stringy  substance, 
and  ecchymoses  often  appear  in  the  siibpleural  cellular 
tissue.  The  lungs  are  usually  healthy,  but  presenting 
■engorgements  at  the  posterior  portions ;  or  they  may  con- 
tain pneumonic  areas  or  abscesses  due  to  inhaled  vomi- 
tus.  The  bronchi  are  much  congested,  and  may  contain 
a  white,  stringy  mucus,  analogous  to  that  found  lining 
the  intestinal  canal.  The  condition  of  the  brain  and  spi- 
nal cord,  together  with  tlieir  appendages,  is  merely  that 
of  congestion  without  special  lesion,  althougli  it  has  been 


declared  that  there  is  a  sensible  increase  in  their  consis- 
tence. The  ganglionic  system  presents  no  change  worthy 
of  notice.  The  muscles"  are  often  engorged  with  blood, 
and  a  very  marked  reddish-brown  discoloration  of  the 
bones  and  of  the  teeth  has  been  noticed  in  those  dying  of 
asphyxia.  Renal  congestion  is  the  marked  alteration  in 
connection  with  the  genito-urinary  tract,  and  the  straight 
tubules  are  often  completely  stripped  of  their  epithelium. 
The  epithelium  of  the  convoluted  tubules  suffers  marked 
parenchymatous  degeneration,  even  in  cases  of  short 
duration.  In  those  dying  in  the  cold  stage  the  bladder 
is  empty  and  firmly  contracted.  The  uterus  usually 
shows  a  hemorrhagic  endometritis,  and  abortion  is  the 
rule  in  pregnant  women. 

Descbiption  of  the  Spirillum  op  Cholera. — Asiatic 
cholera  is  without  doubt  due  to  a  special  organism — the 
so-called  "  comma  bacillus  "  of  Koch— this  name  being  a 
misnomer,  for  the  bacterium  is  not  a  bacillus,  but  a 
spirillum. 

The  parasitic  nature  of  the  disease  was  suspected  for  a 
long  time.  A  number  of  observers  had  noted  the  pres- 
ence, in  the  cells,  of  bacteria  answering  the  description 
of  this  special  one,  but  it  was  not  until  the  advance  in 
methods  of  observation  had  progressed  a  long  way  that 
it  was  possible  to  isolate  the  organism,  and  study  it  under 
artificial  conditions  in  such  a  manner  as  to  obtain  the  evi- 
dence necessary  to  connect  it  with  the  process  as  a  causal 
factor.  It  was  in  the  year  1883  that  Koch  first  discovered 
and  described  the  spirillum  of  Asiatic  cholera,  which  he 
first  found  during  his  investigation  in  Egypt  during  the 
epidemic  there,  and  studied  further  during  the  following 
winter  in  India. 

The  organism  occurs  especially  in  the  small  intestine, 
is  generally  wholly  confined  to  the  contents  of  the  intes- 
tine and  the  glandular  culs-de-sac,  but  is  occasionally 
found  in  the  intestinal  walls.  It  is  exceptional  to  find  it 
in  any  other  part  of  the  bodj',  and  it  is  not  strange  that 
investigations  undertaken  with  the  idea  that  cholera  was 
a  generalized  disease  were  not  productive  of  results. 
The  bacterium  is  found  in  large  quantities  in  the  dejecta, 
and  sometimes — in  fact  not  infrequently — in  almost  a 
pure  culture. 

In  the  intestines  and  in  the  dejecta  it  presents  the  ap- 
pearance of  a  short,  thick  rod,  slightly  curved  in  the  long 
diameter,  hardly  half  as  long,  but  considei-ablj-  thicker 
than  the  bacillus  of  tuberculosis.  It  usually  occurs  in 
this  situation  singly,  but  not  infrequently  it  is  arranged 
in  pairs,  with  the  curves  opposed  to  each  other,  and  thus 
recalling  the  shape  of  the  letter  "S."  There  are  many 
exceptions  to  this  rule,  and  a  simple  microscopical  ex- 
amination of  the  dejecta  does  not  suffice  to  establish  a 
diagnosis  of  Asiatic  cholera,  or  to  exclude  such  a  diag- 
nosis. Sometimes  no  curved,  S-shaped,  or  spirilliform 
organisms  are  seen,  but  the  preparation  contains  numer- 
ous granules  of  various  shapes.  If,  however,  plate  cul- 
tures are  made  from  these  discharges,  thej'  may  yield 
practically  pure  cultures  of  the  cholera  spirillum.  Even 
when  very  small  quantities  of  the  dejecta  are  used,  the 
colonies  may  crowd  the  plates.  Under  cultivation  in 
bouillon  the  organism  appears  longer  and  thinner,  and 
there  are  many  true  spirilla  to  be  seen  in  the  preparations 
made  from  such  a  culture.     (See  Plate  LIX.) 

A  characteristic  that  is  of  especial  interest  is  its  extreme 
motility,  which  has  been  demonstrated  by  LOffler  to  be 
due  to  a  fine  cilium  or  two,  occasionally  three  cilia, 
which  are  longer  than  the  bacteria,  placed  at  one  end  of 
the  organism.  Shortly  before  division,  both  ends  pos- 
sess cilia.  After  prolonged  artificial  cultivation  the 
motility  is  reduced  in  activity. 

Shape  and  motility  are  not,  however,  sufficient  to  dif- 
ferentiate this  bacterium  from  others  with  similar  charac- 
teristics— and  there  are  many  that  possess  such — but  the 
method  of  development  upon  the  various  culture  media 
is  entirely  characteristic,  and,  as  shown  by  Koch,  is  all 
that  is  necessary  for  separating  this  one  in  particular 
from  the  others  that  resemble  it.  It  liquefies  gelatin, 
but  it  does  this  slowly,  and  at  the  same  time  a  certain 
part  of  this  liquefied  portion  evaporates,  and  as  a  result 
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EXPLANATION  OF  PLATE  LIX. 

Fig.  1. — Mucus  from  the  Intestine  of  a  Cholera  Patient.  Cover-glass  preparation,  stained  with 
gentian  violet.     Magnified  800  diameters.     (Fraenkel.) 

Fig.  2.— Colony  of  Cholera  Bacilli  in  Gelatin,  after  the  Lapse  of  Seventy-tvi'o  Hours.  Magnified 
75  diameters.     (Plagge.) 

Fig.  3.— Colony  of  Cholera  Bacilli  in  Gelatin,  after  the  Lapse  of  Seventy -two  Hours.  Magnified 
170  diameters.     (Koch.) 

Fig.  4.— Cholera  Bacilli  from  a  Bouillon  Culture  at  the  Expiration  of  .Twenty-four  Hours.  Cover- 
glass  preparation  stained  with  fuohsin.     Magnified  1,000  diameters.     (Koch.) 

Fig.  5.— Needle  Cultures  of  Cholera  Bacilli  in  Nutrient  Gelatin,  at  the  expiration  of  one  day,  three 
days,  four  days,  five  days,  seven  days,  and  ten  days,  respectively.  (From  Koch  and  Gafiky : 
"  Bericht  uber  die  Thatlgkeit  der  zur  Erforschung  der  Cholera  im  Jahre  1883  nach  Egy pten  und 
Indien  entsandteu  Commission,"  Berlin,  1887.) 
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there  is  a  special  appearance  of  the  culture  that  is  shared 
by  only  a  few  other  spirilla.  At  the  upper  portion  of  the 
gelatin  there  is  a  round  cavity  full  of  air,  and  as  the  sur- 
rounding gelatin  has  remained  solid, -the  appearance  is 
that  of  a  bubble  of  air  in  the  midst  of  the  upper  part  of 
the  gelatin  and  above  the  liquefied  part.  Tlie  appearance 
is  wholly  different  when  the  organism  found  by  Finkler 
is  put  under  the  same  conditions,  and  equally  so  with  the 
cheese  spirillum  of  Deneke.  The  spirillum  of  Metschni- 
koff  grows  in  very  similar  fashion  in  stab  cultures  in 
gelatin,  and  there  have  been  isolated  from  water  and 
other  sources  spirilla  which  cannot  be  distinguished  from 
the  cholera  vibrio  in  this  culture  medium. 

Morphology. — Slightly  curved  rods,  with  rounded  ends, 
from  0.8/ito  3/a  long,  and  about  0.3/i  to  O.S^u  broad. 
They  are  usually  but  slightly  curved,  like  a  comma,  but 
are  occasionally  in  the  form  of  a  half-circle,  or  two 
united  rods  curved  in  opposite  directions,  forming  an 
S-shaped  figure.  Under  certain  circumstances  these 
curved  rods  may  develop  into  long  spiral  filaments,  and 
in  hanging-drop  cultures  the  S-shaped  figures  may  also 
be  seen  to  form  the  commencement  of  a  spiral.  In  stained 
preparations  the  spiral  character  of  the  long  filaments  is 
often  obliterated,  or  nearly  so.  When  development  is 
very  rapid,  the  short  curved  rods,  or  S-shaped  spirals, 
only  are  seen,  but  in  hanging-drop  cultures,  or  in  media 
in  which  the  development  is  retarded  by  an  unfavorable 
temperature,  the  presence  of  a  little  alcohol,  and  so  on, 
the  long  'spiral  filaments  are  quite  numerous,  and  it  is 
quite  generally  agreed  that  the  so-called  comma  bacillus 
is  really  only  a  fragment  of  a  true  spirillum. 

By  LOffler's  method  of  staining,  the  rods  ma}'  be  seen 
to  have  from  one  to  three  terminal  flagella.  In  old  cult- 
ures the  bacilli  frequently  lose  their  characteristic  form, 
and  become  variously  swollen  and  distorted.  Hueppe 
has  described  the  appearance  in  the  course  of  the  spiral 
filaments,  of  spherical  bodies  which  he  believes  to  be  re- 
productive elements,  the  so-called  arthrospores.  These 
bodies  are  not  functionally  spores;  for  cultures  contain- 
ing them  are  no  more  resistant  than  those  which  contain 
spirilla  without  these  bodies.  The  cholera  bacillus  stains 
with  the  usual  aniline  colors,  but  not  so  quickly  as  many 
other  bacteria.  It  is  best  stained  by  a  watery  solution  of 
fuchsin.  It  will  not  stain  by  Gram's  method.  Sections 
may  be  stained  by  LOffler's  methylene  blue. 

Bioloi/ical  Characters. — It  is  an  aerobic,  facultative 
anaerobic,  liquefying,  motile  spirillum,  grows  in  the 
usual  culture  media  at  the  room  temperature,  more  rapid- 
ly in  the  incubator,  does  not  develop  above  42°  C.  or 
below  14°  C,  does  not  form  endogenous  spores.  In  gela- 
tin plate  cultures,  at  32°  C,  at  the  end  of  twenty-four 
hours  small  white  colonies  may  be  perceived  in  the  depth 
of  the  gelatin.  These  grow  toward  the  surface,  and  cause 
liquefaction  of  the  gelatin  in  the  form  of  a  funnel  that 
gradually  increases  in  depth,  and  at  the  bottom  of  which 
is  seen  the  colony,  in  the  form  of  a  small  white  mass.  As 
a  result  of  this,  the  plates  on  the  second  or  third  day  ap- 
pear to  be  perforated  with  numerous  small  holes ;  later, 
the  gelatin  is  entirely  liquefied.  Under  a  low  power,  the 
joung  colonies,  before  liquefaction  has  commenced,  pre- 
sent a  somewhat  characteristic  appearance.  They  are  of 
a  white,  or  pale  yellow  color,  with  a  more  or  less  irregu- 
lar outline,  the  margins  being  rough  and  uneven;  the 
texture  is  coarsely  granular,  and  the  surface  looks  as  if  it 
was  covered  with  little  fragments  of  broken  glass,  while 
the  colony  has  a  shining  appearance.  When  liquefaction 
commences,  an  ill-defined  halo  is  first  seen  to  surround  the 
granular  colony,  which  by  transmitted  light  has  a  pecul- 
iar roseate  hue. 

In  gelatin  needle  cultures  development  occurs  all  along 
the  line  of  inoculation,  but  liquefaction  of  the  gelatin  oc- 
curs at  first  only  near  the  surface.  On  the  second  day, 
at  30°  C,  a  short  funnel  is  formed  that  has  a  compara- 
tively narrow  mouth,  the  upper  portion  containing  air; 
iust  below  this  is  the  whitish  viscid  mass  of  the  growth. 
At  the  end  of  from  four  to  six  days,  the  funnel,  having 
increased  in  depth  and  diameter,  may  reach  the  walls  of 
the  test  tube.     In  from  eight  to  fourteen  days  the  upper 


two-thirds  of  the  gelatin  is  completely  liquefied.  Owing 
to  the  slight  liquefaction  occurring  along  the  line  of 
growth  the  first  three  or  four  days,  the  central  mass  that 
has  formed  along  the  line  of  inoculation  settles  down  as  a 
curved  or  irregularly  bent  yellowish-white  thread,  in  the 
lower  part  of  a  slender  tube  filled  with  liquefied  gelatin, 
the  upper  pait  of  which  widens  out,  and  is  continuous 
with  the  funnel  above.     (See  Fig.  5  of  Plate  LIX.) 

On  the  surface  of  nutrient  agar  a  moist,  shining,  white 
layer  is  formed  along  the  line  of  inoculation.  Blood 
serum  is  slowly  liquefied.  On  potato  in  the  incubator,  a 
rather  thin  semitransparent  brown,  or  grayish-brown 
layer  is  developed. 

In  nutrient  bouillon  the  development  is  abundant  and 
rapid,  especially  in  the  incubator.  The  fluid  is  only 
shghtly  clouded,  but  the  spirilla  accumulate  at  the  sur- 
face, forming  a  wrinkled  membranous  layer. 

Sterilized  milk  is  also  a  favorable  culture  medium. 
The  milk,  however,  is  not  visibly  altered  by  the  growth 
of  the  bacilli. 

In  general  this  organism  grows  in  any  fluid  containing 
a  small  quantity  of  organic  material  and  having  a  slightly 
alkaline  reaction.  An  acid  reaction  of  the  culture  me- 
dium prevents  its  development  aS'a  rule,  but  it  has  the 
power  of  gradually  accommodating  itself  to  the  presence 
of  vegetable  acids,  and  grows  upon  potatoes  (in  the 
incubator  only)  which  have  a  slightly  acid  reaction. 
Abundant  development  occurs  in  bouillon  which  has 
been  diluted  with  eight  or  ten  parts  of  water,  and  the 
experiments  of  Wolffhi'igel  and  Riedel  show  that  it  also 
multiplies  to  some  extent  in  sterilized  river  or  well  water, 
and  that  it  preserves  its  vitality  in  such  water  for  several 
months,  but  in  milk  or  water  containing  other  bacteria  it 
dies  out  in  a  few  days.  This  organism  is  destroyed,  in 
i-ecent  cultures,  in  nutrient  gelatin  at  53°  C,  as  deter- 
mined by  Sternberg,  the  time  of  exposure  being  four 
minutes.  A  few  colonies  only  develop  after  exposure  to 
a  temperature  of  50"  C.  for  ten  minutes.  In  Kitasato's 
experiments  ten  or  even  fifteen  minutes'  exposure  to  a 
temperature  of  55°  C.  was  not  always  successful  ii. de- 
stroying the  vitality  of  the  spirilla,  although  in  certain 
cultures  exposure  to  50°  C.  for  fifteen  minutes  was  suc- 
cessful. The  low  resisting  power  to  heat,  desiccation, 
and  chemical  agents,  indicates  that  this  organism  does 
not  form  spores,  and  most  bacteriologists  agree  that  this 
is  the  case. 

Hueppe  has  described  a  mode  of  spore  formation  which 
is  different  from  that  occurring  among  the  bacilli,  that  is, 
the  formation  of  so-called  arthrospores.  These  are  said 
to  be  developed  in  the  course  of  the  spiral  threads,  not 
as  endogenous,  refractive  spores,  but  as  spherical  bodies 
with  a  somewhat  greater  diameter  and  somewhat  more 
refractive ;  but  this  method  of  spore  formation  has  not 
been  observed  by  others  who  have  investigated  the  ques- 
tion, and  cannot  be  considered  established. 

The  test  for  the  presence  of  the  cholera  spirilla  origi- 
nated by  Bu  j  wid  and  by  Dunham  consists  in  the  reddish- 
violet  color  produced  in  the  bouillon  cultures  containing 
peptone,  or  in  cultures  in  nutrient  gelatin  when  a  small 
quantity  (five  to  ten  per  cent.)  of  sulphuric  acid  is  added 
to  the  cultures.  According  to  Fraenkel  this  test  serves 
to  distinguish  it  from  the  ordinary  bacteria  of  the  intes- 
tine, and  from  the  Finkler-Prior  spirillum,  but  not  from 
Metschnikoff's  spirillum.  The  reaction  is  shown  by 
bouillon  cultures  which  have  b(?en  in  the  incubator  for 
ten  or  twelve  hours,  and  by  gelatin  cultures  in  which 
liquefaction  has  occurred.  The  sulphuric  acid  should  be 
quite  pure.  The  color  quickly  appears,  and  is  reddish- 
violet  or  purplish-red.  According  to  Salkowski,  the  red 
color  is  due  to  the  well-known  indol  reaction,  which  in 
cultures  of  the  cholera  spirillum  is  exceptionally  intense 
and  rapid  in  its  development. 

The  most  satisfactory  method  for  obtaining  the 
"  cholera-red  "  reaction — as  we  have  had  lately  abundant 
opportunity  to  verify — is  that  of  Beyerinck  ("  Cat.  f. 
Bact.  u.  Parasit.,"  Bd.  xii.,  S.  715)  in  which  cultures  are 
made  in  filtered  neutralized  one-half-per-cent.  soluMon  of 
commercial  peptone,  at  37°  C.     After  twelve  to  twenty- 
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four  hours  the  cultures  are  cooled,  and  from  two  to  five 
drops  of  chemically  pure  sulphuric  acid  are  added.  If 
the  spirillum  he  present,  a  very  marked  and  beautiful 
rose-violet  color  is  produced  in  the  course  of  a  few  mo- 
ments. In  peptone-water  cultures  this  indol  reaction  is 
perceptible  as  soon  as  the  faintest  clouding  of  the  medium 
can  be  observed.  Four  to  six  hours'  incubation  at  37°  C. 
may  suffice. 

A  test  which  Is  said  to  distinguish  cultures  of  the 
cholera  spirillum  from  the  spirillum  of  Deneke  and  that 
of  Finkler-Prior  has  been  suggested  by  Cahen.  This  con- 
sists in  adding  a  solution  of  litmus  to  the  bouillon,  and 
in  making  the  cultures  at  87°  C.  The  cholera  cultures 
sliow  on  the  following  day  a  decoloration  which  does  not 
occur  at  this  temperature  with  the  other  spirilla  named. 
For  determining  as  promptly  as  possible  whether  certain 
suspected  excreta  contain  the  cholera  spirilla,  a  little  of 
the  material  may  be  used  to  inoculate  greatly  diluted 
bouillon,  or  a  one-percent,  peptone,  one-half -per-cent. 
salt  solution,  gelatin  plates  being  made  at  the  same 
time.  At  the  end  of  ten  or  twelve  hours  the  cholera 
spirilla,  if  present,  will  already  have  formed  a  character- 
istic wrinkled  lilm  upon  the  surface  of  the  bouillon.  A 
little  of  this  should  be  used  to  start  a  new  culture  in 
bouillon,  and  a  series  of  gelatin  plates  made  from  it, 
after  which  the  indol  test  may  be  applied.  In  the 
peptone  solution  mentioned  above,  the  cholera  spirilla 
seek  the  surface  of  the  medium,  and  if  cultivated  at  37°  C. 
a  little  of  the  material  may  be  taken  with  a  loop  from  the 
surface  at  the  expir-ation  of  three  hours  and  used  for  plate 
cultures  or  for  examination  in  the  hanging  drop.  The 
result  of  this,  in  connection  with  the  morphology  of  the 
micro-organisms  forming  the  film,  and  the  character  of 
growth  iu  the  gelatin  plates,  will  establish  the  diagnosis, 
if  the  cholera  spirillum  is  present  in  considerable  num- 
bers ;  if  but  few  are  present  in  the  original  material  it 
may  be  necessary  to  make  two  or  more  series  of  plates 
and  bouillon  cultures  before  a  pure  culture  can  be  ob- 
tained, and  a  positive  diagnosis  made.  These  tests  will 
sufiSice  for  the  purpose  in  times  of  epidemic  cholera,  but 
when  there  is  doubt  concerning  the  existence  of  cholera 
in  the  region,  more  rigorous  identification  is  desirable. 
The  virulence  of  the  cultures  may  be  tested  on  guinea- 
pigs  and  the  agglutinative  test  with  the  serum  of  im- 
munized animals  applied. 

Pfeiffer  has  shown  that  recent  aerobic  cultures  of  the 
cholera  spirillum  contain  a  specific  toxic  substance  fatal 
to  guinea-pigs  iu  extremely  small  doses.  This  substance 
stands  in  close  relation  with  the  bacterial  cells,  and  is 
perhaps  an  integral  part  of  the  same. 

The  spirilla  may  be  killed  by  chloroform,  by  thymol,  or 
by  desiccation  without  apparent  injury  to  the  toxic  char- 
acter of  this  material.  It  is  destroyed,  however,  by  ab- 
solute alcohol,  by  concentrated  solutions  of  neutral  salts, 
and  by  the  boiling  temperature,  and  secpndary  products 
are  formed  which  have  a  similar  physiologicalaction,  but 
are  from  ten  to  twenty  times  less  potent. 

Similar  toxic  substances  were  obtained  by  Pfeiffer  from 
cultures  of  the  Pinkler-Prior  spirilla,  and  from  the  spirilla 
of  Metschnikoff. 

_  The  spirillum  is  not  found  in  the  blood,  nor  in  the  va- 
rious organs  of  individuals  dead  of  cholera,  but  is  always 
found  in  the  discharges  during  life,  and  in  the  contents 
of  the  intestines  examined  immediately  after  death,  fre- 
quently in  almost  a  pure  culture  in  the  colorless  rice- 
water  discharges.  They  may  persist  in  the  discharges 
for  twenty-three  or  more  days,  but  usually  disappear 
from  the  ninth  to  the  twelfth  day  of  the  disease.  Occa- 
sionally they  may  fail  to  appear  in  cultures  for  one  or 
more  days  during  the  attack.  It  is  evident  that  the  mor- 
bid phenomena  must  be  ascribed  to  the  absorption  of 
toxic  substances  formed  during  the  growth  of  the  spiril- 
lum in  the  intestine.  In  cases  which  terminated  fatally 
after  a  very  brief  sickness  Koch  found  but  very  slight 
changes  in  the  mucous  membrane  of  the  intestine,  which 
was  slightly  swollen  and  reddened;  but  in  more  pro- 
tracted cases  the  follicles  and  Peyer's  patches  were  red- 
dened about  their  margins,  and  an  invasion  of  the  mucous 
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membrane  by  the  organisms  was  observed  in  properly 
stained  sections.  They  penetrated  especially  the  folli- 
cles of  Lieberkiihn,  and  in  some  cases  were  seen  between 
the  epithelium  and  the  basement  membrane.  As  a  rule, 
the  spirillum  is  not  present  in  vomited  material,  but  there 
are  numerous  exceptions  to  this  rule  on  record.  All 
observers  have  found  the  organism  always  present  in 
cases  of  true  cholera;  on  the  other  hand,  very  numer- 
ous control  experiments  fail  to  show  Its  presence  in  the 
intestinal  contents  of  healthy  persons,  when  cholera  is 
not  prevalent,  or  in  that  of  those  dead  from  other  dis- 
eases. 

Nicati  and  Rietsch  observed  a  certain  degree  of  attenu- 
ation in  the  pathogenic  power  of  the  spirillum,  after  it 
had  been  cultivated  for  a  considerable  time  at  from  20° 
to  35°  C,  and  the  observation  has  since  been  made  that 
cultures  which  have  been  kept  up  from  Koch's  original 
material  have  no  longer  the  original  pathogenic  power. 
They  also  gradually  change  in  biological  characters  upon 
prolonged  cultivation,  the  colonies  on  gelatin  plates  being 
much  less  glistening  and  granular. 

The  organism  most  likely  to  be  confounded  with  the 
cholera  spirillum,  and  from  which  it  must  be  differen- 
tiated by  the  methods  of  cultivation,  as  well  as  by  the 
aid  of  the  microscope,  is  the  spirillum  of  Finkler-Prior, 
otherwise  called  the  vibrio  proteus.  It  was  obtained  by 
Pinkler  and  Prior  in  1884,  from  the  f seces  of  patients  with 
cholera  nostras,  after  allowing  the  dejecta  to  stand  for 
some  days.  Subsequent  researches  have  not  sustained 
the  view  that  this  spirillum  is  the  specific  cause  of 
cholera  nostras.  Besides  this  spirillum  many  others, 
more  or  less  resembling  the  spirillum  of  cholera,  have 
been  isolated.  With  the  exception  of  the  vibrio  of  Ivan- 
ofl  (Migula),  an  organism  incidentally  isolated  from  the 
stools  of  a  patient  suffering  from  typhoid  fever,  none 
of  these  spirilla  agglutinate  with  cholera  immune  serum. 
The  colonies  of  this  vibrio,  however,  do  not  closely  re- 
semble those  of  cholera  on  gelatin  plates,  being  less 
.  granular  and  more  filamentous. 

Despite  the  numerous  controversies  on  the  subject  since 
the  first  announcement  by  Koch  that  he  considered  his 
spirillum  to  be  the  cause  of  cholera,  and  the  many  asser- 
tions to  the  contrary,  the  relationship  between  the  two  is 
to-day  admitted  by  practically  all  authorities.  The  opin- 
ion to  this  effect  is  based  upon  a  number  of  reasons,  some 
of  which  are  as  follows : 

1.  The  spirillum  of  Koch  has  never  been  found  in  any 
other  disease,  a  point  that  has  been  established  by  in- 
numerable observations. 

3.  This  spirillum  is  found  in  all  cases  of  Asiatic  cholera, 
without  exception,  provided  that  the  case  is  not  too. far 
advanced.  In  such  a  case  there  has  been  a  secondary  in- 
fection, that  has  killed  out  the  true  organism  and  masked 
its  effects.  Ever  since  the  first  announcement  of  this 
discovery  by  Koch,  observers  have  verified  his  asser- 
tions in  all  parts  of  the  world  where  cholera  has  been 
investigated. 

3.  This  spirillum  is  found  in  slight  cases  as  well  as  in 
severe.  It  is  present  in  the  beginning  of  the  attack,  and 
it  Is  located  in  the  intestine,  that  is  to  say  in  the  region 
especially  attacked  by  the  disease,  and  iu  which  occur 
the  initial  and  essential  lesions. 
_  The  attempts  to  add  to  these  arguments  the  more  de- 
cisive one  of  successful  inoculation  experiments,  were 
at  the  first  not  satisfactory  in  their  results.  Nicati  and 
Uietsch  were  the  first  to  secure  successful  results,  which 
they  obtained  by  introducing  pure  cultures  of  the  organ- 
ism into  the  duodenum  of  guinea-pigs,  in  which  animals 
they  had  previously  tied  the  ductus  choledochus.  By 
these  experiments  they  obtained  symptoms  extremely 
analogous  to  those  of  true  cholera,  and  Koch  also  suc- 
ceeded in  the  same  direction  by  passing  the  infectious 
material  (pure  cultures)  into  the  stomach  by  an  oesopha- 
geal catheter.  In  his  experiments  the  animals  had  been 
previously  narcotized  by  the  injection  of  tincture  of 
opium,  to  prevent  peristalsis,  and  their  stomachs  had 
been  made  alkaline  by  the  introduction  of  carbonate  of 
soda,  a  solution  to  make  the  contents  of  the  stomach 
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alkaline  being  necessary,  because  the  spirillum  of  Asiatic 
cholera  will  not  develop  in  an  acid  medium. 

Doyen  has  shown  that  by  introducing  alcohol  into  the 
stomach  the  alkaline  solution  and  the  tincture  of  opium 
may  be  dispensed  with.  But,  however  the  experiments 
may  be  conducted,  they  all  show  one  important  thing— 
the  great  necessity  for  a  healthy  condition  of  the  gastro- 
intestinal tract  for  the  avoidance  of  infection  with 
cholera.  Dyspeptics  and  alcoholics  have  been  shown  in 
all  epidemics  to  be  especially  fatally  attacked  by  the  dis- 
ease. It  cannot  yet  be  affirmed  that  the  absolute  proof 
of  the  production  of  cholera  by  the  specific  spirillum  has 
been  obtained,  because  the  methods  employed  in  the  ex- 
periments mentioned  above  leave  too  many  loop  holes 
open  for  the  occurrence  of  accidents,  and  yet  the  evi- 
dence is  so  nearly  complete  that  there  seems  to  be  no 
reason  for  any  doubt ;  the  more  especially  as  the  exact 
•experimental  evidence  can  probably  never  be  obtained, 
because  none  of  the  lower  animals,  so  far  as  is  known, 
are  susceptible  to  cholera  under  natural  conditions.  The 
nearest  approach  to  an  actual  experiment  upon  man  is 
the  case  of  one  of  the  members  of  one  of  the  cholera 
courses  held  in  Berlin  in.  the  winter  of  1884-85.  This 
man,  a  physician,  was  attacked  with  "cholerine,''  and 
after  some  suilering,  but  no  dangerous  symptoms,  re- 
covered, the  cholera  spirillum  being  isolated  from  the 
discharges  at  various  times  during  his  illness.  There 
seems  to  be  no  doubt  that  this  was  a  case  of  true  cholera, 
arising  from  some  carelessness  upon  the  victim's  part  in 
handling  the  cultures  with  which  he  had  to  deal  in  the 
laboratory,  for  there  were  no  cases  of  cholera  in  Berlin  at 
the  time,  nor  had  there  been  for  a  long  time  previous. 

The  famous  experiments  of  Pettenkofer  and  his  pupils 
and  similar  experiments  by  Metschnikoflf,  in  which  cult- 
ures of  cholera  spirilla  were  deliberately  swallowed,  do 
not  militate  against  the  etiological  importance  of  that 
spirillum.  These  experimenters  suffered  from  symptoms 
similar  to  those  observed  in  the  milder  forms  of  epidemic 
cholera,  and  the  dejecta  were  similar  in  character  and 
contained  the  spirilla  in  like  numbers. 

The  entrance  of  the  spirilla  is  undoubtedly  effected  by 
means  of  the  gastro-intestinal  tract,  and  there  has  not 
been  a  particle  of  evidence  from  experimental  work  to 
favor  the  theory  of  Pettenkofer  that  it  may  enter  from 
the  air  and  through  the  respiratory  organs. 

The  acidity  of  the  gastric  juice  is  extremely  unfavor- 
able to  the  growth  of  the  organism,  and  this  explains  the 
liability  of  the  persons  with  functional  or  organic  dis- 
ease of  the  stomach  to  attacks  of  the  disease,  for  in  these 
instances  the  reaction  of  the  gastric  juice  is  altered  or 
modified  so  as  to  allow  the  spirillum  to  pass  this  point 
of  danger  and  reach  the  intestine,  where  there  are  more 
favorable  conditions  for  its  development.  Diluted  hydro- 
chloric acid  (0.05  per  cent.)  is  said  to  kill  the  spirillum  in 
six  minutes.  In  the  presence  of  pepsin  0.019  per  cent, 
of  acid  suffices.  Water,  taken  on  an  empty  stomach,  ex- 
cites very  little  acid  secretion — in  fifteen  minutes  from 
0.011  to  0.03  per  cent.  These  quantities  are  entirely  too 
small  to  prevent  the  passage  of  the  organism. 

Nicati  and  Rietsch,  and  VanErmengen  determined  the 
toxicity  of  cultures  of  this  organism  when  they  had  been 
deprived  of  the  bacteria  by  filtration  or  when  the  bacteria 
had  been  killed  by  heating.  In  1885  Nicati  and  Rietsch, 
by  treating  similar  cultures  with  alcohol,  succeeded  in 
extracting  a  substance  that  killed  guinea-pigs  and  rab- 
bits, with  the  production  of  cramps  and  a  lowering  of 
temperature.  Brieger  studied  the  various  chemical  bodies 
that  appeared  in  the  cultures  of  the  cholera  spirillum; 
among  the  number  there  were  convulsivants,  methyl 
guanidin  and  a  base,  CsHsNj,  a  febricant  poison,  and 
compounds  that  produced  inflammation  and  necrosis. 
More  recently,  Brieger  and  Fraenkel  have  isolated  a  tox- 
albumin,  and  Petri  has  determined  the  presence  of  a  less 
active  substance,  toxopeptine. 

Hueppe  and  Scholl  have  perhaps  made  as  important 
researches  as  any  in  their  work  upon  cultures  that  have 
been  deprived  of  free  access  of  oxygen.  From  such  cult- 
ures they  succeeded  in  obtaining  a  peptoxin  that  in  a 


dose  of  5c.c.,  killed  guinea-pigs  in  forty  minutes,  the 
animal  presenting  paralytic  symptoms  after  ten  minutes 
and  convulsions  after  a  quarter  of  an  hour.  This  is  a 
more  active  poison  than  was  obtained  before  and  was  got 
in  larger  quantities ;  an  egg  after  inoculation  with  a  pure 
culture  produced  at  the  end  of  eighteen  days  enough  to 
cause  the  death  of  ten  guinea-pigs.  The  importance  of 
this  is  seen  when  it  is  remembered  that  the  spirilla  are 
deprived  of  the  access  of  oxygen  when  they  are  develop- 
ing in  the  human  intestine,  and  according  to  these  experi- 
ments are  therefore  under  the  most  favorable  conditions 
for  the  development  of  this  particular  toxin. 

Numerous  experiments  have  shown  that  fluid  artificial 
media  do  not  usually  become  veiy  toxic  when  cholera 
spirilla  are  grown  in  them.  If  they  be  filtered  before  the 
vibrios  have  died  oflf  to  any  considerable  extent  the  filtrate 
is  not  highly  toxic,  while  the  residue,  consisting  largely 
of  the  bacteria  themselves,  is  toxic  in  very  much  greater 
degree,  even  if  heated  sufficiently  to  kill  the  bacteria. 
That  diffusible  toxins  may  be  produced  in  the  animal 
body  was  shown  by  Metschnikofl,  Roux,  and  Taurelli, 
who  sealed  cultures  of  cholera  in  coUodium  capsules 
which  were  introduced  into  the  peritoneal  cavities  of 
animals  with  fatal  results.  The  chemical  nature  of  these 
various  toxic  substances  is  unknown. 

A  temperature  of  from  30°  to  40°  C.  is  the  most  favor- 
able for  the  development  of  the  cholera  spirillum,  but  it 
will  grow  slowly  at  a  temperature  as  low  as  17°  C.  It 
ceases  to  grow  at  a  temperature  lower  than  this,  but  its 
vitality  is  not  destroyed,  and  it  grows  well  when  the 
temperature  is  again  raised;  at  —10°  C.  its  vitality  has 
been  retained,  but,  on  the  other  hand,  heating  to  a  tem- 
perature as  low  as  56°  or  60°  C.  is  sufficient  to  destroy  its 
vitality  in  a  short  time. 

Inasmuch  as  no  true  spore  formation  has  been  seen  to 
occur  in  the  development  of  this  organism,  it  is  not  sur- 
prising that  drying  was  shown,  first  by  Koch,  to  destroy 
its  vitality  in  a  very  short  time — less  than  twenty-four 
hours.  But  conclusions  drawn  from  his  experiments 
may  be  misleading,  for  while  this  destruction  of  vitality 
by  drying  does  occur  in  a  very  short  time  in  the  caie  of 
thin  layers,  it  does  not  take  place  under  less  favorable 
conditions.  This  was  shown  by  Kitasato,  and  by  Berk- 
holtz,  who  saw  the  vitality  retained,  the  one  for  thirteen 
days  and  the  other  for  thiity-eight,  in  experiments  in 
which  silk  threads  were  used  for  holding  the  organism 
during  their  subjection  to  desiccation.  It  should  be  said, 
however,  tliat  these  experiments  were  conducted  in  a 
desiccator,  which  did  not  permit  the  free  access  of  oxy- 
gen to  the  bacteria,  and  it  is  undoubtedly  the  case  that 
this  agent  is  as  important  as  any  in  the  production  of  the 
result  that  it  was  desired  to  obtain.  On  the  other  hand, 
desiccation  was  probably  more  complete  than  would  usu- 
ally be  the  case  under  more  natural  conditions. 

■The  organism  has  been  found  in  ordinary  drinking- 
water  by  Koch  in  one  of  the  tanks  in  India,  in  the  neigh- 
borhood of  which  an  epidemic  of  cholera  had  broken 
out.  It  does  not  live  long  in  distilled  water,  however, 
as  shown  by  Meade  Bolton,  Wolfhilgel  and  Riedel,  and 
others.  Strauss  and  Dubarry  found  that  it  lived  for 
fourteen  days  in  one  case,  and  Kraus,  for  two  days  only. 
Other  observers  have  not  seen  it  retain  its  vitality  for 
anything  like  so  long  a  time.  In  ordinary  sterilized 
water  it  lives  longer,  according  to  the  experiments  of 
Wolfhilgel  and  Riedel,  as  well  as  Pfeififer,  who  found 
that  it  existed  for  seven,  nine,  and  twelve  months,  while 
Hochstetter  lengthened  this  time  to  three  hundred  and 
ninety -two  days.  And  more  recently  viability  has  been 
observed  after  nearly  two  and  a  half  years.  Its  vitality 
appears  to  be  shorter  again  in  non-sterilized  water. 
Strauss  and  Dubarry  found  it  to  be  thirty  days  in  one 
specimen,  and  thirty -nine  in  another;  while  a  mixture  of 
other  bacteria  shortens  the  time  still  more.  This  latter 
point  is  one  of  great  importance  and  has  been  studied  by 
many  experimenters.  Koch  determined  that  the  organ- 
isms ceased  to  live  in  ordinary  drinking-water  at  the  end 
of  six  or  seven  days,  and  that  after  twenty-four  hours' 
contact  with  sewer  water  they  appeared  to  be  dead; 
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while  Schiller,  on  the  other  hand,  found  tliat  they  re- 
tained their  vitality  in  the  same  medium  for  fourteen 
days.  Petri,  in  an  effort  to  And  out  how  long  they  lived 
in  the  intestine  after  burial,  was  able  to  demonstrate 
them  in  cultures  at  the  end  of  nineteen  days.  Certain 
foods  may  be  of  great  importance  in  transmitting  the 
organism,  as  in  the  case  of  milk,  in  which  it  grows  with 
great  energy  and  without  producing  the  least  visible 
alteration ;  it  has  been  shown  that  it  will  live  for  at  least 
four  days  in  milk  and  forty -eight  in  butter. 

Most  of  these  experiments  were  conducted  with  the 
idea  that  this  organism  is  an  aerobic  one,  but  Hueppe 
has  shown  that  it  is  also  anaerobic,  and  that  grown 
under  these  conditions  the  spirillum  is  possessed  of  a 
greater  virulence,  but  it  is  also  easier  of  destruction.  As 
suggested  by  Proust,  this  may  explain  the  comparative 
rarity  of  immediate  infection.  The  bacterium  coming 
from  the  intestine  as  an  anaerobic  organism  is  possessed 
of  feeble  resisting  powers  and  is  therefore  easily  de- 
stroyed, and  it  is  only  after  it  has  taken  on  the  conditions 
of  aerobic  growth  that  are  furnished  it  in  the  medium  in 
which  it  develops  outside  of  the  body  that  it  finds  itself 
possessed  of  the  power  of  resistance  sufficient  to  enable 
it  again  to  enter  the  human  body.  Such  observations  are 
of  especial  interest  in  connection  with  the  theory  ot  Pet- 
tenkofer  (yiide  supra),  as  seeming  to  show  that  his  idea  of 
the  influence  of- locality  is  exact,  in  so  far  as  this  in- 
fluence is  exerted  in  changing  the  anaerobic  to  aerobic 
conditions  of  growth  and  effecting  an  adaptation  of  the 
organism  to  this  change. 

According  to  Koch,  solutions  of  1  in  400  of  carbolic 
acid,  1  in  3,500  of  sulphate  of  copper,  and  1  in  10,000  of 
corrosive  sublimate  are  sufficient  for  the  arrest  of  the  de- 
velopment of  the  spirillum  of  Asiatic  cholera.  Esmarch 
and  Eisenberg  show  that  creolin  will  destroy  it  more 
quickly  than  carbolic  acid  in  solutions  of  the  strength 
of  from  1  in  1,000,  or  1  in  3,000.  Liborius,  Kitasato,  and 
Pfuhl  have  shown  the  active  effect  of  freshly  prepared 
milk  of  lime,  while  Hueppe  and  Loewenthal  convinced 
themselves  of  the  important  prophylactic  and  therapeutic 
value  of  salol  in  the  management  of  cholera. ' 

Treatment.— /raocttteJjore  Against  Cholera. — The  first 
efforts  to  confer  active  or  passive  immunity  to  cholera  in 
the  human  subject  were  made  by  Perran,  a  Spanish 
physician  (Report  to  the  Academy  in  Barcelona,  July 
16th,  1884),  who  attempted  to  immunize  more  than 
twenty -five  thousand  people  during  1885,  when  cholera 
was  epidemic  in  Spain.  His  method  consisted  in  the 
subcutaneous  injection  of  increasing  amounts  of  viru- 
lent cultures  of  the  cholera  vibrio,  five  or  six  days  being 
allowed  to  elapse  between  successive  injections.  Three 
such  injections  were  regarded  by  him  as  fully  protective 
agamst  the  disease.  He  also  employed  injections  of 
blood  from  those  who  had  recovered  from  cholera  to  pro- 
tect others  from  attacks  of  the  malady.  His  enthusiastic 
claims  for  the  eflBciency  of  these  prophylactic  measures 
were  discredited  by  other  observers,  and  there  appears 
to  be  no  doubt  that  his  methods  were  faulty.  The 
punty  of  his  cultures  is  open  to  question  and  his  claims 
were  exaggerated.  But  his  conceptions  were  the  same 
as  those  which  subsequently  led  to  more  careful  and 
promising  work  in  this  direction,  and  the  credit  of  prior- 
ity belongs  to  him.  ^ 

Since  these  eariy  attempts  of  Perran,  which  were  based 
upon  studies  of  the  immunization  of  guinea-pigs  at  a  time 
when  proper  methods  had  not  been  elaborated,  numerous 
investigators  have  experimented  on  animals  in  this  direc- 
tion and  have  obUined  results  which  throw  considerable 
light  on  the  character  of  the  immunity  that  can  be  con- 
ferred upon  animals,  and  presumably  upon  man 

One  of  the  difficulties  encountered  in  this  work  is  due 
to  the  fact  that  the  lower  animals  do  not  respond  to 
cholera  infections  so  as  to  present  a  well-defined  disease 
comparable  to  human  cholera.  Patal  results  may  follow 
intravenous,  subcutaneous,  or  intraperitoneal  inoculations 
with  cholera  cultures,  and  also  after  the  introduction  of 
cultures  into  the  stomach.  But  special  preparation  of  the 
animals  for  this  last  mode  of  inoculation  is  usually  nec- 
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essary.  The  procedure  for  this  purpose,  devised  by 
Koch  for  guinea-pigs,  was  the  neutralization  of  the 
stomach  contents  with  sodium  carbonate,  and  the  check- 
ing of  intestinal  peristalsis  with  a  subcutaneous  injection 
of  tincture  of  opium.  If,  after  this  preparation,  the  ani- 
mals receive  cultures  of  the  cholera  vibrio,  introduced 
through  a  stomach  tube,  they  develop  symptoms  which 
bear  some  resemblance  to  the  algid  stage  of  cholera. 
The  temperature  falls,  the  skin  becomes  cyanotic,  and 
great  muscular  weakness  is  manifested  by  inability  to 
walk  or  stand.  Occasional  muscular  spasms  are  fre- 
quently observed  and  the  animals  die  after  several  hours. 
These  symptoms  do  not  develop  immediately  after  the 
inoculation,  and  there  is  evidently  a  very  considerable 
multiplication  of  the  vibrios  in  the  intestine.  At  autopsy 
the  serous  coat  of  the  intestine  is  injected,  the  intestinal 
wall  is  swollen,  and  a  serous  fluid  containing  desqua- 
mated epithelium  fills  the  bowel.  There  are  usually  no 
evacuations,  though  occasionally  a  thin  serous  fluid  es- 
capes from  the  anus. 

While  these  manifestations  bear  some  resemblance  to 
the  algid  stage  of  human  cholera,  the  results  of  such  in- 
oculations cannot  be  regarded  as  satisfactory  reproduc- 
tions of  this  disease.  In  1893  Metschnikoff  published 
observations  showing  that  young,  suckling  rabbits  might 
be  inoculated  with  minute  quantities  of  cholera  vibrios 
placed  in  the  mouth,  and  that  they  then  developed  a 
fatal  disease  more  closely  resembling  human  cholera  than 
that  obtained  in  guinea-pigs  by  Koch.  This  was  subse- 
quently shown  to  be  the  case  when  very  young  kittens 
or  puppies  were  employed.  We  shall  have  occasion  to 
refer  to  these  experiments  again. 

Experiments  with  a  view  of  determining  the  possibili- 
ties of  immunizing  against  cholera  have  been  very  nu- 
merous. Most  of  the  observations  have  been  made  on 
guinea-pigs,  though  other  animals  have  also  been  em- 
ployed. It  has  not  been  difficult  to  attain  positive  results 
in  many  different  ways.  Intraperitoneal,  subcutaneous, 
or  even  intravenous  inoculations  with  non-lethal  amounts 
of  living  cultures  of  cholera  vibrios  is  followed  within  a 
few  days  by  a  species  of  immunity  manifested  by  bac- 
tericidal or  bacteriolytic  properties  of  the  serum  of  the 
animal.  Such  animals  will  then  survive  inoculations 
with  virulent  cultures  in  amounts  which  considerably 
exceed  those  regularly  fatal  to  normal  animals.  Similar 
results  may  be  obtained  by  the  use  of  dead  cultures, 
whether  the  vibrios  have  been  killed  by  heat  or  by  the 
addition  of  germicides.  Such  animals  also  are  immune 
against  inoculation  with  virulent  cultures  in  considerable 
amount.  This  immunity,  whether  caused  by  living  or  by 
dead  cultures,  protects  the  animals  against  inoculations 
into  the  blood,  peritoneum,  or  beneath  the  skin ;  but  ap- 
pears to  have  little  if  any  effect  upon  the  course  of  the 
disease  when  cultures  are  introduced  into  the  mouth  or 
stomach.  This  fact  was  strikingly  manifest  in  experi- 
ments in  very  young  animals,  which,  as  stated  above, 
readily  acquire  a  form  of  cholera  when  very  small 
amounts  of  cultures  are  introduced  into  the  mouth. 
Moreover,  very  large  amounts  of  cholera  cultures  intro- 
duced into  the  blood  or  peritoneal  cavity  cause  death  in 
immunized  animals  in  spite  of  their  protection  against 
moderate  lethal  doses.  Large  doses  of  dead  cultures 
also  cause  death.  A  fact  worthy  of  note  is  that  filtered 
recent  cultures  of  the  cholera  vibrio  are  neither  very 
toxic  nor  useful  for  immunization. 

The  results  of  the  experiments  mentioned  above  lead  to 
the  inference  that  the  introduction  into  the  body  of  non- 
lethal  quantities  of  the  vibrio  calls  forth  the  production 
of  anti-bodies  that  are  destructive  to  the  vibrio  if  they 
are  brought  into  contact  with  it,  but  that  they  are  not 
capable  of  neutralizing  toxic  substances  that  appear  to 
be  closely  associated  with  the  bodies  of  these  micro- 
organisms if  not  actually  a  part  of  their  structure.  The 
immunity  obtained  is  due  to  bacteriolysis  and  not  to 
antitoxins.  We  may,  therefore,  fatally  poison  an  immune 
animal  with  cholera  cultures  though  it  be  capable  of 
destroying  a  limited  number  of  cholera  vibrios  which  are 
brought  into  its  tissue  fluids. 
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It  has  been  showu  that  the  blood  and  serum  from  pa- 
tients who  have  recovered  from  attacks  of  cholera  also 
contain  these  or  similar  bacteriolytic  substances,  but 
there  appears  to  be  no  antitoxic  substance  in  these  fluids. 

These  bacteriolytic  anti-bodies  do  not  exist  to  an  appre- 
ciable extent  in  the  blood  of  convalescents  immediately 
upon  recovery,  but  are  distinctly  active  about  three 
weeks  after  the  attack,  then  gradually  accumulate  or 
increase  in  potency  until  a  maximal  efficiency  is  reached 
between  the  fourth  and  sixth  weeks.  At  this  time  0.01 
c.c.  of  the  blood  may  be  enough  to  protect  a  guinea-pig 
from  the  effects  of  an  otherwise  fatal  intraperitoneal  in- 
fection with  cholera.  After  the  sixth  week  the  bacterio-" 
lytic  value  of  the  blood  gradually  declines  and  is  lost 
after  about  three  months. 

To  emphasize  still  further  the  character  of  this  im- 
munity, experiments  may  be  cited  which  show  that  ani- 
mals which  have  been  inoculated  with  cholera  vibrios  in 
amounts  ordinarily  sufficient  to  kill,  may  be  saved  if  they 
receive  injections  of  serum  from  immunized  animals 
within  from  one-half  to  two  hours  after  the  inoculation, 
before  symptoms  referable  to  intoxication  have  developed. 
When  these  symptoms  have  declared  themselves  the 
treatment  is  without  avail,  i.e.,  if  the  disease  can  be 
checked  by  destroying  the  vibrios  already  in  the  system, 
the  immune  serum  will  protect ;  but  if  there  is  already  in 
the  body  a  dose  of  toxic  substances  sufficient  to  kill,  the 
iminune  serum  is  powerless  to  neutralize  them.  These 
toxic  substances  appear  to  be  present  in  lethal  quantities 
in  the  majority  of  cases,  as  soon  as  symptoms  of  disease 
become  manifest. 

A  question  of  great  practical  importance  is  whether 
these  protective,  bacteriolytic  anti-bodies  which  are  pres- 
ent in  the  blood  and  lymph  can  pass  into  the  digestive 
tract  and  act  upon  cholera  vibrios  present  in  the  intes- 
tinal contents.  Experiments  upon  animals,  already 
cited,  appear  to  answer  this  question  in  the  negative,  but 
it  is  doubtful  whether  these  results  can  be  directly  applied 
to  man.  If  Ferran's  claims  are  justified  by  the  facts, 
such  direct  application  of  animal  experiments  cannot  be 
made ;  for  an  active  immunity  caused  by  subcutaneous 
injections  of  cholera  vibrios  would  appear  to  protect 
against  infection  by  way  of  the  mouth  in  human  sub- 
jects, though  they  failed  to  do  so  in  animals.  It  was  the 
belief  that  such  was  the  case  that  induced  HafEkine  to 
undertake  the  immunization  against  cholera  by  a  method 
essentially  similar  in  principle  to  that  employed  by  Perran, 
but  safeguarded  by  a  more  highly  developed  technique. 

HafiEkine  experimented  with  his  method  of  immuniza- 
tion in  India,  aided  by  the  Government,  and  between 
1893  and  1895  had  subjected  about  forty  thousand  people 
to  his  prophylactic  treatment.  This  consisted  in  the  sub- 
cutaneous injection  of  living  cultures  of  the  cholera 
spirillum  of  definite  and  known  virulence.  The  first  in- 
jection was  made  with  a  culture  of  moderate  virulence, 
attenuated  by  long  artificial  cultivation  and  taken  by 
him  to  India  from  the  European  laboratories. 

These  injections  were  made  only  after  a  microscopical 
examination  of  a  stained  smear  had  failed  to  reveal  con- 
tamination of  the  culture  and  revealed  well-formed,  ap- 
parently normal  cholera  vibrios.  The  injections  were 
made  under  strictly  aseptic  conditions.  During  the  first 
two  hours  after  the  injection  there  were  no  appreciable 
effects  either  locally  or  constitutionally.  Between  the 
third  and  twelfth  hours  there  was  a  gradually  developing 
tenderness  at  the  point  of  inoculation  with  general  malaise 
and  fever.  In  normal  cases  the  fever  reached  101°  P., 
but  would  sometimes  reach  104°  when  the  susceptibility 
of  the  patient  was  great.  The  amount  of  culture  in- 
jected depended  upon  the  age  of  the  patient ;  for  an  adult 
man  the  amount  being  about  1  c.c.  From  the  twelfth  to 
the  thirty-sixth  hour  after  the  inoculation  the  general 
symptoms  gradually  but  completely  vanished  and  a  pain- 
ful induration  at  the  point  of  inoculation  developed.  This 
also  subsided  in  the  course  of  a  few  days.  No  digestive 
disturbance  was  occasioned  by  the  inoculation,  and  no 
change  of  diet  or  occupation  was  necessary. 

The  second  inoculation  was  made  about  five  days  after 


the  first.  For  this  purpose  a  highly  virulent  culture, 
kept  active  by  passage  through  susceptible  animals,  was 
employed,  the  dosage  being  determined  by  the  reaction 
obtained  after  the  first  injection.  The  effects  of  this  in- 
oculation were  essentially  the  same  as  those  obtained 
after  the  first,  but  were  usually  less  pronounced.  The 
immunizing  action  was  believed  to  be  complete  six  days 
after  the  first  inoculation.  Up  to  1896  over  one  hundred 
thousand  people  are  said  to  have  received  this  treatment. 

The  results  of  this  treatment,  which  was  purely  pre- 
ventive, not  curative,  are  reported  as  being  very  promis- 
ing. Several  of  those  so  treated  contracted  cholera 
shortly  after  the  first  injection,  showing  that  its  protec- 
tive action  was  not  immediate.  Haflkine  believed  that 
the  full  protective  action  was  attained  in  about  twenty 
days.  Comparative  statistics,  when  of  a  given  group 
about  half  were  inoculated,  were  greatly  in  favor  of  the 
value  of  the  method.  The  protection  was  not  lasting, 
however,  and  seems  to  have  gradually  passed  away, 
some  twelve  months  being  the  probable  limit  of  its  effi- 
ciency. The  protection  is  not  absolute,  and  the  mortality 
among  those  who  have  been  inoculated  and  yet  acquired 
the  disease  is  but  slightly  less  than  among  the  uninocu- 
lated.  About  one-nineteenth  as  many  cases  occurred 
among  the  inoculated  and  about  one-seventeenth  as  many 
deaths.  Of  late  years  this  method  appears  to  have  fallen 
into  xlisuse.  This  is  not  surprising  when  the  difficulty 
of  inoculating  a  whole  population,  the  evanescent  char- 
acter of  the  protection,  and  the  uncertainty  of  its  absolute 
value  are  considered. 

Upon  theoretical  grounds,  as  already  stated,  but  little 
can  be  expected  from  a  bacteriolytic  serum  injected  be- 
neath the  skin  in  human  cholera;  for  the  vibrios  are  situ- 
ated in  the  intestinal  contents  and  the  crypts  of  the  intes- 
tinal mucosa.  *  To  be  effective  the  protective  constituents 
of  the  serum  must  come  in  contact  with  the  bacteria  they 
are  to  destroy.  It  appears  doubtful  whether  these  ele- 
ments enter  the  intestinal  lumen  when  present  in  the 
blood.  A  serum  which  had  antitoxic  properties  should 
be  much  more  efficient.  Pfeiffer  has  shown  that  the  most 
active  toxic  substances  produced  by  the  cholera  vibrio 
are  intimately  connected  with  the  bodies  of  the  organ- 
isms when  the  latter  are  grown  in  artificial  media.  In 
1896  Metschnikoff,  Roux,  and  Taurelli-Salimbeni  made 
experiments  with  a  view  of  demonstrating  that  soluble 
toxins  might  be  obtained  from  the  cholera  vibrio  as  a 
species  of  secretion.  They  obtained  a  highly  poisonous 
toxin,  not  destroyed  by  boiling,  of  which  one-fourth  of 
a  cubic  centimetre  killed  a  guinea-pig  weighing  300  gm. 
in  eighteen  hours.  They  also  showed  that  it  was  possible 
to  obtain  an  antitoxic  serum  by  immunizing  animals  with 
this  toxin.  But  this  serum  failed  to  cure  young  animals 
infected  by  the  mouth  with  cholera  vibrios.  As  yet, 
therefore,  there  is  no  known  serum  therapy  for  cholera. 

In  the  absence  of  a  specific  antitoxic  or  other  remedy 
for  cholera,  recourse  must  be  had  to  measures  directed 
against  morbid  conditions  as  they  arise. 

A  very  great  number  of  remedies  have  been  employed 
with  a  view  of  destroying  the  cholera  spirilla  in  the  in- 
testinal tract,  or,  at  least,  of  inhibiting  their  multiplica- 
tion. Among  these  remedies  are:  chlorine  water,  mer- 
curic salts,  salts  of  copper,  iodine,  iodoform,  creosote, 
creolin,  cresol,  resorcin,  thymol,  pyoktanin,  benzoic 
acid,  salicylic  acid  and  its  salts,  salol,  tribromsalol,  tri- 
bromphenol,  bismuth,  benzoyl-acetyl  peroxide,  etc.  It 
cannot  be  said  that  the  clinical  evidence  in  favor  of  any 
of  these  remedies  is  strong,  and  upon  theoretical  grounds 
their  utiUty  is  very  doubtful  since  the  great  dilution  they 
suffer  in  the  intestinal  tract  must  render  them  almost  in- 
ert. The  same  appears  true  ot  the  proposed  treatment 
with  mineral  acids  in  eight-  to  ten-drop  doses,  diluted 
with  water. 

We  have  already  seen  that  during  epidemics  of  cholera 
mild  cases  of  this  disease  are  of  not  infrequent  occur- 
rence.    These  cases  are  indistinguishable  in  many  in- 

*Tlie  efficacy  of  the  bacteriolytic  serum  when  administered  by 
mouth  or  in  enemata  does  not  appear  to  have  been  tested.  It  would 
be  worthy  of  trial. 
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stances  from  attacks  of  simple  diarrhoea  due  to  mtestinal 
irritation  or  indigestion,  though  frequently  unaccom- 
panied by  pain.  The  only  safe  rule  at  such  times  is  to 
regard  all  cases  of  diarrhoea  as  choleraic  and  as  the  pos- 
sible beginning  of  a  serious  attack.  The  patient  must  be 
put  to  bed  and  isolated.  The  dejecta  should  be  regarded 
as  likely  to  contain  the  cholera  spirilla,  and  carefully 
disinfected  before  being  disposed  of.  A  warm  bath, 
-with  warm  compresses  on  the  abdomen,  has  been  recom- 
mended. The  diet  should  be  restricted  to  fluids,  pre- 
viously boiled.  Thirst  may  be  relieved  with  boiled  or 
■carbonated  (not  alkaline)  water.  There  are  differences 
•of  opinion  regarding  the  measures  appropriate  to  the 
treatment  of  the  diarrhoea.  The  usual  practice  is  to 
employ  some  preparation  of  opium  to  check  the  dis- 
charges. The  tincture  given  in  small,  frequently  re- 
peated doses  has  given  good  results.  As  it  is  important 
to  allay  all  intestinal  irritation  it  must  be  a  matter  of 
judgment  in  each  individual  case  whether  it  be  wiser  to 
«ndeavor  at  once  to  check  the  diarrhoea  or  whether  a 
freer  evacuation  of  the  bowels  to  discharge  any  irritating 
•contents  should  be  attempted.  For  the  latter  purpose 
•calomel  in  repeated  moderate  doses,  given  until  the  stools 
become  greenish,  has  a  good  reputation.  Castor  oil, 
•emulsified  with  mucilage  of  acacia,  peppermint  water, 
and  syrup,  has  also  been  employed.  It  is  thought  that 
calomel  is  partially  converted  into  mercuric  chloride  in 
the  intestine,  and  that  it  thus  exerts  some  antiseptic 
action ;  but  to  what  extent  this  is  true  is  not  known.  As 
an  antiseptic  sodium  sulphocarbolate,  in  fifteen-  to 
twenty-grain  doses  for  children  and  thirty-grain  doses 
for  adults,  repeated  every  three  or  four  hours,  has  been 
used  with  asserted  beneficial  effects.  To  check  the  diar- 
rhoea, besides  opium,  astringents  have  been  used  and 
recommended,  and  to  relieve  pain  the  compound  tincture 
•of  camphor  has  been  employed.  The  prevalent  opinion, 
iowever,  is  that  opium  fulfils  the  requirements  better 
than  other  drugs,  and  that  rest,  warmth,  and  an  appro- 
priate diet  are  of  the  utmost  importance.  Tea  and  mode- 
rate stimulation  with  brandy  may  be  used  according  to 
the  indications. 

Should  the  symptoms  persist  and  vomiting  set  in  not- 
withstanding the  treatment  indicated  above,  the  copious 
•eneraata  of  tannic  acid,  recommended  by  Cantani,  may 
be  resorted  to. 

Long  before  the  epidemic  of  1866  Dr.  Murray,  in  In- 
•dla,  had  recommended  the  half-hourly  injection  of  a  pint 
•of  a  weak  solution  of  common  salt  and  carbonate  of  so- 
•dium  into  the  rectum  at  a  temperature  of  120°  F.,  and  is 
flaid  to  have  obtained  very  striking  results.  Similar 
means  were  employed  by  Sansom  (The  Practitioner, 
November,  1892),  in  1866.  Cantani  advises  the  addition 
■of  tannin  to  the  hot  water.  From  eighty  to  three  hun- 
■dred  and  twenty  grains  are  dissolved  in  three  pints  or  a 
■quart  of  water  or  chamomile  infusion  at  a  temperature  of 
102°  to  105°  F.,  and  twenty  drops  of  laudanum  and  an 
■ounce  or  an  ounce  and  a  half  of  gum  acacia  are  added. 
Instead  of  tannin,  thymol  in  solution  of  hot  water  (1  in 
1,000)  has  been  recommended  by  other  authorities.  In 
the  recommendations  of  the  Royal  College  of  Physicians 
<1892),  benzoate  of  sodium,  two  drachms  to  a  quart  of 
water,  has  been  suggested  as  an  alternative  to  the  tannic 
acid.  In  every  case  the  injection  should  be  made  with 
much  gentleness.  The  best  position  of  the  patient  is 
that  on  the  back  with  the  hips  well  raised  and  the  legs 
well  drawn  up  as  for  lithotomy.  The  reservoir  douche 
•enema  should  be  used  and  not  the  ordinary  pump. 
There  is  much  room  for  doubt  as  to  whether  the  addition 
•of  any  medicament  to  the  hot  water  is  of  any  special 
value,  the  favorable  results  being  due  probably  to  the 
•clearing  away  of  Irritant  and  offensive  debrit,  to  the  ab- 
sorption of  fluid  from  the  intestinal  surface,  and  to  the 
relaxation  of  the  arterial  spasm  by  the  hot  and  moist 
application ;  but  up  to  the  present  time  the  use  of  tannic 
acid  persists  and  is  recommended.  If  more  than  two 
quarts  are  injected,  a  weaker  solution  should  be  era- 
ployed.  These  enemata  may  be  repeated  several  times 
in  twenty-four  hours.     As  shown  by  Cantani,  the  hot 
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saline  solution  may  pass  through  the  ileo-caecal  valve 
into  the  small  intestine. 

If  signs  of  improvement  do  not  soon  follow  the  proce- 
dure described  above,  and  the  algid  toge  of  the  disease 
supervenes,  recourse  should  be  had  to  the  second  method, 
of  introducing  fluid  recommended  by  Cantani  and  called 
by  him  "  hypodermoclysis, "  and  consisting  In  the  injec- 
tion of  a  hot  saline  solution  into  the  subcutaneous  tissue. 
About  one  drachm  of  common  salt  is  dissolved  in  a  quart 
of  distilled  water  at  a  temperature  of  100°  to  105°  F. 
The  apparatus  for  this  should  consist  of  a  glass  funnel 
with  a  long  rubber  tube  attached  to  a  hypodermic  needle 
of  fairly  large  calibre.  The  needle  is  introduced  in  the 
gluteal.  Interscapular,  lumbar,  or  iliocostal  region,  the 
funnel  being  held  at  about  the  level  of  the  patient,  and 
the  needle  pushed  so  far  in  that  it  may  be  moved  freely 
in  the  subcutaneous  tissue.  The  reservoir  is  then  ele- 
vated slowly  so  that  the  fluid  runs  into  the  tissue  by  the 
force  of  gravity  and  its  distribution  is  aided  by  the  man- 
ipulation of  the  fingers.  When  about  half  of  the  fluid 
has  been  introduced  the  needle  is  removed  and  the  re- 
mainder is  injected  in  another  place.  The  method  seems 
to  be  rational  and  is  supported  by  strong  evidence  by 
Cantani,  who  has  made  extensive  use  of  it.  It  was  also 
extensively  employed  in  the  Hamburg  epidemic.  It  is 
easier  of  application  than  the  older  method  of  intravenous 
injection  that  has  been  employed  for  many  years,  and 
it  seems  to  be  attended  with  better  permanent  results. 
Either  or  both  of  these  methods  must  be  employed  earlier 
than  is  usually  the  case,  and  before  the  actual  symptoms 
of  death  have  made  their  appearance ;  to  wait  too  long  is 
to  throw  away  all  chances  of  success.  The  amelioration 
of  the  symptoms  is  usually  very  striking  and  prompt, 
due  to  the  introduction  of  fluid  and  warmth ;  but  improve- 
ment is  frequently  of  short  duration.  The  procedure  may 
be  repeated  if  the  indications  for  it  return ;  but  experi- 
ence has  led  to  the  belief  that  three  or  four  injections  of 
a  quart  or  more  are  all  that  are  likely  to  be  beneficial. 

Rest  and  quiet  being  of  the  greatest  importance,  owing 
to  the  exhausting  nature  of  the  disease,  it  must  be  a  mat- 
ter of  judgment  to  what  extent  active  measures  to  combat 
the  conditions  as  they  arise  are  wise.  The  patient  should 
be  kept  as  quiet  as  is  compatible  with  proper  care. 

During  collapse  the  condition  of  the  circulation  excites 
most  solicitude.  When  the  pulse  at  the  wrist  is  lost  and 
cyanosis  appears,  the-nrost  efficient  remedy  is  the  injec- 
tion of  fluid  either  intravenously  or  beneath  the  skin,  as 
already  described.  Where  the  loss  of  fluid  is  less  pro- 
nounced, careful  stimulation  with  cold  champagne  or 
brandy  and  water  may  be  tolerated  by  the  stomach. 
Subcutaneous  injections  of  ether  or  nitrogl3'cerin,  if  used 
with  care  and  not  contraindicated  by  the  condition  of  the 
patient,  may  give  good  results.  Inhalations  of  small 
doses  of  amyl  nitrite  may  also  prove  beneficial.  In  the 
early  stages  of  the  disease  opium  may  be  used  to  relieve 
pain,  for  it  also  tends  to  check  the  diarrhoea.  But  in  the 
later  stages,  when  there  is  danger  of  collapse,  this  drug 
should  be  avoided.  Pain  must  then  be  relieved  by  other 
means,  such  as  hot  applications,  moderate  counter-irrita- 
tion, inhalations  of  chloroform,  or  subcutaneous  injec- 
tions of  camphor  rubbed  up  with  olive  oil  in  the  propor- 
tion of  one  part  of  camphor  to  nine  parts  of  oil  sterilized 
by  heat.  Gentle  massage  may  give  relief  from  pain,  but 
is  likely  to  disturb  the  patient  more  than  is  wise. 

Thirst  can  best  be  relieved  by  ice  held  in  the  mouth, 
cold  carbonated  water,  or  nourishing  fluids  given  in 
small  amounts  and  at  frequent  intervals. 

To  prevent  loss  of  heat,  the  patient  should  be  kept  in 
a  warm  room,  the  skin  should  be  kept  as  dry  as  possible 
without  disturbing  the  patient,  and  he  should  have  dry 
heat  applied  by  means  of  hot-water  bottles  or  warm 
bricks;  or  the  temperature  may  be  maintained  by  hot 
compresses. 

After  recovery  from  the  severe  stage  of  the  disease  the 
treatment  must  follow  the  indications  as  they  arise. 
Particular  attention  must  be  given  to  the  diet,  relapses 
being  frequently  traceable  to  neglect  in  this  direction. 

Prophylaxis. — Two    principles  govern  the    measures 
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Tvhich  should  be  taken  to  avoid  cholera.  The  first  looks 
to  the  exclusion  of  living  cholera  spirilla  from  the  gastro- 
intestinal tract;  the  second  refers  to  preserving  any 
natural  resistance,  particularly  on  the  part  of  the  intes- 
tine, to  injury  due  to  the  presence  of  that  organism  in 
the  intestinal  contents.  It  is  believed  tliat  the  toxins 
produced  by  the  cholera  spirillum  are  not  absorbed 
through  intact  intestinal  epithelium,  but  gain  entrace  to 
the  circulation  only  after  the  epithelium  has  become 
damaged,  necrosed,  or  desquamated.  Therefore  all  diet- 
ary Indiscretions  vjrhich  might  cause  intestinal  irritation 
are  to  be  avoided.  Over-fatigue  and  exposure  to  cold 
are  to  be  carefully  guarded  against.  But  it  appears  wise 
not  suddenly  to  change  the  ordinary  mode  of  life,  but 
simply  to  follovir  the  usual  habits  in  a  temperate  manner. 
The  free  use  of  alcohol  appears  to  be  extremely  danger- 
ous. Those  addicted  to  its  use  are  particularly  suscep- 
tible, and  when  attacked  by  the  disease  the  prognosis  is 
bad  in  people  of  intemperate  habits.  Care  in  the  charac- 
ter of  the  food  is  important.  All  articles  which  might 
carry  infection  should  be  avoided  entirely,  or  partaken 
of  only  after  being  cooked.  This  is  especially  the  case 
with  water  and  milk,  which  should  be  heated  to  the  boil- 
ing point.  Prolonged  boiling  is  not  necessary,  but  to 
insure  the  death  of  the  spirillum  it  is  safest  actually  to 
boil  liquid  articles  of  food.  It  has  been  recommended  to 
take  acid  drinks,  such  as  very  weak  hydrochloric  acid,  as 
a  prophylactic  measure,  but  it  seems  doubtful  whether 
this  is  a  wise  measure,  in  view  of  the  danger  to  the  diges- 
tion if  sufficient  acid  be  taken  to  act  as  an  effective  agent 
in  killing  the  spirillum.  Particular  care  should  be  exer- 
cised against  infection  by  those  attending  cases  of 
cholera.  They  should  disinfect  the  hands  immediately 
after  they  have  come  in  contact  with  the  dejecta  or  vomi- 
tus  from  the  patient.  A  two-  or  three-per-cent.  solution 
of  carbolic  acid,  1  in  1,000  solution  of  mercuric  chloride, 
or  a  solution  of  "  chloride  of  lime  "  may  be  used  for  this 
purpose.  It  is  possible  that  peroxide  of  hydrogen  might 
ind  useful  application  for  this  purpose  and  in  cleansing 
the  patient,  particularly  for  rinsing  the  mouth ;  its  free- 
dom from  toxic  properties  and  odor  and  its  acid  reaction 
particularly  commending  it. 

The  public  measures  for  preventing  the  spread  of 
cholera  must  be  directed  toward  the  destruction  of  the 
spirillum,  and,  when  that  is  not  possible,  the  checking 
of  its  dissemination.  Each  case  that  occurs  must  be  re- 
garded as  a  possible  centre  from  which  other  cases  may 
arise.  The  patient  must,  therefore,  be  isolated  and  the 
utmost  care  taken  to  destroy  all  the  spirilla  in  the  dejecta 
and  vomitus,  on, the  bedding  and  clothing,  and  on  the 
hands  or  persons  of  those  attending  him.  As  the  patient 
must  be  kept  as  quiet  as  possible,  the  evacuations  must 
be  received  in  a  bed-pan  and  disinfected  before  being  dis- 
posed of.  For  this  purpose  milk  of  lime  has  been  found 
very  efficacious.  This  may  be  prepared  as  follows;  One 
volume  of  quicklime,  which  must  not  be  air-slaked,  is 
placed  in  a  large  vessel  containing  an  equal  volume  of 
water.  This  is  gradually  absorbed  by  the  lime,  which 
then  falls  to  powder.  Three  volumes  of  water  are  then 
added  and  the  whole  is  stirred  to  a  thin  creamy  fluid.  Of 
this  equal  parts  should  be  added  to  the  dejecta  and  the 
mixture  allowed  to  stand  for  an  hour,  when  disinfection 
may  be  considered  complete.  Fresh  "  chloride  of  lime  " 
may  also  be  used,  a  large  heaping  tablespoonful  of  the 
powder  being  added  to  each  quart  of  the  evacuations  and 
thoroughly  mixed  with  them.  In  half  an  hour  the  mixt- 
ure may  be  regarded  as  harmless.  The  hands  of  the 
attendants  should  be  disinfected  immediately  after  com- 
ing in  contact  with  the  patient.  The  supernatant  fluid 
obtained  by  mixing  2  parts  of  fresh  "  chloride  of  lime  " 
and  100  parts  of  water,  shaking,  and  allowing  the  sedi- 
ment to  settle,  may  be  used,  or  a  two-  to  three-per-cent. 
solution  of  carbolic  acid,  or  1  in  2,000  corrosive  sublimate. 
These  solutions  may  also  be  used  to  cleanse  the  patient. 
Sheets  and  linen  may  be  soaked  in  1  in  1,000  solution  of 
corrosive  sublimate,  the  above  solution  of  carbolic  acid, 
or  in  a  three-per-cent.  solution  of  green  or  soft  (potash) 
soap,  with  or  without  the  addition  of  five  per  cent,  of 
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crude  carbolic  acid.  The  fluid  must  completely  cover 
the  articles.  The  simple  soap  solution  must  act  for 
twenty-four  hours;  the  carbolized  soap  solution  will  dis- 
infect within  twelve  hours.  Weak  formalin,  two  per 
cent.,  may  also  be  used  where  its  odor  and  irritating 
properties  are  unobjectionable.  In  emergencies,  where 
facilities  for  carrying  on  such  disinfection  cannot  be  ob- 
tained, boiling  or  burning  may  be  employed  to  destroy 
the  spirilla. 

The  bodies  of  the  dead  should  be  disinfected  or 
wrapped  in  a  sheet  wet  with  1  in  1,000  corrosive  sub- 
limate solution,  and  placed  in  a  tight  coffin  upon  a  layer 
of  some  absorbent  material.  The  sick-room  must  be  dis- 
infected with  sulphurous  acid  or  formaldehyde,  or  thor- 
oughly washed  with  1  in  1,000  corrosive  sublimate,  and 
be  well  aired  and  dried  out  before  being  again  occupied. 

Harold  C.  Ernst. 
Revised  by  Edward  K.  Dunham. 

ASPIRIN  is  the  monoaceticacidester  of  salicylic  acid 
CeH,.  O.  COCH3.  COOH.  It  occurs  as  a  white  crystal- 
line powder  with  a  melting-point  of  135°  C.  Is  almost 
insoluble  in  cold  water,  but  rather  freely  soluble  in  al- 
cohol and  ether.  Heat  and  alkalies,  such  as  sodium 
bicarbonate  and  ammonium  carbonate,  decompose  the 
product.  It  is  incompatible  with  antipyrin ;  it  should  be 
kept  in  a  cool,  dry  place  in  securely  stoppered  bottles. 

Owing  to  the  insolubility  of  aspirin  in  acid  fluids,  it 
is  thought  to  pass  unchanged  through  the  stomach  and 
be  decomposed  in  the  alkaline  secretions  of  the  intes- 
tine, witli  liberation  of  salicylic  acid.  It  therefore 
should  not  influence  digestion  or  the  functional  action  of 
the  stomach.  Nor  does  it  influence  the  heart's  action 
or  produce  unpleasant  nervous  symptoms.  It  is  anti- 
pyretic, analfjesic,  antirheumatic,  and  intestinal  antisep- 
tic through  the  action  of  its  salicylic-acid  content. 

The  therapeutic  application  of  aspiiin  inchides  its 
use  in  oases  where  the  salicylates  are  indicated.  It  re- 
lieves the  pain  and  reduces  the  swelling  in  rheumatic 
fever;  it  is  useful  in  muscular  rheumatism,  in  chronic 
rheumatic  affections,  gout,  and  arthritis  deformans. 
It  has  also  been  employed  in  neuralgia,  including  sci- 
atica, in  influenza,  pneumonia,  the  pain  of  pleurisy,  and 
it  is  said  to  be  of  service  in  diabetes,  chorea,  etc. 

The  dose  is  from  0.3  to  1.0  gm.  (5  to  15  grains)  given 
in  tablets  or  wafers,  followed  by  copious  draughts  of 
water.  It  should  never  be  given  in  conjunction  with 
alkahes  or  alkaline  waters.  John  W.  Wainwright. 

ATOXYL  is  the  acid  sodium  salt  of  arsenic  acid,  in 
which  one  hydroxyl  of  the  arsenic  acid  has  been  replaced 
or  substituted  by  a  molecule  of  aniline.  It  is  a  white 
powder  with  a  faintly  salty  taste,  soluble  in  warm  water 
to  twenty  per  cent.,  or  to  seventeen  per  cent,  in  water 
at  15°  C.  Upon  standing,  aqueous  solutions  of  atoxyl 
turn  a  yellowish  tint ;  the  same  follows  the  boiling  of  an 
aqueous  solution.  It  is  said  to  contain  one-fortieth  the 
toxic  properties  of  arsenic  acid  or  one-twentieth  that 
of  arsenous  acid. 

Autopsies  showed  that  animals  which  had  been  given 
poisonous  doses  of  atoxyl  possessed  the  typical  lesions 
of  arsenic  poisoning,  such  as  hemorrhages  from  the  kid- 
neys, etc.  It  is  indicated  in  conditions  calling  tor  ar- 
senic, and  its  employment  materially  shortens  the  course 
of  treatment  from  the  fact  that  much  larger  quantities 
of  arsenic  are  absorbed  without  giving  rise  to  the  col- 
lateral effects  where  arsenic  is  pushed.  It  has  been 
favorably  reported  upon  in  skin,  nerve,  and  blood  dis- 
turbances. Nutrition  is  improved  in  tuberculosis,  while 
favorable  results  have  been  reported  in  ansemia,  chloro- 
sis, neurasthenia,  hysteria,  sciatica,  spasmodic  asthma, 
furunculosis,  angina  pectoris,  contracting  kidney,  arte- 
riosclerosis, malaria,  and  syphilis.  Robert  Koch,  who 
was  sent  by  the  German  Government  to  East  Africa 
to  study  trypanosomiasis  (sleeping  sickness),  reports 
atoxyl  a  specific.  Much  has  been  written  concerning 
the  use  of  atoxyl  in  syphilis.  Metchnikoff  clainis  that 
infection  can  be  prevented,  two  weeks  after  exposure, 
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by  injecting  the  remedy  around  tlie  point  of  infection. 
Later  stages  of  the  disease  are  said  to  yield  to  atoxyl 
treatment. 

Like  other  arsenical  preparations  atoxyl  may  produce 
toxic  symptoms  if  pushed  too  rapidly;  indeed,  Borne- 
man  reports  a  case  of  blindness  from  optic-nerve  atro- 
phy following  the  injection  of  27.0  gm.  of  atoxyl  in 
twenty-per-cent.  .solution  covering  a  period  of  three 
months'  treatment  for  lichen  ruber  planus.  There  was 
arsenical  hyperkeratosis  of  the  palms  and  soles,  and  ar- 
senic was  found  in  the  stools  three  weeks  after  the  last 
injection.  Such  heroic  dosing  should  be  refrained  from, 
and  the  patient  should  be  watched  closely  during  treat- 
ment. 

The  average  dose  of  atoxyl  is  from  0.02  to  0.05  gm. 
(J  to  i  of  a  grain)  hypodermically.  It  may  be  gradu- 
ally increased  to  0.2  gm.  (3  grains).  When  such  doses 
are  used  its  application  should  take  place  twice  a  week. 
Intravenous  and  intramuscular  injections  have  been 
employed,  but  suboutaneously  it  meets  all  requirements, 
as  it  is  not  irritating.  Solutions  should  be  boiled  to 
sterilize  before  injections.  Atoxyl  may  be  given  in  con- 
junction with  Blaud's  mass  and  quinine. 

John  W.  Wainwright. 

A U TO L YS I S.  — Synonyms — Autodigestion,  self-diges- 
tion, autocytolysis.  Definition. — The  digestion  of  cells, 
protoplasm,  or  the  proteins  of  body  fluids,  by  the  en- 
zymes which  they  normally  contain. 

As  the  first  step  in  the  discovery  that  living  cells  may 
contain  enzymes  capable  of  digesting  proteids,  may  be 
counted  the  old  observation  that  amoebae  are  able  to  di- 
gest solid  masses  of  protoplasm  that  they  have  engulfed, 
by  virtue  of  digestive  enzymes  contained  within  their 
own  cytoplasm.  The  next  step  was  the  observation  by 
Hoppe-Seyler,  in  1871,  that  the  dead  tissues  within  the 
body  may  undergo  liquefaction  without  putrefaction,  and 
that  the  process  resembles  the  action  of  the  digestive  en- 
zymes. It  was  not  until  1890  that  the  real  nature  of 
autolysis  was  first  brought  out  by  Salkowski,  who 
showed  that  the  softening  of  dead  tissues  preserved 
from  putrefaction  was  a  true  process  of  digestion  brought 
about  by  intracellular  proteolytic  enzymes,  and  yielding 
tyrosin  and  leucin  just  as  in  pancreatic  digestion.  But 
little  more  work  was  done  upon  this  subject  until  1900, 
when  it  was  again  opened  up  by  the  studies  of  Jacoby, 
and  since  that  time  it  has  been  investigated  extensively 
and  with  very  fruitful  results. 

Autolysis  is  generally  studied  by  the  method  first 
used  by  Salkowski,  which  depends  upon  the  fact  that  the 
bacteria  of  putrefaction  may  be  held  in  check  by  certain 
antiseptics  that  have  relatively  little  injurious  influence 
vipon  the  enzymes.  The  common  method  of  procedure  is 
to  grind  up  the  organs  or  cells  that  are  to  be  examined 
to  a  fine  pulp,  place  the  mass  in  flasks,  after  diluting 
with  water,  salt  solution,  or  very  dilute  acid  solution, 
and  then  add  the  antiseptic.  Toluol,  chloroform,  and 
thymol  are  most  commonly  used,  but  comparative 
studies  seem  to  show  that  of  these  toluol  has  the  least 
depressing  etfect  upon  the  autolytic  processes.  It  is 
also  possible  to  secure  tissues  in  an  aseptic  condition  and 
permit  them  to  autolyze  aseptically  without  the  presence 
of  antiseptics ;  the  rate  of  autolysis  under  these  conditions 
is  more  rapid  than  in  antiseptic  autolysis,  but  the  prac- 
tical difficulties  are  so  great  that  it  is  employed  but 
relatively  little.  Autolysis  proceeds  most  rapidly  if 
the  material  is  kept  at  body  temperature,  but  will  go  on 
slowly  even  at  nearly  the  freezing-point,  as  shown  by  the 
slow  "ripening"  of  meat  in  storage,  which  is  an  auto- 
lytic process.  The  presence  of  any  substances  that  will 
impair  or  destroy  ordinary  proteolytic  enzymes  will 
prevent  autolysis,  e.g.,  formalin,  alcohol,  bichlorid  of 
mercury,  etc.  To  determine  the  rate  or  amount  of 
autolysis  the  usual  method  employed  is  to  heat  the  auto- 
lyzing  material  to  boiling  at  the  close  of  the  experiment, 
filter,  and  determine  the  proportion  of  the  total  nitrogen 
that  is  in  a  soluble,  non-eoagulable  form;  this  figure  can 
then  be  compared  with  the  results  obtained  from  con- 


trol specimens  that  have  been  first  heated  to  destroy- 
the  enzymes,  and  thus  the  amount  of  disintegration  of 
the  tissue  proteins  into  soluble  substances  can  be  esti- 
mated. Another  method,  suitable  for  many  kinds  of 
studies,  has  been  advocated  by  Wells  and  Benson;  this 
consists  in  estimating  the  amount  of  changes  in  the 
freezing-point  and  the  electrical  conductivity  of  the  auto- 
lyzing  mixture,  which  are  greatly  modified  during  the 
course  of  the  digestion  because  of  the  conversion  of  the 
large  molecular  complexes  of  protoplasm  into  smaller 
crystalloidal  molecules  that  increase  the  conductivity 
and  depress  the  freezing-point.  The  latter  method  is 
particularly  advantageous  where  the  amount  of  material 
available  is  limited,  and  where  large  numbers  of  deter- 
minations must  be  made  for  the  plotting  of  curves. 

Since  the  publication  of  Jacoby's  paper  awakened  in- 
terest in  the  subject  of  autolysis,  extensive  investigations 
have  been  made  by  many  workers,  who  have  demon- 
strated that  the  property  of  autolysis  is  inherent  in  every 
cell,  whether  animal  or  vegetable,  including  not  only  the 
actively  metaboUzing  cells  of  such  organs  as  the  liver, 
but  even  the  stroma  cells ;  and  also  unicellular  organ- 
isms, such  as  yeasts  and  bacteria.  However,  the  rate 
at  which  autolysis  occurs  in  different  sorts  of  cells  va- 
ries greatly,  such  active  cells  as  those  of  the  liver  disin- 
tegrating very  rapidly  as  compared  with  stroma,  muscle, 
and  nerve  cells.  As  commonly  observed  in  experimen- 
tal work,  autolysis  does  not  begin,  or  at  least  does  not 
become  appreciable  in  amount,  during  the  first  two  or 
three  hours  after  the  tissue  has  been  removed  from  the 
body ;  then  the  rate  of  proteid  disintegration  begins  to 
increase  rapidly,  reaching  a  maximum  from  the  twelfth  to 
the  twentieth  hour  (at  body  temperature),  then  subsiding 
until,  after  the  forty-eighth  hour,  the  daily  increase  is  al- 
most inappreciable.  The  intracellular  proteolytic  enzymes 
which  accomplish  this  disintegration  are  not  altogether 
like  either  pepsin  or  trypsin;  they  resemble  the  latter  in 
carrying  the  digestion  beyond  the  stage  of  peptones  to- 
their  ultimate  constituent  amino-acids,  but,  hke  pepsin,, 
for  the  most  part  they  act  best  in  a  faintly  acid  medium, 
and  are  inhibited  almost  entirely  by  alkalies  no  stronger 
than  0.4  per  cent.  NaOH.  The  cleavage  products  that 
they  produce  from  proteins  differ  from  those  of  tryptic 
digestion  in  containing  a  much  larger  proportion  of  the 
nitrogen  in  forms  simpler  than  the  amino-acids,  especially 
ammonia  compounds;  this  extreme  cleavage  is  probably 
the  result  not  of  one,  but  of  several  intracellular  enzymes, 
including  not  only  enzymes  that  decompose  proteins  into 
amino-acids,  but  also  those  that  decompose  the  amino- 
acids  into  ammonia  compounds  (deamMizing  enzymes). 
Probably  as  a  result  of  this  deamidizing  process,  organic 
acids,  especially  lactic,  acetic,  and  butyric,  are  formed 
in  considerable  quantities. 

As  cells  contain  substances  other  than  the  proteins,  the 
changes  of  cellular  autolysis  are  by  no  means  limited  to 
proteolysis.  Glycogen  is  split  very  quickly  into  glucose, 
which  in  turn  is  further  disorganized.  The  intracellular 
fats  are  split  by  the  lipase  which  every  cell  contains,  so 
that  free  fatty  acids  may  be  found  in  autolyzing  organs. 
Microscopically  there  may  be  found  what  seems  to  be  an 
increase  in  the  amount  of  fat  in  the  cells,  resembling 
the  changes  of  fatty  degeneration;  but  analysis  shows- 
that  there  is  not  an  actual  increase  in  fat,  but  rather  a 
decrease,  the  fat  microscopically  observed  being  simply 
the  result  of  the  hberation  of  fats  held  normally  in  an 
unstainable  condition  in  the  protoplasm  of  the  living 
cell.  Lecithin  is  also  decomposed,  yielding  cholin. 
Reducing  substances  appear,  and,  as  before  mentioned, 
volatile  fatty  acids  are  produced.  The  nucleo-proteins 
are  attacked  early,  causing  the  nuclei  to  lose  their 
characteristic  staining  properties,  and  the  nucleic  acids 
which  are  liberated  are  decomjjosed  by  special  enzymes, 
the  nucleases,  so  that  free  purin  bases  appear;  these  in 
turn  may  be  altered,  adenin  and  guanin  being  changed 
into  xantliin  and  hypoxanthin  by  the  enzymes,  adennse 
and  guanase. 

.Autolysis  as  a  Physiological  Process. — In  view 
of  the  fact  that  every  living  cell,  so  far  as   known,  is 
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provided  with  proteolytic  enzymes,  it  would  seem  prob- 
able that  these  must  be  of  importance  to  the  cells  in  per- 
forming their  normal  functions,  for  it  scarcely  seems  rea- 
sonable to  contend  that  the  cells  are  equipped  with  these 
enzymes  solely  for  the  purpose  of  ucting  as  scavengers 
of  the  dead  cells.  Furthermore,  we  have  ample  reason 
to  believe  that  the  cells  have  need  of  proteolytic  enzymes 
in  order  to  be  able  to  utihze  the  protein  supplies  brought, 
in  the  blood,  and  perhaps  also  for  the  purpose  of  build- 
ing up  the  cell  proteins  themselves.  Therefore  it  seems 
very  likely  that  the  autolytic  enzymes  are  simply  the 
proteolytic  enzymes  that  have  to  do  with  normal  cellular 
metabolism,  and  that  they  act  autolytically  only  when  the 
cell  is  killed,  or  shut  off  from  its  supply  of  nourishment, 
or  under  other  abnormal  conditions,  and  there  is  some 
evidence  in  favor  of  this  view.  For  example,  Jacoby 
found  that  if  he  ligated  off  a  portion  of  the  liver  of  a 
dog,  and  let  the  animal  live  a  few  days,  the  necrotic  tissue 
showed  an  accumulation  of  leucin,  tyrosin,  and  other 
products  of  protein  hydrolysis,  which  suggests  that  these 
same  processes  of  hydrolysis  are  going  on  in  the  liver 
constantly,  only  the  products  of  the  hydrolysis  are, 
under  normal  conditions,  removed  by  the  circulating 
blood  as  fast  as  formed.  Furthermore,  actively  func- 
tionating tissues,  such  as  the  uterus  and  mammary 
gland  in  pregnancy,  show  much  more  active  autolysis 
than  do  the  same  tissues  when  in  the  resting  state; 
and  Schlesinger  found  that  autolysis  is  most  rapid  in 
newborn  animals.  Schryver  found  evidence  that  ani- 
mals which  had  been  fed  on  thyroid  gland,  which  increases 
the  protein  metabolism,  showed  a  more  rapid  autolysis 
of  the  liver  than  control  animals;  however,  the  writer 
has  been  unable  to  find  any  evidence  that  thyroid  ex- 
tract increases  the  rate  of  autolysis  under  experimental 
conditions.  Nevertheless,  in  spite  of  this  supportive 
evidence,  it  must  be  admitted  that  at  the  present  time  we 
are  by  no  means  certain  that  the  enzymes  that  cause 
autolysis  of  dead  tissues  perform  any  part  in  normal 
metabolism,  or,  indeed,  that  these  same  enzymes  really 
exist  in  the  intact,  normal  cell  in  an  active  condition 

Another  interesting  problem  is  the  manner  in  which 
the  autolytic  enzymes  are  kept  from  digesting  the  Uving 
cells,  and  why  they  attack  only  dead  or  injured  cells; 
it  will  be  noted  that  this  question  is  much  the  same  as 
the  old  problem  of  the  defence  of  the  gastro-intestinal 
mucosa  from  the  enzymes  of  the  digestive  fluids.  There 
are  several  observations  that  bear  upon  this  point. 
One  is  that  the  blood  serum  has  a  powerful  inhibitory 
action  upon  the  autolytic  processes,  so  that  if  a  large 
excess  of  serum  is  present  in  proportion  to  the  amount  of 
cells,  as  in  a  serous  exudate,  autolysis  may  be  held  entire- 
ly in  check.  This  inhibition  seems  to  be  due  to  specific 
antibodies  present  in  the  serum,  which  are  readily  de- , 
stroyed  by  heat,  by  acids,  and  also  by  alkalies  in  any 
considerable  concentration.  As  these  antibodies  are 
particularly  susceptible  to  acids,  the  development  of 
an  acid  reaction  in  an  autolyzing.  area  greatly  facilitates 
the  process,  while,  so  long  as  the  tissues  are  kept  alka- 
line, autolysis  is  prevented.  Furthermore,  the  autolytic 
enzymes,  independent  of  any  question  of  antibodies, 
with  a  few  exceptions  act  much  better  in  an  acid  than 
in  an  alkaline  or  neutral  medium.*  Therefore  it  may 
well  be  that  in  the  living  tissues,  bathed  with  the  normal 
quantities  of  constantly  changing  blood  and  lymph, 
the  autolytic  enzymes  are  held  iu  check  by  the  anti- 
bodies of  these  fluids;  and  at  the  same  time  the  great 
neutralizing  power  of  the  blood  plasma  prevents  the 
development  of  an  acid  reaction  from  any  of  the  prod- 
ucts of  cellular  metabohsm.  As  soon  as  circulation  is 
stopped  by  any  cause,  since  the  supply  of  antibodies  is 
thus  cut  off,  autolysis  can  begin  after  a  latent  period 
during  which,  presumably,  the  effect  of  the  antibodies 
present  is  being  exhausted;  once  autolysis  is  started,  the 
formation  of  volatile  fatty  acids  favors  greatly  the  a  - 


*  There  are  a  few  autolytic'  enzymes,  notably  those  of  the  leu- 
cocytes and  bone  marrow  (Opie),  and  an  enzyme  in  the  spleen 
(Hedin) ,  that  act  best  in  a  slightly  alkaline  medium. 


tivity  of  the  enzymes,  and  so  the  process  soon  begins  to 
increase  greatly  in  rapidity. 

Another  possible  factor  in  the  defence  of  the  cells 
against  their  own  enzymes  is  that  to  a  certain  degree  the 
autolytic  enzymes  of  each  organ  are  specific  for  the  cells 
of  that  organ  (Jacoby).  For  example,  hver  extract 
will  not  digest  lung  tissue,  or  kidney,  or  spleen.  Leu- 
cocytic  enzymes,  however,  seem  to  be  capable  of  splitting 
foreign  proteins  of  all  sorts.  (The  digestion  of  one  cell 
by  enzymes  derived  from  some  other  cell  is  called 
heterolysis.)  Still  another  reason  that  may  be  advanced 
to  explain  the  attacking  of  a  cell  by  its  own  enzymes 
immediately  after  its  nourishment  is  shut  off,  is  to  be 
found  in  the  conditions  of  chemical  equilibrium.  Dur- 
ing life  constant  new  supplies  of  proteins  are  being 
brought  to  the  cell,  and  the  products  of  proteolysis  are 
carried  away  or  oxidized  as  fast  as  formed;  when  circu- 
lation stops,  the  process  of  splitting  goes  on  without 
the  introduction  of  any  new  supphes  of  material,  and 
hence  the  tissues  are  not  replaced  as  fast  as  they  are 
destroyed,  and  the  products  of  their  decomposition 
accumulate  for  lack  of  any  means  of  destroying  or  re- 
moving them.  There  can  be  no  question  that  the  supply . 
of  food-stuffs  is  of  essential  importance  in  determinmg 
autolytic  changes,  for  it  has  been  found  that  bacteria 
and  yeasts  begin  to  undergo  autolysis  when  they  are 
taken  out  of  nutrient  media  and  placed  in  distilled  water 
or  salt  solution.  So  long  as  the  bacteria  are  supplied 
with  nourishment,  autolysis  is  not  marked,  but  when 
nutrient  material  is  lacking  the  autolytic  decomposition 
is  no  longer  repaired,  and  the  bacteria  disintegrate. 
Presumably  the  same  rules  apply  to  the  individual  cells 
of  complex  organisms. 

Lastly,  it  must  be  considered  that  enzymes  exist  in  the 
cell  to  greater  or  less  extent  in  their  inactive  zymogen 
form,  and  are  perhaps  changed  into  the  active  form  as 
needed,  and  inhibited  or  changed  back  again  when  their 
work  is  temporarily  finished. 

Autolysis  in  Pathological  Conditions. — All  absorp- 
tion of  dead  or  injured  tissues,  and  of  organic  foreign 
bodies,  seems  to  be  accomplished  by  means  of  the  diges- 
tive action  of  the  enzymes  of  the  cells  and  tissue  fiuids. 
We  may  distinguish  between  the  digestion  brought 
about  by  the  enzymes  of  the  digested  tissue  itself,  or 
autolysis  in  the  hmited  sense  of  the  word,  and  digestion 
by  enzymes  from  other  cells  or  tissue  fluids,  or  heteroly- 
sis, although  in  ordinary  usage  the  word  autolysis  covers 
both  processes.  Heterolysis  is  accomplished  particularly 
by  the  leucocytes,  which  contain  enzymes  capable  of. 
digesting  not  only  leucocytic  proteins  but  apparently 
every  other  sort  of  protein,  from  serum  albumin  to  cat- 
gut ligatures.  Tlie  heterolysis  may  be  intracellular, 
in  the  case  of  substances  engulfed  by  phagocytes;  or 
extracellular,  either  by  enzymes  normally  contained  in 
the  blood  plasma  and  tissue  fluids,  or  by  enzymes 
liberated  by  the  leucocytes  and  fixed  tissue'  cells.  On 
the  death  and  dissolution  of  a  cell  the  intracellular 
enzymes  are  released,  but  it  is  not  known  to  what  extent 
the  enzymes  may  be  secreted  from  intact  UvJng  cells. 
So  far  as  pathological  processes  show,  the  amount  of 
liberation  of  enzymes  from  normal  cells  is  very  slight, 
if  any;  and  the  digestive  enzymes  present  in  the  blood 
plasma  seem  to  be  very  feeble,  but  this  is  perhaps 
because  they  are  held  in  check  by  the  antisubstances 
of  the  serum.  Pathological  autolysis  and  heterolysis, 
therefore,  are  brought  about  chiefly  by  enzymes  liberated 
from  dead  or  injured  cells,  and  both  these  processes 
seem  to  take  place  in  the  softening  of  pathological 
tissues,  etc.  An  infarct  undergoes  gradual  absorption 
because  the  dead  cells  are  digested  by  their  intracellular 
enzymes,  exactly  as  they  are  when  the  tissue  is  removed 
from  the  body  and  allowed  to  undergo  experimental 
autolysis.  In  addition,  in  the  case  of  the  infarct, 
leucocytes  wander  in  and  disintegrate,  and  their  liberated 
enzymes  help  in  the  process.  It  is  because  of  the  hetero- 
lysis by  leucocytic  enzymes  that  a  septic  infarct  becomes 
softened  so  much  more  rapidly  than  does  an  aseptic 
infarct,  and  by  comparing  the  rate  of  autolysis  in  these 
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t\\  o  kinds  of  infarcts  we  see  that  cellular  autolysis  is  a 
very  slow  process  as  compared  with  the  heterolysis 
accomplished  by  leucocytes. 

It  is  probable  that  the  products  of  autolysis  are  toxic, 
and  the  aseptic  febrile  condition  occurring  in  patients 
with  large  areas  of  aseptic  necrosis,  or  with  sterile 
hajmatomas,  and  sometimes  called  "  ferment  fever 
may  perhaps  be  the  result  of  the  absorption  of  the  sub- 
stances produced  by  the  action  of  the  autolytic  en- 
zymes. It  is  well  known  that  albumoses  and  peptones 
are  toxic,  and  it  is  quite  probable  that  some  of  the  other 
products  of  proteolysis  are  poisonous;  and  it  has  been 
repeatedly  shown  that  they  are  haemolytic.  Some  of  the 
symptoms  of  suppuration,  particularly  the  fever  and 
chills,  have  been  ascribed  rather  to  the  autolytic  prod- 
ucts than  to  the  bacterial  poisons,  particularly  as 
aseptic  suppuration  is  accompanied  by  fever.  In  all 
conditions  associated  with  autolysis  albumoses  may 
appear  in  the  urine,  and  it  is  quite  probable  that  they 
would  cause  more  or  less  intoxication  before  being 
eliminated. 

As  specifie  instances  of  antolysis  in  pathological  con- 
ditions may  be  mentioned  the  following: 

Necrotic  Areas  and  Exudates.  —  The  processes  that 
take  place  in  a  local  area  of  necrosis  must  be  fundament- 
ally quite  similar  to  those  occurring  in  a  corresponding 
piece  of  tissue  kept  in  an  incubator  under  aseptic  con- 
ditions. The  rate  of  the  changes  as  actually  observed  is, 
however,  very  much  slower  in  the  case  of  the  dead  tis- 
sue within  the  living  body,  which  is  probably  due  to  the 
inhibitory  effect  of  the  blood  serum:  indeed,  if  we  add 
a  large  volume  of  blood  serum  to  tissues  placed  in  the 
flasks  for  experimental  autolysis  it  will  be  found  that  the 
rate  of  autolysis  is  greatly  lessened.  In  the  case  of 
very  large  areas  of  necrosis  the  central  portions  are  found 
to  undergo  softening  much  faster  than  the  peripheral, 
undoubtedly  because  removed  from  the  inhibitory 
action  of  the  serum.  The  disappearance  of  nuclear 
staining,  which  is  the  usual  microscopic  indication  of 
necrosis,  is  probably  due  to  the  digestion  of  the  nucleo- 
protoins  by  the  proteolytic  enzymes  and  the  nucleases, 
for  if  sterile  pieces  of  tissue  which  have  had  their  en- 
zymes destroj'ed  by  heating  are  implanted  into  animals 
they  are  found  to  retain  their  nuclear  staining  for 
several  weeks.  The  rate  of  autolysis  under  experimental 
conditions,  as  shown  by  the  nuclear  changes,  is  in  de- 
creasing order,  as  follows:  Liver,  epithelium  of  the  con- 
voluted tubules  of  the  kidneys,  spleen,  pancreas,  collect- 
ing tubules  and  glomerules  of  the  kidney,  alveolar  and 
bronchial  epithelium  of  the  lung,  thyroid  epithelium, 
myocardium,  voluntary  muscle,  squamous  epithelium 
of  the  skin,  cortical  cells  of  the  brain,  connective-tissue 
cells,  endothelium  of  blood-vessels. 

If  chemotactic  substances  are  formed  in  a  necrotic 
area  the  leucocytes  that  enter  cause  very  rapid  heteroly- 
sis. In  caseation,  for  example,  there  is  practically  no 
autolysis,  but  if  iodoform  is  injected  the  leucocytes 
that  invade  the  area  at  once  cause  lapid  softening, 
with  the  formation  of  "sterile  pus." 

Suppuration  is  an  example  of  very  rapid  autolysis 
and  heterolysis,  particularly  the  latter  brought  about 
by  the  great  number  of  leucocytes  that  are  always 
present.  As  living  cells  do  not  undergo  digestion,  we 
do  not  get  suppurntion.  no  matter  how  many  leucocytes 
there  may  be  present,  unless  there  is  also  present  necrosis 
or  some  non-living  protein  material,  such  as  fibrin,  for 
the  enzymes  to  attack;  this  is  well  illustrated  by  the 
absence  of  suppuration  in  erysipelas,  in  spite  of  extreme 
infiltration  with  leucocytes. 

Exudates  undergo  autolysis,  as  Opie  has  pointed  out, 
in  direct  proportion  to  the  number  of  leucocytes,  and  in 
inverse  proportion  to  the  amount  of  serum.  If  the 
amount  of  serum  is  relatively  very  great,  as  in  many 
foiins  of  serous  pleuritis,  the  antibodies  of  the  serum 
hold  the  en/.ymes  of  the  leucocytes  in  check,  and  there 
is  little  or  no  autolysis ;  but  if  the  leucocytes  are  \  cry 
abundant  and  the  amount  of  serum  small,  then  autolysis 
will  occur.     In  this  connection  it  should  be  recalled  that 


the  enzymes  of  leucocytes  are  remarkable  in  acting  best 
in  an  alkaline  medium,  so  that  it  is  not  necessary  for  an 
acid  reaction  to  be  developed  in  order  that  they  may 
become  active. 

Pneumonia. — The  resolution  of  the  exudate  in  lobar 
pneumonia  is  a  striking  example  of  autolysis  by  leuco- 
cytes, and  its  great  rapidity  undoubtedly  depends  upon 
the  fact  that  the  process  occurs  in  the  alveoU,  and  out  of 
direct  contact  with  the  circulating  blood  and  its  anti- 
bodies. The  important  fact  that  in  the  resolution  of 
pneumonia  the  alveolar  walls  escape  digestion  while  the 
exudate  is  being  taken  away,  is  due  to  the  norrnal  re- 
sistance of  living  cells  to  digestive  enzymes,  which  in 
this  case  is  certainly  at  least  partly  due  to  the  presence  of 
abundant  blood  in  the  alveolar  walls;  in  case  the  nutri- 
tion of  a  pneumonic  area  is  out  off  by  thrombosis  the 
autolytic  changes  then  involve  also  the  affected  long 
tissue,  resulting"  in  purulent  pneumonia,  gangrenous 
softening,  or  abscess  formation.  As  evidence  of  the 
autolytic  nature  of  resolution  we  have  the  presence  of 
albumoses  and  peptones  in  the  sputum  and  urine  of 
patients  after  the  crisis  of  lobar  pneumonia,  and  leucin 
and  tyrof^^in  have  been  found  in  pneumonic  lungs. 

Liver  Degenerations. — In  a  nmnberof  pathological  con- 
ditions of  the  liver,  of  which  acute  yellow   atrophy  is 
the  type,  autolytic  destruction  of  the  parenchymatous 
elements  is  the  chief  cause  of  the  anatomical  changes 
observed,  and  perhaps  also  of  many  of  the  clinical  feat- 
ures.    In  acute  yellow  atrophy,  for  example,  we  have 
a  rapid  decrease  in  the  size  and  weight  of  the  liver  be- 
cause of  disappearance  of  a  large  proportion  of  the  hepat- 
ic cells,  and  in  this  condition  leucin  and  tyrosin  may  be 
found  in  the  urine,  while  in  the  blood,  and  especially  in 
the  liver  itself,  there  may  be  found  any  and  all  of  the 
products    of   proteolysis.     Similar    conditions   exist   in 
phosphorus  poisoning,  in  the  diffuse  necrosis  observed 
in  the  liver  in  cases  of  delayed  chloroform  poisoning, 
in  some  cases  of  puerperal  eclampsia,  and  in  certain  in- 
fectious conditions  with  hepatic  necrosis,  especially  in 
Weil's  disease.     It  would  seem  that  in  these  conditions 
we  have  the  liver  cells  injured  by  some  poison  that 
stops  the  synthetic  activities  or  kills  the  cells  outright, 
but  does  not  injure  the  autolytic  enzymes,  so  that  the 
latter  accomplish  the  disintegration  of  the  cells.     Possi- 
bly the  reason  that  the  liver  is  pecuUarly  liable  to  such 
intra  iritam  autolytic  destruction  lies  in  the  fact  that  it 
is  notably  possessed  of  the  most  active  autolytic  enzymes. 
Post-mortem  Changes. — These  are  undoubtedly  due  to 
two  factors,  bacterial  action  and  autolysis.     Under  or- 
dinary conditions  the  former  effect  is  so   conspicuous 
that  autolysis  is  not  prominent,  but  there  are  instances 
in  which  post-mortem  decomposition  is  purely  autolytic. 
The  best  example  is  furnished  by  the  disintegration  of 
the  fetus  that  is  retained  within  the  body  of  the  mother 
after  its  death  from  whatever  cause ;    the  maceration 
of  the  tissues,  and  the  disintegration  of  the  viscera,  are 
the  result  of  autolytic  processes.     In  the  "ripening" 
of  meat  kept  at  low  temperatvire  to  prevent  bacterial 
action  we  have  a  case  of  slowly  continued  autolysis, 
and  even  in  fish  and  meat  cured  with  brine,  autolysis 
seems  to  take  place  in  spite  of  the  strength  of  the  salt 
solution  used.     The  softening  of  the  muscles  after  rigor 
mortis  is  probably  also  the  result  of  autolytic  decom- 
position of  the  clotted  muscle  proteins.     The  microscopic 
changes  that  occur  in  tissues  undergoing  post-mortem 
decomposition  are  readily  explained  as  the  effect  of  auto- 
lytic attack  upon  the  cellular  structures,  and  are,  in 
fact,  quite  the  same  as  those  occurring  in  necrotic  areas 
within  the  living  body. 

Tumors. — As  necrosis  is  a  prominent  feature  of  malig- 
nant tumors,  autolysis  results  in  their  softening  and 
breaking  down,  showing  that  tumor  cells  possess  autolyt- 
ic enzymes  as  well  as  the  normal  cells  of  the  body.  It 
is  possible  that  the  products  of  this  extensive  autolysis 
that  occurs  in  tumors  have  an  important  influence  in  the 
production  of  cancer  cachexia.  Extracts  of  malignant 
tumors  have  a  decided  hsemolytic  property,  which  very 
probably  is  due  to  these  products  of  autolysis,  and  their 
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absorption  into  the  blood  may  have  to  do  with  the  anrr- 
mia  of  cancer  patients.  On  account  of  this  hamolytio 
property,  blood-stained  exudates  produced  by  malig- 
nant growths  in  the  serous  ca-\dties  usually  will  be  found 
to  owe  their  color  to  hsemoglobin  rather  than  to  red  cor- 
puscles. The  action  of  radium  and  a;-rays  upon  malig- 
nant growths  has  been  ascribed  to  the  'effect  of  these 
agencies  upon  the  autolytic  enzymes;  Neuberg  foimd 
that  although  most  enzymes  are  destroyed  or  inhibited 
by  radium  emanations,  autolytic  enzymes  form  an 
exception,  for  cancer  tissue  exposed  to  radium  rays 
undergoes  autolysis  faster  than  control  specimen^. 
Products  of  protein  hydrolysis  may  be  found  in  tumors 
on  account  of  their  autolytic  disintegration. 

Leukaemia. — The  abundant  elimination  of  uiic  acid 
and  other  purin  bodies  in  leukfemia  is  probably  due  to  the 
autolysis  of  leucocytes  that  occurs  in  this  disease. 
Leucocytes  obtained  from  cases  of  myeloid  leukfemia 
show  very  active  autolytic  properties,  which  are  com- 
paratively slight  in  leucocytes  from  lymphatic  leukaemia. 
Corresponding  with  this,  the  evidences  of  autolytic  proc- 
esses are  much  more  prominent  in  cases  of  myeloge- 
nous leukaemia.  It  seems  quite  probable  that  an  impor- 
tant factor  in  this  autolysis  is  that  the  proportion  of 
leucocytes  to  serum  in  the  circulating  blood  is  greatly 
raised,  so  that  the  antibodies  present  in  the  blood  are  in- 
adequate in  amount  to  hold  the  leucocytic  enzymes  in 
check,  as  normally  occurs.  It  has  been  found  experi- 
mentally that  leukaemic  organs,  especially  the  spleen, 
undergo  autolysis  more  completely  and  more  rapidly 
than  do  normal  organs.  The  effect  of  x-rays  upon  this 
disease  is  possibly  the  result  of  their  action  upon  the 
intracellular  enzymes,  as  in  the  case  of  cancer. 

Autolysis  of  Bactehi.*.. — As  previously  mentioned, 
bacterial  cells  present  no  exception  to  the  general  rvile 
that  all  living  cells  contain  autolytic  enzymes.  This 
property  of  bacteria  is  shown  as  soon  as  they  are  removed 
from  culture  media  and  placed  in  non-nutrient  fluids, 
such  as  water  or  salt  solution ;  then  the  bacteria  begin 
to  undergo  self-digestion  in  a  few  hours,  as  if  their  en- 
zymes attacked  the  bacterial  cells  when  there  is  nothing 
else  for  them  to  act  upon.  Likewise,  if  bacterial  cells 
are  placed  in  antiseptics  that  do  not  destroy  the  auto- 
lytic enzymes,  such  as  toluol  and  chloroform,  autolytic 
disintegration  begins  to  take  place  at  once.  In  this  way 
it  has  been  possible  to  liberate  from  bacterial  cells  the 
poisonous  substances  that  they  contain,  the  endotoxins. 
It  is  probable  that  such  bacteria  as  owe  their  pathogenic 
properties  to  endotoxins  produce  their  effects  only  when 
these  are  released  through  disintegration  of  the  bacterial 
cells  by  autolysis  or  when  the  bacteria  are  digested  by 
the  enzymes  of  the  infected  organism.  On  this  account 
it  is  possible  for  a  perfectly  immunized  animal  to  be 
killed  by  the  injection  of  large  numbers  of  such  bac- 
teria [e.g.,  typhoid,  colon,  cholera)  through  overwhelm- 
ing with  great  quantities  of  endotoxins,  even  when  every 
bacterium  has  been  killed  by  the  protective  agencies 
of  the  animal,  since  when  the  bacteria  are  killed  the  endo- 
toxins are  hberated  by  digestion  of  the  dead  bacterial 

Part  of  the  tissue  digestion  that  occurs  in  infected 
areas  may  be  due  to  the  action  of  enzymes  liberated  by 
the  infecting  bacteria,  but  as  compared  with  the  effect 
produced  by  the  leucocytes  this  influence  is  probably 
negligible.  Certain  of  the  products  of  autolysis  of  tis- 
sues are  antiseptic  and  it  is  possible  that  a  certain  degree 
of  resistance  is  conferred  by  these  substances  in  local 
infections  accompanied  by  tissue  destruction.  Conradi 
believes  that  it  is  the  accumulation  of  these  antiseptic 
products  of  the  autolysis  of  bacteria  that  accounts  for 
the  gradual  dying  out  of  bacteria  grown  on  artificial 
media.  It  is  quite  possible  that  bacterial  toxins  may 
by  destroyed  by  autolytic  enzymes,  for  it  is  known  that 
toxins  are  attacked  by  proteolytic  enzymes. 

H.  Gideon  Wells. 

The  Bibliography  of  this  subject  if  given  by  Salkowaki,  peutsclie 
Klinik  1903  (11),  147;  A.  Oswald,  Biochemisches  tentralblatt, 
1905  (3),  365;  and  in  the  chapter  on  Autolysis,  in  Wells'  "  Chem- 
ical Pathology." 


BACILLI  CARRIERS. — It  has  been  known  for  sev- 
eral years  that  persons  convalescent  from  certain  acute 
infectious  diseases  of  known  etiology  may  thereafter 
carry  and  excrete  the  exciting  organisms  from  their 
bodies  for  a  variable  length  of  time.  Almost  coincident- 
ly  it  was  discovered  that  not  only  those  who  have  suf- 
fered from  a  specific  infectious  disease  harbor  the  causa- 
tive organisms,  but  also  others  who  have  been  in  direct 
contact  with  either  such  patient  or  the  infectious 
material.  These  persons  are  apparently  in  normal 
health,  or  do  not  show  any  symptoms  of  the  specific 
disease.  Recently  the  general  term  of  "  bacilli  car- 
riers "  or  "bacteria  carriers  "  has  been  applied  to  such 
persons. 

It  is  difficult  to  define  strictly  what  constitutes  a  true 
bacilli  carrier.  The  term  is  subject  to  broad  interpre- 
tation, but,  as  commonly  understood  at  the  present  time, 
certain  restrictions  must  be  made  to  fix  proper  limita- 
tions. Therefore  we  may  say  provisionally  that  a 
bacilli  carrier  is  one  who,  while  apparently  in  good 
health,  or  at  least  not  showing  any  symptoms  of  a  par- 
ticular specific  infectious  disease,  is  harboring  and  ex- 
creting certain  pathogenic  organisms  of  such  virulence 
that,  when  transmitted  directly  or  indirectly  to  a  sec- 
ond person,  or  to  an  experimental  animal,  they  are  ca-  ^ 
pable  of  causing  the  infectious  disease  in  question.  The 
carrier  may  or  may  not  have  given  a  history  of  a  previ- 
ous attack  of  the  disease. 

The  first  observations  in  this  direction  were  made  in 
connection  with  epidemics  of  cholera,  diphtheria,  and 
cerebrospinal  meningitis.  This  list  of  infectious  diseases 
is  being  constantly  added  to  as  investigations  continue 
along  this  line. 

Asiatic.  Cholera. — It  has  been  found  by  a  number  of 
workers  in  epidemiology  that  in  cholera  epidemics  there 
are  healthy  persons  in  the  infected  district  who  carry 
virulent  vibrios  in  their  intestines,  but  who  are  insus- 
ceptible to  the  disease.  Abel  and  Claussen  report  an 
extreme  case  in  which  they  found  cholera  vibrios  in  the 
dejecta  of  fourteen  out  of  seventeen  persons  belonging 
to  families  wherein  there  were  cholera  patients.  In 
some  instances  the  organisms  persisted  as  long  as  four- 
teen days.  In  the  Hamburg  epidemic  there  were  re- 
ported twenty-eight  cases  of  healthy  persons  with  nor- 
mal stools  containing  cholera  vibrios.  Cholera  vibrios 
are  usually  found  in  the  dejecta  of  patients  for  only  a, 
few  days,  but  Kolle  found  virulent  organisms  in  the 
stools  of  convalescents,  up  to  forty-eight  days.  A  case 
has  been  reported  in  which  the  organism  was  found  one 
hundred  and  twenty  days  after  the  attack. 

It  is  evident  from  the  above  that  the  dissemination 
of  cholera  comes  about  not  only  through  contamination 
of  water,  food,  etc.,  from  the  discharges  of  those  acutely 
ill  of  the  disease,  but  also  from  the  discharges  of  certain 
convalescents  and  healthy  "  carriers,"  who  may  play 
an  important  role  in  spreading  the  disease. 

Diphtheria. — As  early  as  1894  Park  and  Beebe  ex- 
amined the  throats  of  three  hundred  and  thirty  healthy 
persons.  In  eight  subjects  virulent  diphtheria  bacilli 
were  found,  and  two  of  those  afterward  developed  the 
disease ;  twenty-four  subjects  in  this  series  showed  non- 
virulent  or  attenuated  forms  of  the  organism.  In 
further  studies  upon  the  persistence  of  the  virulent  or- 
ganisms in  the  throats  of  convalescents  a  large  series  of 
consecutive  cases  were  examined.  It  was  found  that 
in  approximately  fifty  per  cent,  of  the  cases  the  bacilli 
disappeared  within  three  days  after  loss  of  the  pseudo- 
membrane.  A  majority  of  the  remaining  patients 
showed  the  disappearance  of  the  organisms  in  rapidly 
decreasing  numbers  over  the  following  two  weeks.  But 
in  a  few  cases  the  bacilli  persisted  from  the  fourth  to  the 
ninth  week.  Park  later  reported  the  case  of  a  patient 
who  carried  fully  virulent  organisms  for  eight  months. 
Prip  reported  a  case  in  which  the  virulent  organisms 
persisted  for  twenty-two  months. 

Recently  Pennington  published  the  results  of  his 
examination  of  the  tliroats  of  a  large  number  of  well 
school  children  in  Philadelphia.     The  summary  of  his 
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findings  is  very  interesting  in  tliis  connection.  He 
found  that  approximately  ten  per  cent,  of  these  children 
harbored  in  their  throats  bacilli  which  corresponded 
morphologically  with  the  organism  of  diphtheria.  One- 
half  of  these  organisms  were  without  effect  upon  guinea- 
pigs.  About  thirty  per  cent,  behaved  like  attenuated 
forms,  and  fourteen  per  cent,  killed  the  animals  with  a 
fair  degree  of  promptness. 

In  the  examination  of  the  throats  of  well  persons  in 
contact  with  diphtheria  patients,  Kober  found  that 
eight  per  cent,  carried  virulent  bacilli.  It  is  generally 
considered  that  the  bacilli  found  in  well  persons  recently 
exposed  are  more  likely  to  be  virulent  than  others. 

Many  more  studies  along  these  lines  have  been  made 
which  confirm  the  findings  just  mentioned.  All  these 
observations  point  to  the  fact  that  not  only  convales- 
cents but  apparently  well  individuals  may  serve  as  car- 
riers of  virulent  diphtheria  bacilli,  and  under  favorable 
conditions  can  infect  others. 

Cerebrospinal  Meningitis. — The  Diplococcus  intra- 
cellularis  menirujitidis  of  Weichselbaum  is  another  or- 
ganism which  is  found  in  normal  persons.  In  the  ex- 
amination of  twenty-seven  healthy  persons  Schiff  found 
in  the  nasal  secretions  of  seven  an  intracellular  diplo- 
coccus; in  three  cases  of  this  group  Weichselbaum 
identified  the  organisms  as  being  meningococci.  Weich- 
selbaum and  Ghon  isolated  the  same  organism  from 
three  persons  who  had  been  in  contact  with  the  disease. 
Goodwin  and  von  ShoUy  found  the  meningococcus  pres- 
ent in  about  ten  per  cent,  of  the  people  who  were  in 
close  contact  with  patients  suffering  from  the  disease. 
Others  have  found  the  meningococcus  in  the  throat 
and  nasal  cavities  of  healthy  persons,  during  an  epidemic 
of  meningitis.  The  organism  may  persist  a  consider- 
able length  of  time  in  convalescents.  Goodwin  found 
the  organism  persisting  sixty-seven  days  after  the  on- 
set of  the  disease. 

Evidence  seems  to  indicate  that  cerebrospinal  menin- 
gitis is  not  highly  contagious.  Those  who  contract  the 
disease  usually  have  had  their  general  resistance  lowered 
by  unhygienic  environment,  hardships,  exposure,  etc. 
Individual  susceptibility  is  an  important  factor.  The 
organism  may  set  up  an  acute  rhinitis  without  further 
invasion  or  harm.  This  partly  explains  how  the  infec- 
tion may  be  carried  and  distributed,  as  it  is  well  known 
that  the  organism  possesses  a  low  degree  of  vitality; 
it  is  rapidly  killed  by  drying,  sunlight,  etc.  Therefore, 
immediate  or  mediate  transmission  of  the  infected  se- 
cretions from  one  person  to  another  seebis  to  be  neces- 
sary in  most  cases.  Dwelling  infections  are  not  proved. 
The  influence  of  "  bacteria  carriers  "  in  the  spreading 
of  this  disease  may  account  for  the  outbreak  and  con- 
finement to  one  family,  small  area  in  a  community,  or 
a  single  regiment.  Probably  certain  outbreaks  of  cere- 
brospinal meningitis  in  barracks  may  have  their  origin 
from  "  bacteria  carriers."  Several  instances  are  on 
record  which  would  indicate  that  this  is  the  case. 

Influenza. — The  influenza  bacilli  may  be  harbored  in 
the  respiratory  and  nasal  passages  of  many  well  persons, 
who  seem  immune  to  their  action.  They  may  also  occur 
as  a  secondary  infection  in  many  other  conditions. 
Williams  quite  early  observed  them  in  sputum  from 
pulmonary  tuberculosis ;  they  were  present  in  great 
numbers  in  a  large  portion  of  the  cases,  and  in  some 
cases  in  almost  pure  cultures.  Moreover,  they  were 
found  not  only  during  the  winter  but  also  during  the 
summer,  when  no  influenza  was  known  to  be  prevalent. 
There  is  no  doubt  that  tuberculous  patients  act  as  in- 
fluenza bacilli  carriers.  Also  certain  healthy  persons 
play  a  similar  role. 

Typhoid  Fever. — Perhaps  the  most  thorough  studies 
upon  "  bacilli  carriers  "  have  been  carried  out  in  con- 
nection with  typhoid  fever.  Several  extensive  reports 
have  recently  appeared  upon  this  subject.  Although 
these  conditions  have  been  recognized  only  within  the 
last  few  years,  the  investigations  promise  to  throw 
much  light  upon  certain  outbreaks  of  the  disease  of  ob- 
scure origin.     At  the  present  time    considerable  work 


upon  this'phase  of  the  epidemiology  of  typhoid  is  being 
pursued  both  in  this  country  and  abroad. 

It  has  been  known  for  a  number  of  years  that  typhoid 
patients  and  convalescents  might  carry  pure  cultures 
of  the  bacillus  in  the  bladder  for  an  indefinite  period  of 
time.  Petruschky  in  1898  reported  typhoid  bacilli  in 
the  urine  of  convalescents,  as  long  as  two  months  after 
the  attack.  Richardson  soon  after  mentioned  a  case, 
observed  by  Gushing,  of  a  man  who  had  had  typhoid 
fever  five  years  previously,  but  returned  to  the  hospital 
for  treatment  of  cystitis.  Bacteriological  examination 
revealed  a  pure  culture  of  typhoid  bacilli,  which  would 
indicate  that  the  infection  had  been  carried  five  years, 
following  the  typhoid-fever  attack. 

Since  these  early  reported  cases  it  has  been  well  con- 
firmed that  in  some  cases  typhoid  convalescents  carry 
the  bacilli  a  variable  length  of  time  as  bladder  infec- 
tions, and  become  a  constant  source  of  further  infection 
by  discharging  the  organisms  in  the  outer  world.  Donitz 
and  others  have  reported  cases  which  fully  support  the 
claim  that  infections  can  originate  from  such  a  source. 

As  early  as  1902  Frosch  suggested  that  convalescents 
from  typhoid  fever  in  some  instances  might  carry  the 
bacilli  in  their  bodies  as  saprophytes,  and  their  dejecta 
might  give  rise  to  new  infections.  In  this  way  the  mys- 
tery of  "typhoid  houses  "  or  "  typhoid  localities  "  might 
be  explained.  Sound  persons  might  be  "  bacilli  car- 
riers "  and  be  the  source  of  infection. 

Drigalski  and  Conradi  in  the  same  year  reported  the 
isolation  of  typhoid  organisms  from  the  dejecta  of  four 
healthy  persons  who  had  been  in  contact  with  cases  of 
the  disease.  Drigalski  in  1904  reported  a  case  in  which 
the  organisms  were  observed  for  nine  months  in  the 
stools.  The  next  year  Lentz  and  others  confirmed  the 
supposition  of  Frosch  and  the  findings  of  Drigalski  and 
others.  Since  then  many  more  contributions  have  been 
made  on  the  subject  which  give  further  support  to  the 
views  concerning  "  typhoid-bacilli  carriers." 

Lentz  (1905),  in  making  an  extensive  review  of  the 
results  obtained  at  several  laboratory  stations  engaged 
in  the  investigations  of  typhoid  fever,  states  that  out  of 
a  large  number  of  examinations  ninety-eight  chronic 
"bacilli  carriers"  were  found.  At  one  station  it  was 
found  that  about  four  per  cent,  of  the  cases  examined 
became  bacilli  carriers.  In  one  instance  Lentz  found 
that  out  of  twenty-two  carriers  sixteen  were  women. 
He  observed  that  a  definite  relationship  existed  between 
gall-stone  disease  and  "btccilli  carriers,"  as  the  two  con- 
ditions might  be  associated,  and  suggested  that  gall- 
bladder infections  might  give  rise  to  the  typhoid  bacilli 
in  the  fseces. 

Neiter  has  called  attention  to  the  influence  of  bacilli 
carriers  in  causing  institutional  epidemics.  In  a  certain 
German  insane  asylum  were  found  thirteen  "  bacilli 
carriers,"  all  women.  Friedel  traced  the  cause  of  a 
series  of  typhoid  outbreaks  in  the  institution,  to  a  "  bacilli 
carrier  "  who  was  a  helper  in  the  kitchen  of  the  asylum. 

Kayser  reported  small  outbreaks  of  typhoid  fever 
which  could  be  traced  to  the  milk  in  use.  In  two  in- 
stances the  milk  was  traced  back  to  the  respective 
dairies.  In  each  case  a  "  bacilli  carrier"  was  found  in 
connection  with  the  dairy,  proof  being  furnished  by  the 
isolation  of  typhoid  bacilli  from  the  feces.  Kossel  de- 
scribes a  similar  outbreak  which  had  its  origin  from  milk 
supplied  from  a  certain  dairy.  Upon  investigation  it 
was  found  that  one  of  the  laborers  was  a  "  bacilli  car- 
rier," although  he  was  not  aware  that  he  ever  had  the 
disease.  He  was  removed  from  the  dairy  work,  with  the 
result  that  no  more  cases  developed  from  the  milk  sup- 
ply. Later,  he  returned  to  the  work  and  a  second  out- 
break followed.  These  examples  prove  very  instructive, 
as  they  show  the  danger  of  employing  "  bacilli  carriers  " 
as  workers  about  such  places. 

Soper  records  a  most  interesting  and  instructive  case 
of  a  typhoid-bacilli  carrier.  He  was  called  upon  to  in- 
vestigate a  household  epidemic  of  typhoid  fever,  where, 
in  close  succession,  six  out  of  eleven  were  stricken  with 
the  disease.     The  water  and  food  supplies  were  fully 
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examined,  with  the  result  that  they  could  be  excluded 
as  sources  of  infection.  Finally,  suspicion  was  directed 
to  a  cook  who  had  been  employed  by  the  family  shortlv 
before  the  outbreak  of  the  disease.  She  left  shortly 
afterward.  Soper  succeeded  in  locating  the  cook  a^nin, 
but  was  unable  to  derive  any  useful  information  from 
her.  She  was  a  woman  of  apparently  good  health,  about 
forty  years  of  age,  of  Irish  descent,  single,  and  had  no 
knowledge  of  ever  having  had  typhoid  fever.  She  re- 
fused to  give  further  information  concerning  her  past 
life,  and  the  investigator  therefore  found  it  necessary 
to  look  up  her  past  history.  During  the  previous  ten 
years  it  was  possible  to  trace  her  whereabouts  with  the 
exception  of  two  years.  It  was  found  that  in  the  time 
accounted  for  she  had  been  employed  in  eight  families, 
and  in  seven  of  these  typhoid  fever  had  followed  her. 
She  had  always  escaped  the  epidemics  herself.  In  all, 
twenty-six  cases  and  one  death  occurred  in  the  series 
of  outbreaks.  The  last  position  she  held  was  with  a 
family  in  New  York  City,  and  the  outbreak  in  this  in- 
stance was  followed  by  the  only  fatality.  Soper  called 
the  attention  of  the  Department  of  Health  to  the  cook, 
who  was  suspected  of  being  a  chronic  carrier  and  a 
menace  to  public  health.  She  was  placed  in  the  De- 
-tention  Hospital  March  19th,  1907,  where  she  has  been 
under  constant  observation  ever  since  (January,  1908). 
Bacteriological  examinations  carried  out,  under  the  di- 
rections of  Dr.  Park  of  the  Research  Laboratory,  by 
Goodwin  and  Noble  showed  that  the  urine  was  free 
from  typhoid  bacilli,  but  the  fseces  were  rich  with  the 
organisms.  The  examinations  have  been  continued 
almost  a  year,  with  the  results  that  with  few  exceptions 
typhoid  bacilli  have  always  been  present.  This  estab- 
lishes a  case  of  a  constant  bacilli  carrier.  The  blood 
showed  a  positive  Widal  test  early  in  the  course  of  the 
examination.  This  side  of  the  investigation  has  not 
been  followed  along  with  the  faces  examination,  owing 
"to  the  vigonous  protests  of  the  carrier.  It  is  not  neces- 
sary to  dwell  upon  this  case,  further  than  to  call  atten- 
tion to  the  havoc  which  a  carrier  can  produce  when 
coming  in  direct  contact  with  the  food  supply  of  non- 
immune individuals. 

Klingler  divides  typhoid-bacilli  carriers  into  two 
groups:  (a)  those  who  have  had  typhoid  fever  at  some 
time  or  other,  and  (b)  those  who  have  no  knowledge  of 
ever  having  had  the  disease.  In  a  series  of  twenty- 
three  cases  which  came  under  his  observation,  he  found 
that  six  men  and  five  women  fell  in  the  first  group,  while 
in  -the  second  group  there  were  three  men  and  nine 
women. 

The  discharge  of  typhoid  bacilli  in  the  faeces  of  carriers 
may  be  quite  irregular  in  some  cases,  while  regular  in 
others.  This  seems  to  depend  on  temporary  conditions 
in  the  intestinal  tract.  It  has  been  observed  that  some- 
times the  discharge  of  bacilli  will  suddenly  stop  without 
recurrence.  Also  there  may  be  all  degrees  of  grada- 
tion as  to  the  length  of  time  the  bacilli  continue  to  be 
present  in  the  faces  after  the  acute  attack.  They  may 
not  be  found  at  all  after  convalescence,  or  they  may  be 
present  weeks,  months,  or  years  thereafter.  Lentz 
mentions  one  case  in  which  the  organisms  were  present 
forty-two  years  after  the  attack.  From  this  we  can 
easily  see  that  there  may  be  no  age  limit.  Klingler  in 
his  series  found  bacilli  carriers  between  the  ages  of 
eighteen  months  and  sixty  years.  The  infant  cases 
may  have  been  contracted  through  the  mother. 

The  focus  of  infection  is  generally  considered  to  be 
in  either  the  gall-bladder,  chronic  ulcers  of  the  intes- 
tines, or  the  normal  intestinal  tract.  Wasserman  and 
Citron  are  of  the  opinion  that  a  local  immunity  exists  in 
the  gall-bladder  and  intestinal  wall  of  the  carrier,  which 
protects  the  body  from  general  infection.  A  number 
of  workers  report  that  there  is  no  raiding  in  value  of  the 
specific  agglutinin,  nor  in  specific  bactericidal  substan- 
ces; but  others  have  reported  that  such  substances  are 
increased.  It  is  desirable  that  more  work  be  done  in 
regard  to  these  particular  points. 

Medicinal  treat  lent  or  immunization,  according  to 


Forster  and  Kayser,  seems  so  far  to  have  been  attended 
by  practically  no  favorable  results,  in  the  intestinal  cases. 
But  in  the  bladder  infections  Richardson  found  urotro- 
pin  very  efficacious.  The  use  of  this  drug  might  be  of 
service  in  the  gall-bladder  infections.  A  successful  use 
of  urotropin  in  gall-bladder  infection  has  recently  been 
reported  from  the  Johns  Hopkins  Hospital. 

When  the  infection  in  these  cases  can  be  localized  by 
such  evidence  as  concomitant  gall-stone  disease,  opera- 
tive means  may  in  some  cases  lead  to  cure.  Dehler  re- 
cently (1907)  operated  upon  a  patient  who  was  a  chronic 
bacilli  carrier,  with  the  purpose  of  relieving  the  condition. 
Perhaps  this  is  the  first  operation  on  record  which  was 
undertaken  for  the  cure  of  a  typhoid  carrier.  The  pa- 
tient, an  insane  woman,  had  infected  a  number  of  per- 
sons before  it  was  discovered  that  she  was  a  carrier. 
Previous  to  the  operation  typhoid  bacilli  were  found  in 
the  faeces  in  thirty-seven  out  of  thirty-nine  examinations. 
The  operation  consisted  in  making  a  section,  freeing  the 
gall-bladder  from  adhesions,  opening  it,  and  removing 
the  gallstones,  then  giving  free  drainage  for  some  time. 
The  patient  made  an  uneventful  recovery,  and  with  the 
exception  of  once  shortly  after  the  operation,  the  stools 
have  since  been  free  from  typhoid  bacilli. 

Later  on  Dehler  operated  upon  a  second  patient  who 
was  a  bacilli  carrier,  and  removed  a  few  small  stones 
from  the  gall-bladder.  Subsequent  examinations  of  the 
faeces  showed  the  absence  of  typhoid  bacilli.  In  the 
same  communication  he  reported  that  the  dejecta  of  the 
previous  case  still  remained  free  from  typhoid  organ- 
isms. Both  patients  showed  an  improvement  in  their 
general  condition.  Dehler  is  of  the  opinion  that  opera- 
tive means  are  justifiable  in  those  cases  in  which  no  relief 
from  the  condition  can  be  brought  about  by  medication 
or  immunization. 

A  number  of  cases  have  been  reported  in  which  the 
dejecta  of  chionic  carriers  have  shown  a  mixed  infection 
of  the  paratyphoid  with  the  typhoid  bacillus.  Also  para- 
typhoid bacilli  carriers  have  been  reported  by  Gaehtgens 
and  others. 

Bacillary  Dysentery. — As  compared  to  typhoid  fever,  a 
limited  amount  of  work  has  been  done  which  will  throw 
light  upon  the  subject  of  bacilli  carriers  among  conva- 
lescents from  dysentery  or  of  healthy  carriers.  But, 
taking  up  the  closer  study  of  certain  epidemics  of  this 
disease,  it  seems  possible  that  there  are  carriers  in  some 
instances.  However,  the  investigations  of  Shiga,  Flexner, 
Goodwin,  and  others,  carried  out  in  a  large  number 
of  cases,  have  failed  to  show  the  presence  of  B.  dysen- 
teriw  in  normal  stools. 

In  this  disease,  as  in  those  discussed  previously,  the 
so-called  latent  types  apparently  may  be  a  means  of 
spreading  the  infection.  Park  is  of  the  opinion  that 
paradysentery  bacilli  are  distributed  by  carriers  and 
may  in  some  cases  give  rise  to  epidemics.  Duval  re- 
ported that  he  had  found  in  two  instances  the  B.  para- 
dysentericB  in  the  normal  stool  of  milk-fed  infants.  Col- 
lins also  found  a  few  cases  in  the  normal  stools  of  babies. 

Gonorrhoea. — Many  of  the  so-called  cases  of  chronic 
gonorrhoea  may  be  considered  in  the  sense  of  being 
gonococci  carriers.  A  certain  percentage  of  the  so- 
called  chronic  or  latent  cases  do  not  show  any  clinical 
manifestations  after  a  certain  length  of  time  following 
the  acute  infection.  Yet  these  persons  are  quite  ca- 
pable of  infecting  others,  and  there  seems  to  be  no  de- 
crease in  the  virulence  of  the  organism.  Moreover,  the 
person  is  subject  to  superinfection  from  other  sources 
with  acute  clinical  symptoms  following.  Apparently 
there  is  no  lim.it  to  the  time  a  man  may  carry  the  in- 
fection in  chronic  cases.  Park  mentions  a  case  in  which 
the  organisms  were  abundantly  present  after  an  expos- 
ure dating  back  twenty  years. 

Another  class  of  carriers  may  be  those  who  have  ex- 
perienced slight  if  any  clinical  symptoms  primarily,  but 
who  carry  the  organisms  and  are  able  to  infect  others. 

Other  Infectious  Diseases. — Pneumococci  and  strepto- 
cocci are  quite  frequently  found  in  the  throats  and  air 
passages  of  normal  persons.     While  these  organisms  are 
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nearly  as  virulent  to  susceptible  animals  as  when  ob- 
tained from  diseased  cases,  we  are  not  yet  certain 
whether  they  are  as  capable  of  producing  disease  m 
man.  Many  cases  of  pneumonia  are  undoubtedly  due 
to  autoinfection. 

Concerning  the  tubercle  bacillus  we  need  further  in- 
vestigation. There  may  be  certain  persons  who  may 
harbor  the  bacilli  and  still  give  no  evidence  of  any  patho- 
logical condition  caused  by  this  organism.  But  this 
supposition  seems  to  be  improbable. 

Bacilli  carriers,  or  bacteria  carriers,  as  stated,  are  a 
constant  menace  to  public  health,  when  allowed  unre- 
stricted freedom.  It  is  imperative  that  such  cases  be 
recognized  if  possible,  and  the  necessary  steps  taken, 
so  far  as  is  feasible,  to  combat  the  condition,  or  to 
prevent  the  spread  of  the  disease  by  prophylactic  means. 

Patients  recovering  from  these  diseases  should  be 
thoroughly  examined  before  being  discharged  in  order 
to  ascertain  whether  or  not  they  are  free  from  virulent 
organisms.  Medicinal  treatment,  immunization,  or 
surgical  intervention  may  relieve  certain  cases,  but 
when  these  means  are  not  applicable  it  may  be  neces- 
sary to  quarantine  the  patient,  In  all  cases  in  which  the 
dejecta  carry  infectious  organisms  complete  steriliza- 
tion should  be  employed.  Ii)  safeguarding  a  water  sup- 
ply these  bacilli  carriers  must  always  be  kept  in  view. 

When  investigating  the  origin  of  an  outbreak  of  an 
infectious  disease,  it  is  always  important  to  bear  in 
mind  the  possibility  of  a  bacteria  carrier  as  the  source. 

L.  W.  Famulener. 

BACTERIOLOGICAL  TECHNIQUE.— The  methods  for 

the  artificial  cultivation  of  bacteria  are  of  fundamental 
importance  In  bacteriology,  and  for  that  reason  deserve 
very  careful  consideration.  Nutrient  media  of  various 
kinds  are  used,  but  the  three  most  commonly  employed 
are  bouillon,  gelatin,  and  agar.  These  in  turn  may  be 
variously  modified  as  the  needs  of  the  work  may  require. 
In  addition,  other  media  are  used,  such  as  blood,  serum, 
exudates,  eggs,  urine,  milk,  potatoes,  and  the  like. 
These  will  be  severally  considered. 

Bouillon. — To  prepare  beef  tea,  or  bouillon  as  it  is 
called,  500  gm.  of  lean,  chopped  beef  (Hamburger  steak) 
are  placed  in  a  suitable  enamelled  vessel  or  in  a  one-and- 
a-half-litre  flask  and  1,000  c.c.  of  ordinary  tap  water  are 
added,  and  the  whole  is  thoroughly  mixed.  This  may  now 
be  set  aside  In  an  ice-box  for  twenty -four  hours  so  as  to 
bring  the  soluble  constituents  into  solution ;  or,  what  is 
preferable,  it  may  be  placed  in  a  water-bath  and  warmed 
at  a  temperature  not  exceeding  60°  C.  for  an  hour.  In 
this  way  the  nutrient  fiubstances  are  dissolved  out  and 
much  time  is  saved.  It  is  not  desirable  at  this  point  to 
heat  the  fluid  above  the  temperature  given,  inasmuch  as 
that  would  lead  to  the  coagulation  of  the  albuminous 
constituents,  which,  if  they  are  allowed  to  remain  in  solu- 
tion, will  facilitate  the  subsequent  clarification  of  the 
medium.  When  the  digestion  is  completed,  whether 
carried  out  at  a  low  temperature  or  in  the  water-bath,  the 
liquid  is  strained  through  well-washed,  starch-free  mus- 
lin, or  the  juice  may  be  expressed  by  means  of  a  meat 
press.  The  liquid  thus  obtained  is  of  a  dark  red  appear- 
ance, due  to  the  presence  of  hsemoglobin. 

One  thousand  cubic  centimetres  of  the  meat  extract 
are  then  placed  in  a  clean  flask  or  vessel,  and  10  gm.  of 
dry,  powdered  peptone  (Witte's)  and  5  gm.  of  common 
salt  are  added  and  the  whole  is  then  warmed  at  about  55° 
to  60°  C.  till  the  peptone  has  dissolved.  The  next  step  is 
to  render  the  medium  suitably  alkaline,  since  bacteria  as 
a  rule  require  a  slightly  alkaline  soil.  This  manipulation 
requires  special  care,  for,  if  improperly  done,  the  finished 
product  may  be  cloudy,  or  may  even  have  a  deposit,  or 
may  even  be  unfit  for  the  growth  of  bacteria.  The 
clouding  and  the  formation  of  a  precipitate  can  be  avoided 
by  boiling  the  meat  extract  after  adding  just  enough  al- 
kali to  neutralize  the  fluid.  For  this  purpose  5  c.c.  of 
Mon/iaZ  sodium  hydrate  (four-per-cent.  solution)  are  added 
to  the  litre  of  meat  extract.  This  amount  is  usually 
sufficient  to  make  the  extract  neutral  to  litmus.    The 


liquid  is  then  heated  in  a  boiling  water-bath  or  over  a 
free  flame  for  about  fifteen  minutes,  after  which  It  is  fil- 
tered through  a  moist  plaited  filter  and  allowed  to  cool 
to  about  50°  C.  As  stated,  bacteria  thrive  best  when  the 
medium  is  slightly  alkaline.  Hence  10  c.c.  of  the  normal 
sodium  hydrate  are  now  added  to  impart  the  desired 
alkalinity,  after  which  the  liquid  is  again  boiled  for 
twenty  to  thirty  minutes,  and  finally  filtered  through 
moist  paper. 

Inasmuch  as  considerable  water  is  usually  lost  by  vap- 
orization during  the  preparation  of  the  medium,  it  is 
advisable  either  to  indicate  the  volume  at  the  beginning 
of  the  operation  by  a  suitable  mark  on  the  vessel,  or,  bet- 
ter, to  take  the  weight  of  the  fluid  before  and  aftei:  heat- 
ing. The  difference  in  the  volume  or  weight  is  finally 
made  up  by  the  addition  of  the  corresponding  amount  of 
distilled  water.  The  finished  bouillon  should  make  up 
to  the  original  volume  of  meat  extract,  that  is,  1,000  c.c. 

The  beef  tea  thus  prepared  is  now  filled  into  tubes  or 
into  flasks,  as  the  case  may  be,  and  sterilized  by  steam. 
This  process  will  be  described  later.  It  is  hardly  neces- 
sary to  add  that  the  bouillon  after  being  tubed  and  steri- 
lized should  be  perfectly  clear,  without  a  deposit,  and 
should  have  a  slight  alkaline  reaction. 

For  cultivating  the  gonococcus  Thalmann  recommends, 
using  the  ordinary  bouillon,  to  which  has  been  added  two- 
thirds  to  three-fourths  of  the  amount  of  alkali  necessary  to 
make  it  neutral  to  phenolphthalein. 

Sugar-free  Bouillon. — The  bouillon  as  just  prepared 
always  contains  some  sugar  derived  from  the  muscle 
tissue  employed.  For  many  purposes  this  sugar  content 
is  undesirable,  and  must  be  removed  in  some  way.  One 
procedure  is  to  allow  the  meat  extract  to  ferment  at  a. 
low  temperature,  10°  to  15°  C,  for  two  days.  Another  is. 
to  place  the  meat  extract  at  37°  C.  for  twenty -four  hours. 
Neither  one  of  these  methods  will  give  results  which  can 
be  relied  upon.  The  best  procedure  is  to  add  to  the  meat 
extract  a  rich  fluid  culture  of  some  acid-producing  organ- 
Ism,  such  as  Bacillus  coll  (Smith),  or  B.  lactis  aBrogenes 
(Durham),  and  then  set  it  aside  to  ferment  at  37°  C.  for 
twenty-four  hours  or  longer.  The  frothy  liquid  is  then 
carefully  neutralized  by  the  addition  of  normal  sodium 
hydrate,  peptone  and  salt  added,  then  boiled,  cooled,  and 
rendered  alkaline  according  to  the  directions  given  under 
the  preparation  of  bouillon.  The  sugar-free  bouillon 
thus  prepared  does  not  contain  indol,  as  might  at  first  be 
supposed.  It  is  preferable  to  the  Dunham  peptone  solu- 
tion mentioned  below  for  testing  for  the  presence  of  indol, 
since  a  good  reaction  is  given  in  sixteen  hours,  whereas 
the  cultures  in  Dunham's  solution  often  require  several 
days  before  giving  a  positive  test. 

Martin's  Bouillon. — The  thoroughly  mixed  meat  sus- 
pension (500  gm.  of  chopped  beef  and  1,000  c.c.  of  water) 
is  set  aside  at  about  37°  C.  for  twenty  hours  so  as  to  de- 
stroy the  sugar  normally  present.  The  liquid  is  then 
strained  through  well -washed  muslin,  and  to  1,000  c.c.  of 
the  filtrate  5  gm.  of  common  salt  are  added,  after  which 
the  liquid  is  neutralized  and  finally  rendered  alkaline  by 
the  addition  of  7  c.c.  of  normal  alkali  per  litre  of  bouillon. 
Ordinary  peptone  is  not  added,  inasmuch  as  it  is  likely  to 
contain  sugar.  Instead,  Martin  adds  to  this  bouillon  an 
equal  volume  of  a  rich  peptone  solution  made  by  digest- 
ing the  stomach  of  a  pig.  This  latter  solution  is  prepared 
as  follows:  A  pig's  stomach  is  cleaned  and  cut  up  into 
small  pieces,  and  to  300  gm.  of  this  finely  divided  tissue 
1,000  c.c.  of  water  and  10  c.c.  of  concentrated  hydro- 
chloric acid  are  added  and  the  mixture  is  set  aside  at  50° 
C.  for  about  twelve  hours.  The  digested  fluid  is  then 
decanted  through  a  filter  of  absorbent  cotton  and  the 
strongly  acid  reaction  is  reduced  by  the  addition  of  25 
c.c.  of  a  sixteen-per-cent.  solution  of  sodium  hydrate. 
The  liquid  is  then  carefully  neutralized,  after  which  it  is 
rendered  alkaline  by  the  addition  of  7  c.c.  of  normal  so- 
dium hydrate  per  litre.  The  mixture  of  equal  volumes 
of  the  sugar-free  bouillon  and  the  peptone  solution  is 
heated,  filtered,  and  tubed  or  placed  in  flasks. 

Peckliam's  Bouillon. — This  is  made  by  taking  finely 
chopped  beef,  which  must  be  as  old  as  it  can  be  obtained 
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in  order  that  it  may  be  free  from  muscle  sugar,  and  add 
ing  225  gm.  of  it  to  500  c.c.  of  water.  The  mixture  is 
rendered  sliglitly  allialine  with  sodium  carbonate,  after 
■which  it  is  placed  in  a  water-bath  at  40°  C,  and  4  gm.  of 
trypsin  are  added.  After  digesting  for  an  hour  tlie  lluid 
is  again  rendered  alkaline  with  sodium  carbonate.  In 
from  one  to  one  and  a  half  hours  the  digestion  should  be 
arrested,  otherwise  traces  of  indol  may  be  detected.  At 
the  end  of  this  period  the  mixture  is  boiled  and  strained 
through  gauze  and  filtered  cold  through  wet  filter  paper 
to  remove  the  fat.  Five  grams  of  salt  and  enough  water 
to  make  up  to  one  litre  are  then  added.  The  acidity  of 
the  clear  straw-colored  filtrate  is  then  reduced  to  the  de- 
sired point.  The  most  suitable  reaction  for  the  develop- 
ment of  colon  and  like  bacilli  is  when  the  medium  con- 
tains such  an  amount  of  free  acid  as  to  require  from  20 
to  30  c.c.  per  litre  of  a  decinormal  sodium-hydrate  solu- 
tion to  bring  it  to  a  point  neutral  to  phenolphthalein. 

Artificial  digestion  of  muscle  tissue  by  means  of  pepsin 
and  trypsin  is  resorted  to  in  the  preparation  of  Deycke's 
agar. 

Dunham's  Peptone  Solution. — This  is  prepared  by  dis- 
solving 10  gm.  of  Wilte's  peptone  and  5  gm.  of  common 
salt  in  1,000  c.c.  of  ordinary  tap  water.  The  solution  is 
then  tubed  and  sterilized  by  steam.  This  medium  is 
aised  to  detect  the  formation  of  indol  by  bacteria,  but  in- 
asmuch as  many  organisms  fail  to  grow  in  it  and  others 
require  several  days  before  giving  a  reaction,  it  has  not 
been  found  to  be  as  suitable  as  the  sugar-free  bouillon 
given  above. 

Glucose  Bouillon. — This  is  used  to  test  for  acid  and  gas 
production.  It  is  made  by  adding  to  the  ordinary  bouil- 
lon, or  better  to  that  which  is  sugar-free,  one  or  two  per 
cent,  of  glucose.  The  two-percent,  solution  is  most 
commonly  employed.  The  sterilization  of  sugar-con- 
taining media  by^team  requires  special  care  to  prevent 
oxidation  of  the  carbohydrate  present.  As  a  rule  the 
steaming  should  not  exceed  ten  or  fifteen  minutes  each 
day  on  three  successive  days.  Instead  of  glucose  other 
carbohydrates,  such  as  lactose,  maltose,  saccharose, 
dextrin,  etc.,  may  be  added  to  the  bouillon  in  one-  or 
two-per-cent.  concentration. 

Mannite-peptone  Bouillon. — The  alcohol  mannite  is 
added  to  sugar-free  bouillon  in  sufficient  quantity  to  give 
a  one-per-cent.  concentration.  This  medium  is  espe- 
cially useful  in  differentiating  organisms  which  other- 
wise closely  resemble  each  other.  For  example,  the 
different  varieties  of  dysentery  bacilli  may  be  separated, 
since  certain  ones  ferment  mannite,  while  others  do  not. 

Glycerin  Bouillon. — This  is  especially  used  for  culti- 
vating the  tubercle  bacillus.  It  is  made  by  adding  five 
per  cent,  of  glycerin  to  the  ordinary  bouillon.  The  mix- 
ture is  then  tubed  and  sterilized  in  the  usual  way. 

Carbolic  Bouillon. — This  is  made  so  as  to  i^ontain  0.1 
per  cent,  of  carbolic  acid.  One  gram  of  acid  may  be 
added  to  one  litre  of  bouillon.  The  better  procedure  is 
to  add  1  c.c.  of  a  one-per-cent.  carbolic  acid  to  9  c.c. 
of  bouillon.  It  is  advisable  to  incubate  the  tubes  for 
several  days  so  as  to  eliminate  any  possible  contamina- 
tion. The  medium  is  useful  for  examining  water  for  the 
colon  bacillus,  especially  when  the  bacterial  contents 
are  very  high.  The  presence  of  the  antiseptic  serves  to 
check  or  prevent  the  growth  of  many  organisms  which 
would  otherwise  develop.  It  should  be  borne  in  mind 
that  weak  colon  and  typhoid  bacilli  are  Hkewise  re- 
strained. 

The  tubes  after  inoculation  with  the  water  are  incu- 
bated for  twenty-four  hours  at  38°  C,  after  which  lac- 
tose litmus  agar  plates  are  made,  which  are  then  exam- 
ined for  red  colonies.  Of  course  all  red  colonies  are 
not  to  be  regarded  without  further  study  as  the  colon 
bacillus. 

Parietti's  Bouillon. — A  mixture  of  carbohe  acid  and 
hydrochloric  acid  is  first  prepared  by  adding  4  c.c.  of 
the  latter  to  100  c.c.  of  a  five-per-cent.  carbolic  solu- 
tion. This  solution  after  standing  a  few  days  is  added 
in  portions  of  0.1,  0.2,  0.3  c.c.  to  portions  of  10  c.c.  each 
of  sterile  bouiUon. 


Nitrate  Bouillon. — The  Laboratory  Committee  of 
the  American  Public  Health  Association  recommends 
that  this  medium  be  prepared  by  dissolving  1  gm.  pep- 
tone in  one  litre  of  tap  water  (ammonia-free),  and  then 
add  2  gms.  of  nitrite-free  potassium  nitrate.  Ten  c.c. 
of  the  medium  are  placed  in  test  tubes  and  sterilized  in 
the  usual  manner.  It  is  best  to  prepare  the  medium 
fresh  before  using. 

Calcium-salt  Bouillon. — Bolduan  found  that  the  ad- 
dition of  certain  calcium  salts  to  plain  broth  gave  a, 
medium  nearly  equivalent  to  those  containing  serum 
or  ascitic  fluid  tor  the  cultivation  of  the  pneumococcus, 
meningococcus,  etc.  It  has  the  advantage  of  being 
easily  and  rapidly  prepared.  Calcium  chloride  can  be 
used  in  solution  of  1  to  2,000  in  plain  broth,  whi^e  cal- 
cium carbonate  (marble)  or  calcium  sulphate  (gyp- 
sum) is  broken  into  small  pieces,  washed  with  water, 
added  to  broth  in  test  tubes,  and  sterilized  in  the  regu- 
lar manner.  Pneumococci  as  a  rule  grow  readily  upon 
this  medium,  live  approximately  as  long  as  upon  ascitic 
broth,  and  retain  their  virulence  equally  well.  Hiss, 
working  independently  of  Bolduan,  discovered  the  same 
advantages  of  calcium  broth  when  cultivating  the  above- 
mentioned  organisms,  his  publication   appearing  later. 

MacConhey's  Bile-salt  Boidllon. — Bile  salts  and  va- 
rious sugars  enter  into  this  medium.  A  stock  solution 
may  be  prepared  without  sugar,  then  the  sugar  may  be 
added  as  desired.  This  solution  is  prepared  by  dis- 
solving 20  gm.  Witte's  peptone  in  1,000  c.c.  distilled 
water  heated  to  60°  C,  then  to  this  add  5  gm.  sodium 
taurocholate  (commercial  product).  For  the  bouillon 
add  one-half  per  cent,  of  a  freshly  prepared  one-per- 
cent, solution  of  neutral  red,  and  the  sugar  desired.  If 
glucose  is  used,  one-half  percent,  is  added;  in  the  case 
of  other  sugars,  one  per  cent.  The  medium  is  sterilized 
in  a  steam  sterilizer  at  100°  C.  on  three  consecutive 
days.  Care  must  be  exercised  in  order  not  to  overheat 
and  split  the  constituents  in  sterilizing.  These  media 
are  especially  applicable  in  the  differentiation  of  intes- 
tinal bacteria.  The  formation  of  both  acid  and  gas  may 
be  observed  if  the  organisms  under  cultivation  possess 
such  properties. 

Colored  Bouillon. — Various  coloring  agents  are  added 
to  the  nutritive  media  in  order  to  bring  out  the  acid- 
producing  or  the  reducing  properties  of  bacteria.  The 
substances  which  are  most  commonly  used  tor  this  pur- 
pose are  litmus,  neutral  red,  tuchsin,  saffranin,  and 
sodium  indigo  sulphate.  The  first  two  are  particularly 
useful,  and  are  prepared  the  same  as  the  corresponding 
agar  or  gelatin  media,  which  see. 

Gelatin. — The  ordinary  nutrient  gelatin  is  really 
nothing  more  than  bouillon  to  which  ten  per  cent,  of 
gelatin  has  been  added  so  as  to  impart  solidity  with  the 
additional  advantage  that  the  medium  is  transparent. 
The  method  of  preparation  is  as  follows:  To  1,000  c.c. 
of  the  meat  extract,  prepared  according  to  the  direc- 
tions given  under  bouillon,  100  gm.  of  the  best  sheet 
gelatin  are  added;  likewise  10  gm.  of  Witte's  peptone 
and  5  gm.  of  common  salt.  The  whole  is  then  warmed 
in  a  water-bath  at  60°  C.  until  the  gelatin  has  passed 
into  solution.  The  liquid  is  then  neutrahzed  and  enough 
alkali  added  in  excess  so  as  to  impart  a  suitable  alka- 
hnity.  As  ordinarily  prepared  the  nutrient  gelatin  re- 
quires from  30  to  35  c.c.  of  normal  alkali  to  effect  neu- 
tralization. An  additional  10  c.c.  will  give  the  desired 
alkalinity.  Hence  40  c.c.  of  the  normal  alkali  may  be 
added  at  once  and  the  liquid  tested  with  litmus  paper. 
If  the  liquid  is  not  distinctly  alkaline  more  of  the  re- 
agent may  be  added  until  the  desired  alkalinity  is  ob- 
tained. The  method  of  standardizing  media  by  means 
of  phenolphthalein  will  be  given  later. 

When  the  proper  amount  of  alkali  has  been  added  to 
the  gelatin  solution  the  latter  is  then  placed  in  a  water- 
bath,  the  water  of  which  is  then  raised  to  the  boilin'5 
temperature.  The  gelatin  is  kept  immersed  in  the  ac- 
tively boiling  water  for  about  three-quarters  of  an  hour. 
Prolonged  heating  or  sterilization  at  high  temperature 
(autoclave)    lowers    the   solidifying   point   of    gelatin; 
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therefore  this  must  be  avoided,  since  it  impairs  the  me- 
dium. The  albuminous  constituents  of  the  meat  ex- 
tract coagulate  in  flakes,  and  at  the  same  time  clarify 
the  liquid  so  that  on  subsequent  filtration  the  gelatin 
will  be  perfectly  clear.  In  case  the  coagulation  of  the 
albumin  results  in  minute  particles,  which  cannot  be 
readily  removed  by  filtration  through  paper,  egg-albu- 
min may  be  added  and  precipitated  by  again  heating. 
This  is  brought  about  by  allowing  the  medium  to  cool 
•down  to  60°  C.  and  to  each  litre  add  the  whites  of  two 
•eggs,  then  thoroughly  mix  by  stirring.  Gradually  bring 
the  temperature  up  near  the  boiling-point,  without  stir- 
ring, and  keep  there  about  fifteen  minutes.  A  heavy 
coagulum  results,  the  greater  part  of  which  will  rise  to 
the  surface.  This  may  be  removed  by  straining  through 
several  thicknesses  of  cheese  cloth  or  a  layer  of  absorb- 
ent cotton  placed  in  a  funnel.  The  gelatin  is  then  fil- 
tered through  a  plaited  filter,  which  should,  however, 
be  first  warmed  by  passing  through  it  several  hundred 
cubic  centimetres  of  boiling  water.  If  the  paper  and 
funnel  are  sufficiently  warmed  in  this  way  there  is  no 
likehhood  of  the  gelatin  sohdifying  on  the  filter.  The 
filtered  gelatin  should  be  perfectly  clear,  should  possess 
a  slight  alkaline  reaction,  and  should  solidify  when 
cooled  under  running  tap  water.  If  it  meets  these  re- 
quirements it  is  then  filled  into  sterile  tubes  to  a  depth 
of  one  and  a  half  to  two  inches,  and  finally  the  tubes 
are  sterilized  by  steaming  for  a  quarter  of  an  hour  on 
each  of  three  consecutive  days. 

Whenever  nutrient  gelatin  is  mentioned  in  bacterio- 
logical work  it  is  understood  to  be  a  ten-per-cent.  solu- 
tion. This  medium  melts  at  about  23°  C.  That  is 
warm  summer  temperature,  and  for  that  reason  it  is 
sometimes  advisable  to  add  more  gelatin  to  the  prepa- 
ration is  order  to  make  it  more  solid.  A  twelve-  or 
•even  a  fifteen-per-cent.  solution  of  gelatin  is  used  under 
these  conditions.  Again,  at  other  times  it  is  desirable 
to  employ  a  gelatin  which  is  relatively  quite  soft,  and 
in  that  case  a  five-  or  eight-per-cent.  solution  may  be 
made  use  of.  Obviously  the  amount  of  alkali  neces- 
sary to  neutralize  such  media  will  vary  from  that  re- 
quired for  the  ordinary  gelatin.  The  great  value  of  the 
gelatin  medium  lies  in  the  fact  that  it  can  be  readily 
melted  and  again  solidified,  and  in  its  transparency. 
Moreover,  many  bacteria  give  rise  to  soluble  ferments  or 
•enzymes  which  peptonize  or  hquefy  the  gelatin,  whereas 
-others  are  not  able  to  do  this.  It  becomes  possible 
therefore  to  divide  bacteria  into  two  large  groups,  ac- 
cording as  to  whether  they  liquefy  or  do  not  liquefy 
gelatin. 

Glucose  Gelatin. — This  is  made  by  adding  to  the  clear 
filtered  gelatin,  prepared  as  above,  two  per  cent,  of  glu- 
-cose.  The  material  is  then  tubed  and  steriUzed  the 
same  as  ordinary  gelatin.  This  medium  is  particularly 
iiseful  for  the  cultivation  of  anaerobic  bacteria. 

Glucose  Litmus  Gelatin. — To  the  glucose  gelatin  a  con- 
-centrated  solution  of  litmus  is  added  so  as  to  impart  to 
the  medium  a  deep  blue  color.  This  is  then  tubed  and 
.sterilized.  During  the  steaming  of  this  medium  the  lit- 
mus is  usually  decolorized,  but  on  subsequent  cooling  the 
blue  color  returns.  If  such  a  medium  is  overheated  in 
the  process  of  sterilization  the  sugar  will  be  altered,  and 
as  a  result  the  color  of  the  litmus  will  change  to  more  or 
less  of  a  red. 

For  special  purposes  other  sugars  may  be  added  to 
the  gelatin,  as  in  the  case  of  bouillon.  A  lactose  litmus 
gelatin  is  very  useful  in  differentiating  various  organ- 
isms. The  amount  added  is  usually  one  or  two  per  cent. 
Eisner's  Medium. — The  addition  of  gelatin  to  a  potato 
•extract,  instead  of  to  a  meat  infusion,  was  first  re- 
sorted to  by  Holz.  Eisner's  medium  is  essentially 
Holz's  potato  gelatin,  to  which  one  per  cent,  of  potassium 
iodide  is  added.  It  can  be  used  to  gooa  advantage  in 
differentiating  between  the  typhoid  and  colon  bacilli, 
but  at  the  same  time  it  should  be  remembered  that  it 
does  not  afford  an  absolute  means  of  detecting  the  for- 
mer organism.  The  method  of  preparation  is  as  fol- 
low.s:     1,000  gm.  of  well-cleaned  potatoes  are  cut  up 


into  lumps  which  are  then  mashed  as  fine  as  possi- 
ble, best  done  by  passing  the  material  through  a  fruit 
press.  The  finely  mashed  potatoes  are  then  placed 
in  a  meat  press  and  pressure  is  applied.  In  this  way 
about  400  c.c.  of  a  dark  Hquid  is  obtained  from  the 
kilogram  of  potatoes.  The  potato  juice  is  then  set 
aside  in  an  ice  chest  overnight,  after  which  it  is  filtered 
through  cotton.  Ten  per  cent,  of  gelatin  and  one  per 
cent,  of  potassium  iodide  are  then  added  to  the  dark 
liquid,  and  the  mixture  is  warmed  at  about  40°  C.  until 
the  gelatin  melts.  Inasmuch  as  the  reaction  of  this 
material  varies  considerably  it  is  necessary  now  to  de- 
termine the  exact  degree  of  acidity  present,  and  then  to 
reduce  this  by  the  addition  of  the  proper  amount  of 
alkah,  so  that  the  resulting  medium  has  an  acidity  such 
that  it  would  require  the  addition  of  20  c.c.  of  normal 
alkali  per  litre  to  make  the  solution  neutral.  The  acid- 
ity of  the  gelatin  is  determined  by  titrating  a  portion, 
say  10  c.c,  with  decinormal  sodium  hydrate,  using  lit- 
mus paper  as  an  indicator.  If,  for  example,  10  c.c. 
require  3.2  c.c.  of  the  decinormal  alkali,  it  will  be  neces- 
sary to  reduce  the  acidity  by  adding  1.2  c.c.  of  decinor- 
mal alkali,  or  better  0.12  c.c.  of  normal  alkah  for  every 
10  c.c.  of  gelatin  made.  When  the  proper  degree  of 
acidity  has  been  imparted  to  the  medium,  the  gelatin 
is  placed  in  a  boihng  water-bath  for  three-quarters  of 
an  hour  until  all  the  proteids  have  coagulated,  after 
which  it  is  filtered  through  paper,  filled  into  sterile 
tubes,  and  steriUzed  by  steaming  for  fifteen  minutes  on 
each  of  three  consecutive  days. 

Fish  Gelatin. — Five  hundred  grams  of  chopped  fish 
are  added  to  1,000  c.c.  of  water,  and  the  material  is 
digested  the  same  as  given  above  for  ordinary  gelatin. 
To  the  strained  liquid  100  gm.  of  gelatin,  40  gm.  of  salt, 
5  gm.  of  glycerin,  and  5  gm.  of  asparagin  are  added,  and 
the  mixture  when  perfectly  fluid  is  rendered  slightly  al- 
kaline. It  is  then  heated,  tubed,  and  sterilized  as  above. 
This  medium  is  particularly  useful  for  the  growth  of 
phosphorescing  bacteria. 

Nutrient  Agar. — One  drawback  to  the  ordinary  gela- 
tin is  that  it  cannot  be  used  as  a  solid  medium  at  tem- 
peratures above  23°  C.  This  has  led  to  the  introduc- 
tion of  agar-agar  as  a  stiffening  agent.  This  substance 
is  a  seaweed  gathered  off  the  coast  of  Asia.  It  has  no 
nutritive  quaKtifis  of  its  own  nor  is  it  liquefied  by  bac- 
terial ferments.  Therefore  it  becomes  a  very  useful 
addition  to  media  for  special  purposes.  The  prepara- 
tion of  nutrient  agar  is  very  simple.  Ordinary  bouillon 
is  first  made  according  to  the  directions  already  given. 
The  agar  may  be  obtained  as  a  powder  or  in  threads ; 
in  the  latter  case  the  agar  is  cut  up  into  very  small 
pieces,  and  20  gm.  (two  per  cent.)  is  then  added  to  the 
htre  of  bouillon,  which  should  be  in  a  large  flask,  or, 
better,  in  an  enamelled  jar.  The  vessel  and  contents 
should  then  be  weighed,  after  which  the  liquid  should 
be  gently  boiled  until  the  agar  has  completely  dissolved. 
The  vessel  is  now  again  weighed,  and  the  difference 
between  the  two  weights  is  made  up  by  the  addition  of 
the  proper  amount  of  distilled  water. 

It  is  advisable  to  place  the  agar  now  in  a  water-bath 
at  about  50°  C.  for  several  hours  in  order  to  allow  the 
sediment  to  settle  as  much  as  possible.  The  filtration 
of  a  two-per-cent.  agar  is  a  very  slow  and  tedious  proc- 
ess even  when  carried  out  in  a  steam  sterihzer.  It  is 
sufficient  for  practically  all  purposes  to  filter  through  a 
layer  of  cotton.  The  filtrate  thus  obtained  is  almost, 
if  not  entirely,  clear ;  ordinarily  whatever  Httle  sediment 
may  be  present  does  not  interfere  with  the  usefulness 
of  the  medium.  If  much  sediment  is  present  in  the  fil- 
trate, it  may  be  clarified  by  the  addition  of  egg-albumin 
as  mentioned  under  the  preparation  of  gelatin. 

The  filter  is  prepared  by  placing  a  piece  of  ordinary 
cotton,  about  two  inches  square,  in  the  angle  of  a  large 
funnel,  and  then  while  it  is  held  down  by  means  of  a 
glass  rod,  a  litre  or  so  of  very  hot  water  is  passed 
through,  once  or  twice,  so  as  thoroughly  to  warm  the 
funnel.  Eventually  the  sedimented  agar  is  carefully 
and  slowly  decanted  on  to  the  cotton  filter.     If  desirable 
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I'IG.  5064.— Filtration  Tbrough  Cotton  Over 
a  Porcelain  Plate  (Novy). 


the  agar  can  be  filtered  a  second  time.  A  very  conven- 
ient arrangement  for  the  rapid  filtration  of  agar  through 
cotton  is  shown  in  Fig.  5064.  This  consists  essentiafly 
of  a  Witte's  perforated  porce- 
lain plate,  which  is  steadied  in 
p'ace  in  the  funnel  by  means 
of  a,  glass  rod  which  passes 
through  the  centre.  The  plate 
is  covered  with  a  layer  of  cot- 
ton on  which  a  similar  porce- 
lain plate  is  placed  to  prevent 
the  cotton  from  floating.  The 
funnel  is  inserted  into  a  strong 
vacvium  flask,  which  is  con- 
nected with  a  Chapman  air 
pump.  Boiling  water  is  first 
passed  through  the  filter  to 
warm  it  thoroughly,  after 
which  the  agar  is  added  and 
suction  applied. 
As  soon  as  the 
pump  begins  to 
act  the  top  plate 
can  be  removed. 
^A'hen  it  is  de- 
sired to  make  a 
perfectly  clear 
medium  it  should  be  made  with  only  one  or  one  and  a 
half  per  cent,  of  agar  instead  of  two  per  cent.,  as 
given  above.  Such  agar  is  softer  and  can  be  passed 
through  a  previously  moistened  filter  paper,  especially 
if  the  funnel  is  placed  in  a  steam  sterilizer  or  in  a 
funnel-shaped  copper  water-bath,  such  as  is  shown  in 
Figs.  5065  and  5066. 

The  filtered  agar  is  then  tubed  and  sterilized  by  steam- 
ing one-half  hour  on  each  of  three  consecutive  days, 
after  which  it  is  kept  in  an  upright  position ;  or  steril- 
ization may  be  rapidly  accomplished  by  placing  the 
tubes  in  an  autoclave  (Fig.  5080)  and  keeping  at  a  tem- 
perature of  120°  C.  for  fifteen  minutes.  Agar  media 
modified  by  addition  of  sugars  (or  certain  chemicals) 
cannot  be  sterilized  at  this  high  temperature  since  those 
constituents  are  altered.  When  it  is  desired  to  make 
inclined  or  slant  agar  tubes,  as  many  of  these  as  are 
needed  are  melted  in  a  water-bath  and  then  inclined  so 
that  the  agar  comes  within  an  inch  of  the  cotton  plug. 

Thalmann's  Agar. — Five  hundred  grams  of  meat  are 
boiled  for  one-quarter  of  an  hour  with  1,000  c.c.  of  dis- 
tilled water,  after  which  the  mass  is  made  up  to  the 
original  weight  and  strained 
through  muslin.  One  per  cent. 
of  peptone  and  0.5  per  cent,  of 
salt  are  then  added  and  the 
liquid  is  boiled,  after  which  it  is 
again  made  up  to  the  original 
weight,  cooled,  and  filtered.  One 
and  one-half  per  cent,  agar  is 
then  added  and  the  weighed 
liquid  is  boiled  in  a  concen- 
trated salt-water  bath  for  about 
three-quarters  of  an  hour,  after 
which  it  is  again  made  up  to 
the  original  weight.  Thirty 
cubic  centimetres  are  then  ti- 
trated with  normal  sodium  hy- 
drate, using  phenolphthalein 
as  an  indicator.  ■  The  amount 
of  alkali  necessary  to  neutralize 
the  entire  amount  of  agar  is  as- 
certained, and  two-thirds  of 
this  quantity  is  then  added, 
in  portions  and  while  shaking,  to 
After  heating  fifteen  minutes  the  material  is 


Tig.  5065. -Double-Walled 
Hot- Water  Funnel. 


the  agar. 

filled  into  tubes. 

According  to  Thalmann  and  others  this  medium  is 
adapted  for  the  cultivation  of  the  gonococcus,  especially 
for  diagnostic  purposes.  A  Kttle  of  the  pus  is  mixed 
with  the  water  of  condensation,  and  then  by  means  of 


a  wire,  rod,  or  cotton  swab  the  suspension  is  thoroughly 
spread  over  the  surface  of  a  series  of  inclined  tubes  or 
over  Petri  dishes.  These  when  kept  for  twenty-four 
hours  at  36°-37°  show  small,  glistening  colonies,  which 
are  single  or  confluent  and  appear  hke  highly  refractive 
drops. 

The  medium  is  not  suitable  for  subcultures,  and  Thal- 
mann recommends  that  the  colonies  be  transplanted  to 
serum  bouillon.  This  is  prepared  by  adding  to  some 
bouillon  two-thirds  to  three-fourths  of  the  amount  of 
alkali  needed  to  neutralize  the  liquid.  After  heating 
and  filtering,  an  equal  volume  of  hog  serum  is  added 
and  the  mixture  tubed.  The  tubes  are  incUned  and 
heated  for  one  to  two  hours  at  70°  on  the  first  and  also 
on  the  second  day,  and  for  one  hour  at  100°  on  the  third 
day.  According  to  Wassermann  hog  serum  is  just  as 
good  as  human  serum  for  cultivating  the  gonococcus. 

Glucose  Agar. — This  is  made  by  adding  to  the  filtered 
agar,  or  to  so  much  of  it  as  may  be  wanted,  two  per  cent, 
of  glucose.  The  medium  is  then  tubed  and  sterilized 
in  the  ordinary  way.  It  is  used  especially  for  the  growth 
of  yeasts  and  anaerobic  bacteria.  If  desired,  it  may  be 
colored  with  litmus  as  in  the  case  of  gelatin.  Lactose, 
maltose,  saccharose,  or  other  sugars  may  be  used  as  a 
modification,  instead  of  glucose.  The  medium  in  either 
case  is  made  in  the  same 
manner,  with  similar  per- 
centages'of  sugar. 

Rothberger's  Neutral-red 
Agar. — This  can  be  made 
by  adding  to  a  0.3 -per- 
cent, glucose  agar  one  per 
cent,  of  a  saturated  aque- 
ous neutral  red  solution. 
The  typhoid  bacillus  does 
not  change  the  color  or 
produce  gas,,  whereas  the 
colon  discharges  the  red 
and  leaves  a  fiuorescing 
color.  The  inoculation  can 
be  made  either  by  plant- 
ing a  shake  culture  or  by 
making  a  stab  culture, 
which  can  then  be  covered 
with  a  layer  of  agar  to  Fig.  506a.-Single-Wall  Hol^Water 
exclude  air  changes.  The  Funnel  with  Ring  Burner, 
addition  of  neutral  red  to 

bouillon  is  of  service  in  water  examinations  (Irons, 
Jordan). 

Endo's  Fuchsin  Agar. — When  properly  prepared,  this 
medium  ranks  among  the  first  as  a  reliable  means  of 
differentiating  the  Bacillus  typhosus.  It  is  prepared  as 
follows:  To  1,000  c.c.  neutral  three-per-cent.  agar 
(made  in  the  regular  way)  add  10  gm.  chemically  pure 
milk  sugar  (lactose) ;  5  c.c.  alcoholic  solution  of  fuch- 
sin (freshly  filtered) ;  25  c.c.  ten-per-cent.  solution  so- 
dium sulphite;  10  c.c.  ten-per-cent.  solution  of  soda. 
The  milk-sugar  solution  and  fuchsin  solution  are  added 
first  to  the  dissolved  agar  and  well  mixed.  The  solu- 
tion of  sodium  sulphite  is  added  gradually  until  the 
color  of  the  medium  disappears.  On  solidifying,  the 
medium  should  remain  colorless.  Put  in  tubes  (about 
15  c.c.  each)  and  sterilize  in  steamer  for  thirty  minutes 
on  three  consecutive  days.  Keep  tubes  in  the  dark 
until  ready  for  use. 

Endo  ascribes  the  resulting  color  changes  to  the  fact 
that  fuchsin  is  a  hydrochloric-acid  combination  of  ros- 
anihn.  RosaniUn  is  a  colorless  leucobase,  but,  in  combi- 
nation with  acids,  gives  colored  compounds.  The  so- 
dium sulphite  used  in  the  medium  is  just  sufficient  to 
reduce  to  the  colorless  base,  thus  giving  a  practically 
clear  medium. 

In  the  presence  of  sugar  of  milk  such  organisms  as 
B.  coli  hberate  lactic  acid,  which  in  turn  acts  upon  the 
leucobase,  and  gives  a  deep  red  combination.  But  the 
colonies  of  B.  typhosus  developing  in  this  medium  do 
not  produce  an  acid,  therefore  they  have  a  clear  glassy 
appearance,    or    slightly    bluish    in   transmitted    light. 
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Plates  are  made  and  inoculated  in  the  ordinary  manner 
from  infective  material.  Incubation  is  carried  out  at 
37°  C.  and,  when  suspected  colonies  develop,  they  niay 
be  fished  out,  transplanted,  and  given  the  agglutination 
test  with  specific  serum  to  identify  positively. 

The  Malachite-green  Enriching  Method  of  Lenlz. — 
This  method  has  also  been  used  extensively  in  the 
separation  of  the  typhoid  bacillus,  especially  in  the  cul- 
tivation from  faeces.  The  use  of  malachite  green  for 
this  purpose  was  first  introduced  by  Loeffler.  Lentz 
and  Tietz  have  modified  and  improved  the  method. 
They  direct  that  three  pounds  of  chopped  lean  beef  be 
macerated  in  two  litres  of  water  for  sixteen  hours.  Ex- 
press the  extract,  cook  for  one-half  hour  and  filter,  adtl 
three  per  cent,  agar, to  the  filtrate  and  cook  slowly  for 
three  hours  to  dissolve.  Then  add  one  per  cent,  pep- 
tone; 0.5  per  cent,  sodium  chloride;  and  one  per  cent, 
nutrose  (may  be  omitted).  Make  neutral  to  litmus  wtli 
soda  solution,  boil,  and  filter  into  small  flasks  of  100  c.c. 
to  200  c.c.  capacity.  Before  adding  the  malachite-green 
solution,  test  with  neutral  litmus  paper,  and  slowly 
alkalinize  with  sterile  soda  solution  until  the  litmus 
strips  give  a  distinct  red  violet.  The  crystals  of  mala- 
chite-green (Hoechst)  should  be  used  to  make  this  so- 
lution. Lentz  used  different  concentrations  of  the  dye 
in  preparation  of  the  medium,  but  Simon  recommends 
a  concentration  of  1 :  22,000  as  being  the  most  favor- 
able. In  such  case  make  a  fresh  solution  of  1 :  220, 
and  of  this  add  1  c.c.  to  each  100  c.c.  of  the  hot  agar, 
thus  obtaining  the  required  concentration.  The  me- 
dium is  poured  in  Petri  dishes,  and  allowed  to  cool  for 
use.  _  Inoculations  may  be  made  upon  its  surface.  The 
dye  inhibits  the  growth  of  B.  coli  and  many  other  or- 
ganisms but  in  the  above  concentration  the  B.  typhosus 
develops  slowly,  usually  from  two  to  four  days.  When 
kept  in  the  incubator  at  37°  C.  typhoid  colonies  give 
the  agar  a  yellow  color.  Test  by  specific  agglutinating 
serum  to  identify.  Results  obtained  by  different  ob- 
servers have  varied.  It  seems  to  be  difficult  to  secure 
a  uniform  preparation  of  malachite  green. 

Lactose  Litmus  Agar. — This  medium  was  introduced 
by  Wurtz,  and  is  very  useful  in  differentiating  between 
the  typhoid  and  colon  bacilli.  Acid  formation  in  the 
case  of  the  latter  is  indicated  by  a  change  in 
the  reaction  of  the  litmus.  If  this  medium  is 
made  by  the  addition  of  two  per  cent,  of  lac- 
tose and  litmus  to  the  ordinary  agar  it  will  be 
found  that  even  typhoid  bacilli  will  give  a 
shght  acid  reaction.  This,  however,  is  not 
due  to  the  fermentation  of  the  lactose,  but  to 
the  small  amounts  of  muscle  sugar  derived 
from  the  meat.  It  is  therefore  desirable  that 
the  agar  for  this  purpose  should  be  made  out 
of  sugar-free  bouillon,  which  can  be  prepared 
according  to  the.  directions  already  given. 
Prolonged  boiling  of  the  agar  must  be  avoided, 
inasmuch  as  the  agar  itself,  since  it  is  a  com- 
plex carbohydrate,  may  split  off  some  sugar. 

It  is  often  preferable  to  make  the  plain  lac- 
tose agar  and  to  add  to  the  tubed  and  ster- 
ilized medium,  whenever  needed,  by  means  of 
a  sterile  pipette,  a  sterile  litmus  solution. 
Obviously  other  indicators,  such  as  rosolio 
acid,  neutral  red,  etc.,  may  be  added  in  the 
same  way. 

Glycerin  Agar.— To  the  ordinary 
nutrient  agar  prepared  as  above,  five 
per  cent,  of  glycerin  is  added.  The 
addition  of  glycerin  serves  to  keep 
the  surface  of  the  medium  moi.st, 
,  and  at  the  same  time  imparts  nutri- 
tive qualities  to  the  agar.  Tliis  medium  is  very  valua- 
ble for  the  growth  of  diphtheria,  glanders,  pneumonia, 
and  tubercle  bacilli. 

Mannite  ^g'ar.— Mannite,  which  like  glycerin  is  a 
polyatomic  alcohol,  was  first  used  by  Norris  and  Hiss  as 
a  means  of  differentiating  the  typhoid  from  the  dysen- 
tery bacillus.     The  latter  organism  does  not 
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give  rise 


to  acid  production  when  grown  on  mannite  media, 
whereas  the  typhoid  bacillus  does.  The  agar  should  be 
prepared  from  sugar-free  bouillon,  and  to  it  one  or  two 
per  cent,  of  mannite  is  then  added.  Litmus  may  be 
added  to  the  bulk  medium  before  it  is  tubed,  or  the 
sterile  litmus  solution  may  be  added  to  the  sterile  tubed 
agar  by  means  of  a  pipette  whenever  needed. 

Pfeiffer'.i  Blood  Agar. — This  is  made  by  spreading 
over  the  surface  of  ordinary  inclined  agar  a  few  drops 
of  human  blood.  On  the  surface  thus  prepared  one  is 
able  to  cultivate  the  influenza  bacillus.  The  blood  from 
the  lower  animals  can  be  used  in  like  manner  to  good 
advantage. 

The  human  blood  required  for  this  and  similar  pur- 
poses can  be  drawn  without  difficulty  by  means  of  a 
sterile  syringe  from  the  large  median  vein  just  below 
the  flexure  of  the  elbow.  The  superficial  circulation 
should  first  be  impeded  by  means  of  a  rubber  tube 
tied  about  the  middle  of  the  arm.  The  surface  of  the 
skin  o\er  the  vein  to  be  punctured  is  thoroughly  cleaned 
by  means  of  a  disinfecting  solution,  such  as,  mercuric 
chloride  or  lysol.  The  needle  of  the  sterile  syringe  is 
then  introduced  into  the  vein,  and  as  the  piston  is 
slowly  withdrawn  the  syringe  fills  with  blood.  Five  or 
ten  cubic  centimetres  of  blood  can  thus  be  obtained  in 
a  few  minutes.  When  the  needle  is  withdrawn  a  com- 
press of  cotton,  soaked  in  mercuric  chloride,  should  be 
applied  to  the  wound.  The  blood  must  be  at  once 
transferred  to  either  the  surface  of  inclined  agar  or  to 
previously  melted  agar,  cooled  to  50°  C.  In  the  latter 
case  it  is  mixed  at  once,  and  the  tube  is  then  set  aside 
in  an  inclined  position  to  solidify. 

Blood-agar  Mixture. — As  just  described,  human  blooil 
may  be  mixed  with  melted  agar,  cooled  to  50°  C,  after 
which  the  rnixture  may  be  allowed  to  soUdify  in  an  in- 
clined position.  For  diagnostic  purposes  this  procedure 
has  been  utilized  to  detect  the  presence  in  the  blood  of 
typhoid  bacilli,  gonococci,  and  other  organisms.  In- 
stead, however,  of  allowing  the  blood  mixture  to  solid- 
ify in  the  tube  it  is  poured  out  into  a  sterile  Petri  dish, 
and  in  this  way  a  blood-agar  plate  is  obtained,  on  which 
eventually  colonies  of  the  suspected  organism  may  de- 
velop. The  presence  of  a  very  few  organisms  can  thus 
be  detected  in  1  or  2  c.c.  of  blood,  which  would  not  be 
possible  by  direct  examination  or  by  staining.  The 
amount  of  blood  which  is  added-  to  the  agar  may  be 
varied  according  to  circumstances.  Thus  it  may  be 
one  to  four,  one  to  two,  or  even  one  to  one. 

Blood  from  the  lower  animals  can  be  drawn  under 
strictly  aseptic  conditions  into  sterile  Nuttall's  blood 
pipettes,  or  into  the  modified  form  of  Novy,  shown  in 
Fig.  5067.  This  can  be  easily  made  from  test  tubes  of 
various  sizes,  according  to  the  kind  of  animal  to  be  bled. 
Thus  a  five-eighths  by  five-inch  test  tube  may  be  used 
for  bleeding  a  mouse  or  rat,  while  a  one-  by  eight-inch 
tube  would  be  used  in  the  case  of  a  rabbit.  The  bottom 
of  the  test  tube  and  the  end  of  a  piece  of  glass  tubing 
are  softened  in  the  flame  of  a  blast  lamp  and  then 
brought  together.  A  narrow  blast  flame  is  then  di- 
rected against  the  test  tube  about  an  inch  from  the  bot- 
tom. On  slow  rotation  in  a  horizontal  position  a  thick- 
ened constriction  results,  and  as  soon  as  this  is  suffi- 
ciently thick  the  two  ends  are  drawn  apart  slowly.  A 
tapering  capillary  results,  \.hich  is  then  sealed  in  the 
flame  at  a  point  about  two  inches  from  the  tube  proper. 
The  tube  is  then  plugged  with  cotton  and  sterilized  by 
dry  heat.  When  it  is  desired  to  prepare  sterile  defibri- 
natcd  blood  a  drawn-out  tube  or  a  narrow  glass  rod  is 
passed  through  the  centre  of  the  plug.  By  moving  this 
about,  after  the  blood  has  been  received  in  the  pipette, 
complete  defibrination  can  be  obtained,  and  that  with- 
out any  contamination  from  the  outside. 

In  the  case  of  the  larger  animals  the  blood  is  best 
drawn  from  the  carotid  artery.  For  this  purpose  the 
animal  is  anoesthetized  and  the  artery  exposed  for  about 
an  inch.  After  the  first  incision  it  is  advisable  to  avoid 
the  use  of  cutting  instruments,  and  instead  to  separate 
the  tissues  with  the  fingers.     Pressure  forceps  is  then 
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applied  at  the  distal  end  of  the  artery.  Another  pair  is 
then  applied  about  an  inch  below  this  point.  A  finger  is 
then  placed  under  the  clamped  portion  of  the  artery  and 
a  very  slight  opening  is  made  into  the  blood-vessel. 
The  blades  of  a  very  narrow-pointed  pair  of  forceps  are 
then  introduced  into  the  opening,  and,  when  distended, 
the  tip  of  the  sterile  blood  pipette  can  readily  be  intro- 
duced. Before  this  is  done,  however,  the  tip  should  be 
scratched  with  a  file,  then  broken  off,  and  the  open  end 
should  be  flamed  for  a  moment  to  insure  sterility  and  to 
round  off  the  sharp  edge.  As  soon  as  the  pipette  is  in 
position  the  lower  clamp  is  removed,  when  the  blood 
rapidly  rises  in  the  tube.  If  defibrinated  blood  is  de- 
sirsd,  the  blood  should  be  stirred  by  an  assistant.  When 
serum  is  wanted,  this  stirring  is  omitted.  As  soon  as 
blood  ceases  to  flow,  the  pipette  is  removed  and  the  tip 
is  sealed  in  the  blast  lamp. 

Obviously  in  the  case  of  small  animals,  such  as  the 
mouse  or  rat,  this  procedure  is  not  app'icable.  The 
blood  may  be  drawn  up  into  u  syringe  from  the  artery. 
A  much  better  way,  however,  which  has  been  used  for 
several  years  in  the  author's  laboratory,  is  to  take  the 
blood  directly  from  the  heart  into  a  small  pipette  of  the 
same  form  as  that  used  for  the  larger  animals.  For  this 
purpose  the  thorax  is  opened,  the  heart  is  freed  from  the 
pericardium  and  raised  by  means  of  oval-tipped  forceps. 
The  end  of  the  pipette  is  then  introduced  into  the  right 
ventricle.  Suction  may  be  apphed  to  the  end  of  the 
pipette  in  order  to  obtain'the  fullest  possible  yield. 

Blood  can  be  drawn  from  very  large  animals,  such  as 
the  horse,  by  introducing  a  trocar  into  the  jugular  vein. 
This  is  the  procedure  which  is  followed  in  the  prepa- 
ration of  antitoxins.  The  trocar  is  connected  by  means 
of  a  short  rubber  tube  with  a  glass  tube,  which  is  in- 
serted into  the  receiving  cylinder.  In  this  way  several 
litres  of  blood  can  be  drawn  from  the  horse  at  each 
bleeding. 

In  ordinary  laboratory  work  the  Wood  which  has  been 
collected  in  •  the  glass  pipettes  is  then  transferred  to 
melted  agar,  which  has  been  previously  cooled  in  the 
water-bath  to  50°  C.  The  amount  of  blood  which  is 
added  to  each  tube  will  vary  with  the  purpose  in  view. 
It  may  be  one  part  of  defibrinated  blood  to  ten  of  agar, 
or  one  to  five,  one  to  two,  or  one  to  one,  as  the  case 
may  be.  Exceptionally  mixtures  of  two  to  one  and 
three  to  one  are  used.  The  blood  is  then  mixed  with 
the  agar  and  the  tubes  are  set  aside  to  solidify  in  an  in- 
clined position.  The  transfer  of  the  blood  to  the  tubes 
is  best  accomplished  by  means  of  a  sterile  drawn-out 
bulb  pipette,  such  as  is  shown  in  Fig.  5096,  e. 

The  blood  agar  thus  prepared  requires  no  further 
sterilization,  for  if  the  operation  has  been  properly 
carried  out  no  organisms  will  be  present.  The  tubes 
can  be  used  for  culture  purposes  at  once,  or  they  may 
be  kept  for  several  days  to  allow  any  organisms  which 
might  be  present  to  develop.  This  blood  medium  is  in- 
valuable for  the  cultivation  of  various  pathogenic  or- 
ganisms. On  such  media  it  has  been  possible,  for  ex- 
ample, to  grow  for  the  first  time  pathogenic  protozoa^ 
Trypanosoma  lewisi  of  rats  and  Trypanosoma  brucei, 
the  cause  of  nagana  or  the  tsetse-fly  disease  (Novy 
and  McNeal). 

Novy  and  McNeal's  Blood  Agar  for  Trypanosomes. — 
Novy  and  McNeal  have  succeeded  in  cultivating,  a  num- 
ber of  the  Trypanosomata  (Tr.  lewisi,  Tr.  brucei,  Tr. 
evansi,  and  others)  upon  a  specially  prepared  artificial 
medium.  It  is  made  as  follows :  125  gm.  of  rabbit  or 
beef  meat  is  extracted  in  1,000  c.c.  of  distilled  water; 
add  two  per  cent,  of  Witte's  peptone,  one-half  per  cent, 
of  salt ;  and  two  per  cent,  of  agar.  Then  make  alka- 
line by  adding  10  c.c.  of  normal  sodium  carbonate.  The 
agar  thus  prepared  is  tubed  and  steriHzed  in  an  auto- 
clave at  110°  C.  for  thirty  minutes. 

When  cooled  to  about  50°  C,  two  volumes  of  defib- 
rinated rabbit's  blood  are  added  and  the  mixture  is 
allowed  to  solidify  in  an  inchned  position.  After  the 
agar  has  sohdified,  the  water  of  condensation  which 
settles  at  the  bottom  of  the  tube  is  inoculated  with  a 


drop  of  freshly  drawn  blood  from  the  infected  animal. 
The  above  investigators  found  that  even  the  first  gen- 
eration thrives  upon  this  medium  and  transfers  grow 
lu.xuriantly. 

Serum  Agar. — This  is  made  by  adding  variable 
amounts  of  sterile  serum  to  the  melted  agar,  which  has 
been  cooled  to  50°  C.  in  the  water-bath.  The  serum 
can  be  obtained  by  collecting  the  blood,  as  given  above, 
in  sterile  pipettes.  The  blood  is 
allowed  to  clot,  and  eventually 
when  the  serum  has  separated 
it  can  be  drawn  up  into  sterile 
bulb  pipettes  anil  transferred  to 
the  melted  agar.  The  largest 
yield  of  serum  is  obtained  by 
using  the  Latapie  pipette  shown  in 
Fig.  5068.  This  consists  of  an  inner 
tube,  which  is  freely  perforated  and 
the  narrow,  outer  end  of  which  is 
drawn  out  into  a  capillary  for 
insertion  into  the  blood  -  vessel. 
This  tube  is  held  in  position  with- 
in the  outer  one  by  means  of  a 
rubber  stopper.  The 
outer  receiving  tube, 
which  is  about  an  inch 
in  diameter,  is  provid- 
ed with  two  side  tubes, 
one  of  which  is  drawn 
out  and  sealed  while  the  other  is 
plugged  with  cotton.  The  entire 
pipette  is  first  sterilized  by  steam- 
ing in  an  autoclave.  The  tip  of 
the  inner  tube  is  then  broken, 
flamed,  and  inserted  into  the 
carotid  artery  of  a  rabbit  or  other 
animal.  The  blood  should  not 
fill  the  pipette  beyond  the  inner 
tube.     The  tip  is  then  sealed  and 


Fig.  5068.— Blood  Pipette 
of  Latapie. 


the  pipette  is  allowed  to  remain  in  a  vertical  position 
until  the  blood  has  firmly  clotted.  It  is  then  in- 
verted and  the  serum,  as  it  is  squeezed  out  of  the 
clot,  falls  to  the  bottom.  The  purpose  of  the  per- 
forated inner  tube  is  to  allow  more  complete  shrink- 
ing of  the  clot.  The  serum  drains  away  at  once  from 
the  clot,  and  is  therefore  perfectly  clear.  When  it  is 
desired  to  remove  the  serum  the  tip  of  the  side  tube  is 
scratched  with  a  file,  then  broken  off,  and  the  end  is 
flamed  to  insure  absence  of  bacteria.  The  tube  is  then 
inserted  into  a  sterile  test  tube  or  flask  and  by  blo\\ing 
into  the  other  side  tube  the  serum  is  forced  out.  It  can 
then  be  distributed  to  the  agar  tubes  by  means  of  a 
sterile  bulb  pipette.  These  are  then  allowed  to  solidify 
in  an  inclined  position.  As  in  the  case  of  blood  agar 
the  medium  prepared  in  this  way  is  perfectly  sterile,  if 
the  manipulation  is  properly  carried  out.  Inasmuch 
as  sterilization  by  heat  is  avoided,  the  proteid  constitu- 
ents of  the  serum  remain  in  as  near  to  the  native  con- 
dition as  possible.  Such  serum  agar  makes  an  ex- 
cellent medium  for  the  pneumococcus  and  for  other 
organisms.  Obviously,  serum-agar  plates  can  be  pre- 
pared, if  it  is  so  desired,  in  which  case  the  melted  and 
cooled  agar  is  inoculated  with  the  organism  to  be  cul- 
tivated, after  which  the  serum  is  added  and  mixed  with 
the  agar,  which  is  then  poured  out  into  sterile  Petri 
dishes. 

Serum  agar,  made  by  adding  human  blood  serum  to 
melted  agar,  has  been  used  for  the  cultivation  of  the 
gonococcus  (Wertheimer) .  Ascitic  or  pleuritic  fluid  may 
also  be  added  to  agar  in  tlie  proportion  of  one  part  of 
the  fluid  to  two  parts  of  the  agar.  Such  agar  is  used 
especially  for  the  cultivation  of  the  gonococcus.  The 
ascitic,  pleuritic,  or  hydrocele  fluids  may  be  sterilized 
by  fractional  sterilization  or  by  filtration  through  a 
Berkefeld  filter  under  pressure. 

Wassermann's  Serum-nutrose  Agar. — This  also  has 
been  found  useful  for  cultivating  the  gonococcus.  Five 
cubic  centimetres  of  hog  serum   is  added  to   30  to  35 
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c.c.  of  vv-ater,  2-3  o.c.  of  glycerin,  and  0.8-0.9  gm.  of 
nutrose.  Nutrose  is  a  sodium-pliospliate  casein  com- 
pound, and  when  added  to  serum  prevents  coagulation 
on  boiling.  The  solution  is  boiled  for  twenty  minutes, 
after  which  it  is  added  in  equal  parts  to  two  per  cent, 
peptone  agar  in  test  tubes.  This  mixture  is  then  poured 
into  Petri  dishes.  Nutrose  has  been  used  also  in  the 
preparation  of  the  Drigalski-Conradi  agar.  Hog  serum, 
which  is  said  to  be  as  good  as  human  serum  for  cidti- 
vating  the  gonocoocus,  has  been  employed  also  by  Thal- 
mann. 

Drigalski-Conradi  Agar. — This  is  a  meat-peptonc- 
nutrose  agar  containing  lactose,  htmus,  and  crystal  ^'io- 
let.  The  preparation  "is  as  follows:  1.  A  mixture  of 
three  pounds  of  meat  and  two  litres  of  water  is  allowed 
to  stand  for  twenty-four  hours ;  the  expressed  meat 
juice  is  then  boiled  for  one  hour  and  filtered.  To  the 
filtrate  are  added  20  gm.  of  \\'itte's  peptone,  20  gm.  of 
nutrose,  10  gra.  of  sodium  chloride,  and  the  whole  is 
boiled  for  one  hour  and  filtered.  To  this  filtrate  60  gm. 
of  agar  is  added  and  the  liquid  is  boiled  for  three  hours, 
or  one  hour  in  an  autoclave.  It  is  then  rendered  alka- 
line to  htmus  paper,  boiled  half  an  hour,  and  filtered. 
2.  A  solution  of  litmus  is  prepared  according  to  Kubel- 
Tiemann  as  follows :  The  powdered  commercial  litmus 
is  repeatedly  extracted  with  hot  distilled  water.  The 
liquid  is  acidulated  with  dilute  acetic  acid  and  evapo- 
rated to  syrupy  consistence  on  a  water-bath.  The  thick 
fluid  is  then  diluted  by  the  gradual  addition  of  ninety- 
per-cent.  alcohol,  transferred  to  a  flask,  and  an  excess  of 
ninety-per-cent.  alcohol  is  added.  This  precipitates  the 
blue  pigment,  while  the  red  dye  and  the  potassium  ace- 
tate remain  in  solution.  The  precipitate  is  filtered  and 
washed  \yith  alcohol,  then  dissolved  in  distilled  water, 
after  which  the  solution  is  warmed  and  filtered.  The 
filtrate  is  then  added  gradually  to  very  dilute  sulphuric 
acid  (one  or  two  drops  of  acid  to  200  c.c.  of  water)  till 
the  color  changes  to  a  wine  red.  The  concentrated  blue 
is  then  added  till  the  blue  color  is  restored ;  260  c.c.  of 
this  litmus  solution  is  boiled  for  ten  minutes,  then  30 
gm.  of  pure  lactose  is  added,  and  the  boiling  is  con- 
tinued for  fifteen  minutes.  3.  The  hot  litmus  is  added 
to  the  hot  agar,  mixed,  and  the  reaction  is  made  slightly 
alkaline ;  4  c.c.  of  a  hot  sterile  solution  of  ten-per-cent. 
anhydrous  soda  and  20  c.c.  of  a  freshly  prepared  solution 
of  0.1  gm.  of  crystal  violet  in  100  c.c.  of  warm  sterile 
water  are  then  added,  after  which  the  material  is  filled 
into  tubes  or  flasks.  Excessive  heating  should  be 
avoided,  inasmuch  as  it  alters  the  lactose.  The  crystal 
violet  is  intended  to  restrict  the  development  of  the  un- 
important bacteria. 

The  Drigalski-Conradi  medium  has  been  recommended 
for  the  isolation  of  the  typhoid  bacillus.  For  this  pur- 
pose the  fa?ces  should  be  diluted  with  ten  to  twenty  vol- 
umes of  salt  solution.  The  authors  employ  large  plates, 
15-20  cm.  in  diameter.  The  agar  is  poured  into  the 
dishes  to  a  depth  of  at  least  2  mm.,  and  the  cover  is  then 
kept  off  till  the  moisture  has  dried  from  the  surface  of 
the  agar.  By  means  of  a  5-mm.  glass  rod,  bent  at  right 
angles  and  previously  dipped  in  the  suspension,  a  series 
of  streaks  are  made  over  a  number  of  the  dishes.  The 
inoculated  plates  are  then  kept  at  37°  C.  for  twenty-four 
hours.  The  colon  colonies  are  large,  opaque,  and  red, 
while  the  typhoid  are  small,  glassy,  and  resemble  dew- 
drops.  The  further  identification  of  the  suspected 
colony  is  made  by  applying  the  agglutination  test  and 
by  growing  in  Rothberger's  neutral  red  agar. 

MacConkey's  Bile-salt  .-l^ac— This  medium  is  pre- 
pared by  dissolving  one  and  one-half  or  two  per  cent, 
of  agar  in  bile-salt  bouillon  stock  solution  (sec  above). 
If  necessary  clear  with  egg-alburain.  Neutral  red  and 
a  given  sugar  are  then  added,  as  in  the  case  of  the  broth 
preparation.  It  is  used  in  the  examination  of  fares, 
sewerage,  etc.,  for  intestinal  bacteria.  The  method  of 
procedure  is  practically  the  same  as  that  given  under 
the  Drigalski  and  Conradi  medium.  The  growth  of 
most  bacteria  is  inhibited,  while  that  of  B.  coh  and  B. 
typhosus  is  not.     Colonies  of   acid-producing  bacteria 


appear  rose-red  in  color.  Alkali  gives  a  yellow-red  with 
this  indicator  on  plates.  Other  modifications  are  used 
by  water  analysts. 

Matzuschita's  Liver-gall  Agar. — This  medium  is  es- 
pecially recommended  for  the  cultivation  of  the  intes- 
tinal flora.  It  is  prepared  as  follows:  Take  500  gm.  of 
finely  chopped  ox-liver ;  30  gm.  peameal ;  add  one  litre 
of  distilled  water  and  cook  until  the  soluble  constitu- 
ents are  extracted.  The  residue  is  removed  by  strain- 
ing through  muslin,  and  to  the  filtrate  add  7  gm.  pep- 
tone, 5  gm.  sodium  chloride,  and  0.2  gm.  hydrochloric 
acid.  The  whole  is  carefully  shaken  and  then  allowed 
to  stand  at  37°  C.  for  three  hours.  After  this  600  gm. 
of  ox-gall  is  added,  and  the  whole  is  again  allowed  to 
stand  for  three  hours  at  incubator  temperature.  It  is 
then  heated  for  some  time,  filtered,  and  sufficient  agar 
(two  per  cent.)  is  added  to  give  solid  medium.  Filter, 
place  in  tubes,  and  sterilize.  This  medium,  notwith- 
standing the  addition  of  the  hydrochloric  acid,  re- 
mains slightly  alkaline.  Matzuschita  recommends,  for 
the  culture  of  intestinal  bacteria,  that  the  medium  be 
neutral  or  very  slightly  acid. 

Gelatin  Agar. — Several  formulas  have  been  proposed 
for  the  preparation  of  this  medium.  Each  finds  its  spe- 
cial application.  That  of  Capaldi  was  recommended  for 
the  isolation  of  the  typhoid  bacillus  from  faeces.  It  is 
made  by  dissolving  20  gm.  of  AN'itte's  peptone,  10  gm.  of 
gelatin,  10.  gm.  of  glucose  or  of  mannite,  5  gm.  of  so- 
dium chloride,  and  5  gm.  of  potassium  chloride  in  1,000 
c.c.  of  water.  The  solution  is  filtered  and  two  per  cent, 
of  agar  is  added  and  dissolved  by  boiling,  after  which  it 
is  rendered  alkaline  by  the  addition  of  10  c.c.  of  normal 
alkali.  The  filtered  solution  is  then  tubed  and  sterilized 
by  steaming. 

Beer-wort  Agar. — Wort  is  of  particular  value  in  the 
cultivation  of  yeasts  and  it  is  also  used  in  the  study  of 
certain  bacteria.  It  may  be  used  in  the  fluid  form,  or 
solidified  by  means  of  either  gelatin  or  agar.  Eyre  re- 
commends its  preparation  by  taking  250  gm.  of  crushed 
malt  and  placing  it  in  a  two-litre  flask  with  1,000  c.c. 
distilled  water.  The  mixture  is  first  heated  up  to  70°  C. 
in  the  stoppered  flask,  then  placed  in  a  constant-tem- 
perature water-bath,  and  allowed  to  macerate  at"  60°  C. 
for  one  hour.  The  fluid  portion  is  separated  by  strain- 
ing through  muslin ;  then  it  is  heated  for  thirty  minutes 
in  a  steam  sterilizer  and  followed  by  filtration.  The  nat- 
ural reaction  of  the  resulting  wort  is  left  unchanged. 

In  case  the  solid  preparation  is  desired,  add  two  per 
cent,  agar  and  proceed  the  same  as  in  the  preparation 
of  nutrient  agar.  Sterilization  is  carried  out  by  placing 
in  a  steam  sterilizer  at  100°  C.for  twenty  minutes  on  each 
of  three  consecutive  days. 

Stoddart's  medium  is  a  gelatin  agar  which  contains  five 
per  cent,  of  gelatin,  one  per  cent,  of  peptone,  and  a  ha'.f 
per  cent,  each  of  agar  and  of  salt.  A  litre  of  meat  ex- 
tract is  prepared  in  the  usual  way.  In  this  10  gm.  of 
peptone  and  5  gm.  of  salt  are  dissolved,  and  the  solution 
is  then  divided  into  two  parts.  To  one  portion  ten  per 
cent,  of  gelatin  is  added,  and  when  this  has  dissolved, 
the  solution  is  neutralized  and  an  excess  of  10  c.c.  of 
normal  alkali  per  litre  is  added.  The  other  half  of  the 
meat  extract  is  likewise  neutrahzed,  and  then  10  c.c.  of 
the  normal  alkali  is  added  per  Utre  to  impart  the  req- 
uisite reaction.  The  liquid  is  then  measured  or  weighed, 
boiled,  and  filteretl.  Five  grams  of  cut  agar  is  added 
to  the  bouillon,  which  is  then  boiled  until  the  agar  dis- 
solves. Distilled  water  is  added  to  make  up  to  the 
original  volume  or  weight,  after  which  the  two  liquids 
are  combined  and  allowed  to  sediment.  The  entire  prod- 
\ict  is  finally  filtered  through  cotton  or,  better,  through 
paper.  The  medium  is  filled  into  tubes  which  are  then 
steamed  for  fifteen  minutes  on  each  of  three  consecutive 
ilays.  To  use  this  medium,  it  is  poured  out  into  sterile 
Petri  dishes,  and  when  solidified  the  centre  is  touched 
with  the  organism  to  be  tested.  The  typhoid  bacillus, 
on  account  of  its  motility,  spreads  rapidly  over  the  sur- 
face as  an  almost  transparent  growth  whereas  that  of 
the  colon  bacillus  spreads  less  and  iseasily  visible. 
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Giiarnieri's  gelatin  agar  is  made  in  a  somewhat  similar 
manner.  Three  grams  of  powdered  agar  is  emulsified 
with  50  c.c.  of  distilled  water,  and  this  is  then  added  to 
a  solution  of  50  gm.  of  gelatin  in  750  c.c.  of  meat  ex- 
tract. The  whole  is  boiled  till  the  agar  has  dissolved, 
when  a  solution  of  25  gm.  of  Witte's  peptone  and  5  gm. 
of  salt  is  added.  The  entire  liquid,  which  now  makes 
up  to  one  litre,  is  then  carefully  neutralized  with  normal 
alkali,  using  litmus  as  an  indicator.  The  medium  is 
tubed  and  sterilized  as  usual.  It  has  been  used  to  ad- 
vantage in  the  cultivation  of  the  pneumococcus. 

Weil's  Meat-potato  Agar. — The  potato  juice  is  pre- 
pared as  in  the  method  of  Holz  or  Eisner;  300  c.c.  of 
this  is  added  to  200  c.c.  of  slightly  alkaline  bouillon; 
3.75  gm.  of  agar  is  then  dissolved  in  the  liquid,  thus 
yielding  a  0.75-per-cent.  agar  solution.  The  typhoid 
bacillus  presents  threaded  colonies  on  this  medium,  the 
same  as  in  Eisner,  Hiss,  and  Piorkowski  media. 

Substitutes  for  the  Meat  Infusion. — In  the  preparation 
of  the  foregoing  media  a  meat  infusion  serves  as  the 
basis  in  each  case.  In  special  instances,  but  not  as  rou- 
tine procedure,  these  media  may  be  modified  by  using 
the  commercial  Liebig's  beef  extract  in  place  of  the  meat 
infusion.  The  chief  advantage  lies  in  the  fact  that  the 
beef  extract  can  be  kept  always  on  hand.  At  the  same 
time  it  must  be  remembered  that  media  made  up  with 
such  extract  are  by  no  means  as  nutritious  as  those 
made  up  with  the  meat  infusion.  The  amount  of  Lie- 
big's extract  which  is  used  varies  with  different  workers. 
In  general,  from  1  to  3  gm.  is  added  to  one  litre  of 
water ;  5  and  even  10  gm.  may  be  used.  To  this  solu- 
tion peptone  and  salt  may  be  added  in  the  usual  amounts. 
The  liquid  when  rendered  alkahne  and  filtered  consti- 
tutes a  Liebig's-extract  bouillon.  In  the  same  way 
gelatin  and  agar  media  are  prepared. 

Peptone  Substitutes. — Several  compounds  have  been 
suggested  as  substitutes  for  Witte's  peptone.  In  Mar- 
tin's and  Peokham's  bouillon  and  in  Deycke's  agar  this 
peptone  is  replaced  by  that  which  is  formed  by  the  di- 
gestion of  the  muscle  tissue.  In  other  media  deriva- 
tives of  albumen  or  casein  are  employed.  Heyden's 
"  Nahrstoff  ''  is  a,  digested  egg  albuminate,  while  nut- 
rose  is  a  casein  compound.  The  addition  of  lecithin, 
protogen,  and  hamoglobin,  etc.,  is  made  with  the  ob- 
ject of  improving  the  nutritive  qualities  of  the  media. 

Hiss'  Tube  Medium. — This  is  used  as  a  means  of  test- 
ing for  the  typhoid  bacillus.  It  is  made  by  adding  5 
gm.  of  Liebig's  extract,  5  gm.  of  salt,  and  5  gm.  of  agar 
to  1,000  c.c.  of  water.  The  mixture  is  then  heateduntil 
the  agar  has  dissolved,  after  which  the  water  which  is 
lost  by  evaporation  is  replaced  and  then  eight  per  cent, 
gelatin  is  added.  As  soon  as  the  gelatin  has  dissolved, 
the  hquid  is  partially  neutralized  by  the  addition  of  nor- 
mal alkah.  The  reaction  is  left  acid,  and  to  such  an 
extent  that  it  vi^ould  require  15  c.c.  of  normal  alkali  per 
litre  to  make  the  solution  neutral  to  phenolphthalein. 
The  hquid  is  then  cooled  to  60°  C.  and  cleared  by  the 
addition  of  the  white  of  an  egg  stirred  up  in  about  25 
c.c.  of  water.  The  liquid  is  then  boiled  for  a  few  mm- 
utes,  after  which  10  gm.  of  glucose  is  added.  After 
sedimentation  at  50°  C.  the  medium  can  be  filtered 
through  paper  or  cotton  and  tubed.  This  medmm  is 
used  only  for  stab  cultures.  Diffusion  of  the  growth 
through  the  medium  in  the  case  of  very  motile  organ- 
isms, such  as  the  typhoid  bacillus  and  the  production  or 
absence  of  gas,  are  the  criteria  sought  for. 

Hiss'  Plate  Medium.— B.iss  utilized  the  tendency  ot 
the  typhoid  bacillus  to  form  threaded  colonies  when 
grown  on  soft  media,  as  a  means  of  differentiation  from 
the  colon  bacillus.  The  medium,  as  first  proposed,  con- 
tained 15  gm.  of  agar,  15  gm.  of  gelatin,  5  gm.  each  ot 
Liebig's  extract  and  of  sodium  chloride,  10  gm.  of  dex- 
trose and  1 ,000  c.c.  of  distilled  water.  This  was  cleared 
by  the  addition  of  the  whites  of  two  eggs  and  Wtered 
through  absorbent  cotton.  The  reaction  was  left  acid 
and  of  such  extent  that  it  would  require  the  addition  of 
2  c  c  of  normal  alkah  to  make  it  neutral  to  phenolphtha- 
lein     Subsequently  Hiss  made  various  modifications  ot 


this  formula,  eliminating  the  unnecessary  constituents. 
■The  simplest  combination,  which  was  found  to  give  ex- 
cellent results,  was  made  by  adding  15  gm.  of  agar  and 
5  gm.  of  Liebig's  extract  to  1,000  c.c.  of  distilled  water. 
No  acid  or  alkali  was  added.  The  medium  was  cleared 
by  the  whites  of  two  eggs  and  filtered  through  cotton. 
Plate  cultures,  made  at  37°  C,  show  excellent  differen- 
tiation between  the  colonies  of  typhoid  and  colon  bacilli 
in  twenty-four  hours.  The  former  show  threaded  colo- 
nies, the  latter  do  not. 

Hesse's  Nakrstoff-Heyden  Agar.  —  The  "  Nahrstoff- 
Heyden  "  is  an  albumose  made  from  egg-albumin.  It 
should  first  be  stirred  up  in  a  beaker  with  a  little  water, 
and  then  added  to  the  liquid.  For  cultivating  the  tu- 
bercle bacillus  the  medium  consists  of:  5  gm.  Nahrstoff- 
Heyden,  5  gm.  salt,  30  gm.  glycerin,  10  gm.  agar,  and 
1,000  c.c.  of  distilled  water;  5  c.c.  of  normal  soda  solu- 
tion is  added.  The  latter  represents  a  14.3  per  cent, 
of  the  crystalline  salt  (NajCOa  + 10  HjO)  and  not  28.6 
per  cent.,  as  stated  by  Hesse.  The  Hesse-Niedner  agar, 
which  has  been  recommended  for  the  study  of  water 
bacteria,  is  made  by  dissolving  7.5  gm.  of  Nahrstoff- 
Heyden  and  12.5  gm.  of  agar  in  1,000  c.c.  of  distilled 
water.  Gage  and  Phelps  dissolve  one  per  cent,  each 
of  agar  and  of  the  Nahrstoff  in  1,000  c.c.  of  distilled 
water,  and  make  the  solution  neutral  to  phenolphthalein. 

Blood  Serum. — The  preparation  of  serum  from  small 
animals  has  been  described  at  length  under  serum  agar. 
When  it  is  desirable  to  use  large  quantities  of  serum  it  is 
advisable  to  collect  ox  blood  at  a  slaughter-house.  The 
more  care  taken  in  collecting  the  blood  under  aseptic  con- 
ditions the  less  troublesome  will  be  the  subsequent  ster- 
ilization. A  convenient  receptacle  is  a  half-gallon  bat- 
tery jar  covered  with  paper  and  previously  sterihzed. 
■The  spurting  blood  is  received  directly  into  the  jar, 
after  which  t)ie  paper  cap  is  replaced  and  the  blood  set 
aside  until  it  firmly  clots.  It  can  then  be  transported 
to  the  laboratory  and  set  aside  in  a  cool  place  for  the 
serum  to  separate.  The  serum  can  then  be  drawn  up 
by  means  of  an  aspirator  into  a  sterile  globe  receiver, 
such  as  is  shown  as  a  part  of  Fig.  5072.  It  can  then  be- 
conveniently  filled  into  test  tubes  or  into  flasks. 

The  earHest  method  of  sterihzing  blood  serum  is  that 
of  Koch  by  fractional  heating.  The  tubes  are  placed 
in  an  inclined  position  in  a  serum  coagulator  shown  in_ 
Fig.  5069.     The  Roux  water- bath,  shown  in  Fig.  5075, 


Fig.  5069.— Koch's  Blood-Serum  Coasulator. 

is  particularly  useful  for  this  purpose.  The  serum  tubes 
are  immersed  in  the  water  at  58°  C.  and  are  heated 
for  an  hour  at  58°  C.  on  each  of  seven  successive 
days.  This  low  temperature  is  selected  in  order  to 
accomplish  the  sterilization  and  yet  keep  the  serum  in  a 
fluid  condition.  LTnfortunately  bacteria  may  be  present 
in  the  serum  which  will  actually  grow  at  the  tempera- 
ture employed,  and  in  that  case  this  method  of  steriliza- 
tion is  inapplicable.  Some  have  endeavored  to  obviate- 
this  difficulty  by  filtering  the  serum  through  a  Berkefeld 
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bougie.  Martin  suggested  that  one  to  two  per  cent,  of 
chloroform  be  added  to  the  serum,  which  is  then  set 
aside  for  several  months,  after  which  the  chloroform  can 
be  driven  off  by  heating  at  65°.  Fraenkel  dispensed 
with  the  sterilization,  relying  entirely  upon  the  aseptic 
■collection  of  the  serum.  When  the  serum  is  collected 
with  the  care  outlined  above,  it  will  be  found  that  very 
few  bacteria  are  present.  Consequently  after  the  tubes 
Tiave  been  filled  with  the  serum  they  may  be  incubated 
-for  several  days,  and  at  the  end  of  that  time  the  con- 
taminated ones  can  be  discarded.  This  procedure  is 
preferable  to  those  just  given.  The  sterile  serum  is  then 
coagulated  in  an  inchned  position  by  raising  the  tem- 
perature of  the  sterilizer  to  65°  C,  and  keeping  it  there 
until  the  serum  has  become  solid.  The  medium  thus 
prepared  is  transparent  and  solid.  When  a  higher  tem- 
perature is  used,  the  serum  coagulates  to  an  opaque  white 
mass. 

Inasmuch  as  the  above  methods  require  much  time 
and  skill  and  are  in  themselves  very  tedious,  they  have 
been  largely  supplanted  by  fractional  sterilization  in 
^team.  .For  this  purpose  the  tubes  are  first  placed  in 
an  inchned  position,  either  in  a  dry-heat  oven,  or,  bet- 
ter, in  the  coagulator,  and -then  heated  to  85°  to  95°  C. 
imtil  firm  coagulation  results.  If  this  is  not  looked 
after,  the  medium  will  be  torn  up  by  gas  bubbles  during 
the  next  step.  The  coagulated-serum  tubes  are  then 
placed  in  wire  baskets  and  steamed,  as  in  the  case  of 
agar,  for  half  an  hour  on  each  of  three  consecutive  days. 
The  medium  thus  prepared  is  fully  as  useful  as  that 
"which  is  transparent. 

Loffler's  Blood  Serum. — This  consists  of  one  part  of  a 
•one-per-cent.  glucose  bouillon  and  of  three  parts  of  blood 
.serum.  This  mixture  is  filled  into  tubes  and  sterilized 
in  the  manner  just  given.  It  is  used  very  extensively 
for  the  diagnosis  of  diphtheria. 

Alkaline  Blood  Serum  (Lorrain  Smith). — To  each  100 
•c.c.  of  blood  serum  add  1.0-1.5  c.c.  of  a  ten-per-cent. 
.solution  of  sodium  hydrate,  and  shake  gently.  Place  in 
tubes  and  sterilize  as  mentioned  under  blood  serum.  A 
clear  sohd  medium  results,  consisting  principally  of  an 
alkali-albumin.  This  medium  is  also  used  in  the  culti-  - 
"vation  of  B.  diphtherias. 

Glycerin  Serum. — Five  per  cent,  or  more  of  glycerin  is 
added  as  in  the  case  of  glycerin  agar.  The  sterilization 
is  the  same  as  that  just  given.  It  is  used  for  the  culti- 
vation of  the  tubercle  bacillus. 

Serum-water  Media. — When  serum  is  diluted  with  five 
to  ten  parts  of  water  it  can  be  sterihzed  by  steaming 
without  coagulation  taking  place.  Hiss  employed  such 
a  medium  in  differentiating  between  the  pneumococcus 
and  streptoccocus ;  also  in  distinguishing  between  the 
dysentery  and  allied  organisms.  He  prepares  the  me- 
dium by  adding  one  part  of  clear  beef  serum  to  two 
parts  of  distilled  water.  The  mixture  is  first  heated  to 
100°  for  a  short  time,  so  as  to  destroy  the  glycolytic 
«nzyme  which  is  present,  after  which  one  per  cent,  of 
the  sugar  desired  is  added.  Dextrose,  galactose,  man- 
nite,  maltose,  lactose,  saccharose,  inulin,  and  dextrin 
Jiave  been  thus  used.  The  medium  is  colored  by  the 
addition  of  one  per  cent,  of  a  five-per-cent.  aqueous  lit- 
mus solution.  The  medium  is  then  tubed  and  steamed 
lor  ten  minutes  on  three  consecutive  days. 

Marmorek's  Media.— In  order  to  maintain  streptococci 
at  their  maximum  virulence  Marmorek  used  several  me- 
dia, preference  being  given  to  them  in  the  following 
order : 

1.  Human  serum  2  parts,  bouillon  1  part. 

2.  Pleuritic  or  ascitic  fluid  1  part,  bouillon  2  parts. 

3.  Serum  of  mule  or  ass  2  parts,  bouillon  1  part. 

4.  Horse  serum  2  parts,  bouillon  1  part. 

These  media  can  be  sterilized  by  fractional  heating  at 
low  temperature,  or,  better,  by  filtration  through  a 
Berkefeld  bougie. 

Thalmann's  serum  bouillon  for  cultivating  the  gono- 
coccus  has  been  mentioned  in  connection  with  his  agar 

Milk.— This  is  an  excellent  medium  for  diagnostic 
purposes.     It  is  advisable  to  use  centrifugated  milk  if 
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possible.  Otherwise  the  whole  milk  is  placed  in  a  beaker 
cr  flask  and  steamed  for  about  half  an  hour.  When 
partially  cooled  it  can  be  poured  into  a  large  separatory 
funnel,  or  into  a  bulb  receiver  shown  as  part  of  Fig. 
5072,  and  allowed  to  stand  thus  overnight.  The  under- 
lying layer  of  fat-free  milk  can  then  be  filled  directly 
into  tubes.  These  are  then  sterilized  by  steaming  half 
an  hour  on  each  of  three  consecutive  days.  When  time 
is  an  object  the  whole  milk  may  be  filled  directly  into 
tubes.  If  desired  the  milk  may  be  colored  with  litmus. 
Instead  of  milk,  whey  may  be  used  to  good  advantage. 
This  can  be  prepared  by  coagulating  the  milk  with  ren- 
net. The  hquid  is  first  separated  by  means  of  cheese- 
cloth and  finally  put  through  paper.  It  is  then  colored 
with  Htmus,  filled  into  tubes,  and  sterilized.  Care  must 
be  taken  not  to  overheat  the  milk  lest  the  lactose  under- 
go more  or  less  oxidation.  Whey-gelatin  and  whey-agar 
are  used  for  special  purposes. 

Petruschky's  Litmus  Whey. — Very  dilute  hydrochloric 
acid  is  added  to  slightly  warmed,  fresh  milk.  The  casein 
is  precipitated  and  removed  by  filtration.  The  acid  is 
just  neutralized  by  the  addition  of  dihite  sodium  hy- 
drate solution,  then  the  fluid  is  steamed  for  two  or  three 
hours,  thus  throwing  out  any  acid  albumin  which  might 
have  been  in  the  solution.  The  fluid  when  filtered  off 
through  paper  should  be  just  neutral  and  colorless.  Lit- 
mus solution  is  added  in  sufficient  quantity  to  give  a 
distinct  tint.     Sterilize  as  in  ordinary  milk  tubes. 

Urine. — By  discarding  the  first  portion  of  urine  which 
is  passed,  the  remainder  can  be  collected  in  sterile  flasks 
and  will  be  free  from  bacteria.  Such  urine  may  be  used 
directly  for  studying  the  various  fermentations  which  it 
may  undergo.  To  prepare  a  urine  gelatin  the  secretion 
should  be  diluted  so  as  to  have  a  specific  gravity  not  to 
exceed  1.010.  Ten  per  cent,  of  gelatin  is  then  added, 
and  when  it  has  dissolved  the  reaction  is  made  to  corre- 
spond to  that  of  the  original  urine.  Heller's  urine  gela- 
tin is  prepared  in  the  same  way,  but  has  one  per  cent, 
peptone  and  a  half  per  cent,  of  salt.  After  solution  the 
liquid  is  rendered  faintly  alkaline,  then  filtered  and 
tubed. 

Piorkowski  Urine  Gelatin. — Normal  urine  of  1.020  spe- 
cific gravity  is  collected  for  two  days,  and  is  allowed  to 
become  sUghtly  alkaline  in  reaction.  Then  1.5  per  cent, 
peptone  and  3.3  per  cent,  gelatin  are  added,  and  the 
mixture  is  heated  for  one  hour  on  the  water-bath,  after 
which  it  is  filtered  and  filled  into  tubes.  These  are  ster- 
ilized by  heating  at  100°  for  fifteen  minutes  on  the  first 
day,  and  for  ten  minutes  on  the  second  day.  The  me- 
dium is  used  to  differentiate  the  typhoid  from  the  colon 
bacillus.  Petri  plates  are  made  and  developed  at  22°  C. 
for  twenty-four  hours.  While  the  colon  colonies  are 
roundish,  finely  granular,  sharp-bordered,  and  yellow- 
ish, the  typhoid  colonies  are  small  and  show  a  more  or 
less  marked  threaded  border.  This  method  has  given 
good  results  in  connection  with  the  examination  of 
typhoid  fseces. 

Urine  Agar. — This  can  be  prepared  by  adding  to  the 
freshly  passed  urine  two  per  cent,  of  finely  cut  agar. 
The  mixture  is  then  boiled  until  solution  results,  when 
it  is  filtered  through  cotton  or  paper  as  in  the  case  of 
ordinary  agar.  This  agar  is  then  filled  into  tubes  and 
sterilized  by  steaming. 

Another  way  of  preparing  a  urine  agar  is  to  collect 
the  urine,  after  discarding  the  first  portion  which  is 
passed,  in  a  sterile  flask,  and  then  to  transfer  it  by  means 
of  a  pipette,  as  in  the  case  of  blood  or  serum,  to  the 
melted  and  cooled  agar.  One  part  of  urine  to  two  parts 
of  agar  is  ordinarily  used.  Normal  or  albuminous  urine 
may  be  used  for  this  purpose,  and  with  very  little  care 
the  urine  can  be  collected  entirely  free  from  bacteria. 
Such  urine  agar  has  been  used  to  advantage  for  growing 
the  gonococcus. 

Ox-bile  Medium. — Conradi,  Coleman,  and  Buxton,  as 
well  as  others,  have  recommended  ox-bile  media  in  mak- 
ing direct  cultural  examinations  of  blood  from  typhoid- 
fever  patients.  Ox  bile  possesses  certain  advantages 
for  this  particular  work  since  it  prevents  coagulation  of 
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blood,  inliibits  the  bactericidal  action  of  freshly  drawn 
blood,  and  at  the  same  time  serves  as  an  excellent  cult- 
ure medium  for  B.  typhosus.  Coleman  and  Buxton 
prepare  their  medium  by  adding  2  gm.  peptone  and  10 
c.c.  glycerin  to  90  c.c.  ox  bile.  The  mixture  is  placed 
in  flasks  of  20  c.c.  each  and  sterihzed.  The  blood  (3  c.c.) 
from  the  patient  is  placed  in  flask,  then  incubated. 
The  organisms  develop  rapidly,  usually  in  from  twelve 
to  fourteen  hours.  Transplants  are  made  to  other 
media  for  further  growth  and  diagnosis. 

Internal  Organs. — For  special  use  the  several  media, 
such  as  bouillon,  agar,  and  gelatin,  may  be  made  up  with 
the  finely  divided  organs  in  place  of  the  minced  meat. 
At  times  the  solid  organs  are  sterilized  and  used  as  such. 
For  this  purpose  the  spleen,  liver,  pancreas,  brain,  in- 
testinal mucosa,  etc.,  have  been  used.  Matzuschita 
recommends  their  use  in  agar  preparations  (as  a  substi- 
tute for  the  ordinary  beef)  for  the  special  study  of  the 
flora  of  the  intestinal  canal.  The  steamed  brain,  for 
example,  when  cut  up  into  slices  and  sterihzed,  can  be 
used  for  cultivating  the  tubercle  bacillus  (Ficker)  and 
also  the  gonococcus  (Thalmann). 

Egg  Media. — Hueppe  first  suggested  the  use  of  fresh 
eggs  as  a  culture  medium.  For  this  purpose  the  shell  is 
thoroughly  cleaned  and  disinfected  with  mercuric  chlo- 
ride. A  small  opening  is  then  punched  through  the 
shell,  and  through  this  the  organism  to  be  tested  is  in- 
troduced into  the  inside.  The  opening  is  then  sealed 
with  a  bit  of  sterile  paper  and  collodion.  Another  pro- 
cedure is  to  insert  through  the  opening  in  the  shell  a 
rather  wide,  drawn-out  tube  pipette.  On  appljdng  suc- 
tion, especially  with  the  aid  of  an  aspirator,  the  contents 
of  the  egg  can  be  drawn  up  into  the  bulb,  and  can  then 
be  distributed  to  tubes  (Novy). 

The  egg  may  be  used  as  a  solid  opaque  medium  ac- 
cording to  Wesener.  The  egg  is  thoroughly  agitated  so 
as  to  mix  the  yolk  with  the  albumen.  It  is  then  coagu- 
lated at  76°  to  80°  C,  after  which  the  shell  is  removed 
and  the  egg  is  cut  up  into 
slices  and  placed  in  suitable 
dishes  and  sterilized  by 
steam.  In  like  maimer  the 
coagulated  white  of  the  egg 
may  be  cut  up  into  slices 
and  tubed.  A  transparent, 
coagulated  egg  albumin  may 
be  prepared  by  converting 
it  into  an  alkah  albuminate, 
as  suggested  by  Tarchanow 
and  by  Karlinski.  For  this 
purpose  the  egg  is  placed  in 
ten-per-cent.  potash  for  four- 
teen days,  after  which  the 
shell  is  removed  and  the  so- 
lidified egg  is  cut  up  into 
slices,  tubed,  and  sterilized. 

Potatoes. — These  may  be 
prepared  in  several  ways. 
The  old  method,  introduced 
by  Koch,  is  still  used  where 
mass  cultures  are  desired. 
The  potatoes  are  scrubbed 
clean  under  the  tap,  and 
any  bad  spots  carefully  re- 
moved by  means  of  a  knife. 
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Fio.  5070.— Roux  Tube  for  Potato  Culture. 

They  are  then  placed  in  boiling  water  or  steamed  for 
three-quarters  of  an  hour.  By  means  of  a  knife,  which 
has  been  sterihzed  in  a  flariie,  they  are  then  cut  into 
halves  and  placed  in  a  large  moist  chamber  or  suitable 
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pan  provided  with  a  lid.  The  bottom  of  this  vessel 
should  first  be  covered  with  a  piece  of  filter  paper  which 
has  been  moistened  with  water  or  with  mercuric  chloride 
solution.  The  cut  and  sterile  surface  of  the  potatoes 
can  then  be  inoculated  with  the  organisms  to  be  culti- 
vated, either  by  spreading  the  material  over  the  potato 
with  a  sterile  knife  or  by  making  parallel  streaks.  Inas- 
much as  there  are  several  sources  of  contamination  in 
this  method,  it  has  been  largely  displaced  by  the  modi- 
fied procedures. 

In  Esmarch's  modification  the  potato  is  pared  and 
cut  into  slices  about  a  third  of  an  inch  thick,  which 
are  placed  'into  small  glass  dishes  about  7  cm.  in 
diameter  and  1  cm.  high,  known  as  Esmarch  dishes. 
These  are  then  sterilized  by  steaming  in  the  usual  way. 

The  best  way  of  using  potatoes  for  culture  purposes 
is  that  introduced  independently  by  Bolton  and  Globig. 
The  cleaned  potato  is  placed  in  boiling  water  for  about 
half  an  hour.  By  means  of  a  cork-borer  or  a  test  tube 
the  end  of  which  has  been  cut  off,  cylinders  of  potato 
may  be  punched  out.  The  skin  is  removed  from  the 
ends  of  the  cylinders,  after  which  these  are  halved  by 
a  diagonal  cut.  The  wedge-shaped  semicylinders  are 
now  placed  in  sterile  test  tubes  and  sterilized  by  steam. 

Another  method  which  possesses  certain  advantages 
over  the  above  consists  of  taking  a  large  uncooked  po- 
tato, punching  out  cylinders,  and  cutting  wedges  as 
just  mentioned.  These  wedges  are  placed  in  a  suitable 
vessel  and  tap  water  is  allowed  to  flow  over  them  about 
twenty-four  hours.  This  removes  certain  soluble  con- 
stituents of  the  potato,  which  if  allowed  to  remain 
might  discolor  the  finished  medium  after  it  has  stood  for 
some  time.  Also,  the  washing  removes  much  of  the 
acid  which  fresh  potato  contains.  After  removing  the 
washed  potato  wedges  from  the  running  water,  they  are 
placed  in  Roux  tubes  and  autoclaved  at  120^  C.  for  fif- 
teen minutes.  This  cooks  the  potato  and  also  sterilizes 
thoroughly, 

Roux  introduced  a  very  useful  modification  of  the 
test-tube  method.  A  constriction  is  made  in  the  lower 
part  of  the  tube,  about  an  inch  from  the  bottom.  This 
compartment  may  be  filled  with  water  or,  when  culti- 
vating the  tubercle  bacillus,  with  five-per-cent.  glycerin. 
These  tubes  can  be  readily  prepared  from  the  ordinary 
test  tubes.  A  narrow  blast  flame  is  directed  horizon- 
tally against  the  tube,  which  is  rotated  in  a  vertical 
position.  The  Roux  tube  is  shown  in  Fig.  5070.  A 
good  substitute  for  this  tube  may  be  made  by  placing 
on  the  bottom  of  the  test  tube  a  layer  of  absorbent  cot- 
ton, which  may  be  soaked  with  the  glycerin  solution. 

Glycerinated  potato  may  be  prepared  by  soaking  the 
thoroughly  washed,  prepared  potato  wedges  (see  above) 
in  a  twenty-five-per-cent.  solution  of  of  glycerin,  from 
one-quarter  to  one-half  hour.  Then  they  are  placed  in 
tubes  and  autoclaved  at  120°  C.  for  fifteen  minutes. 

Mashed  potatoes  spread  over  the  bottom  of  a  flask 
have  been  used,  but  this  offers  no  special  advantage  over 
the  methods  given.  The  preparation  of  potato  gelatin 
with  or  without  potassium  iodide  has  already  been  de- 
scribed. 

Bread  Medium. — Ordinary  bread  is  toasted  to  a  crisp, 
then  powdered,  in  which  condition  it  may  be  kept  in 
stock.  For  use  the  powder  is  placed  on  the  bottom  of 
small  flasks  and  thoroughly  moistened  with  water,  then 
sterihzed  by  steaming.  This  medium  is  particularly  use- 
ful for  cultivating  moulds. 

Plant  Infusions. — These  are  useful  for  growing  certain 
bacteria  and  also  amcebse.  Infusions  of  hay,  straw, 
fruits,  grains,  etc.,  take  the  place  of  meat  extract.  By 
the  addition  of  agar  or  gelatin,  solid  media  may  be  pre- 
pared. Beer  wort,  either  as  such  or  as  a  gelatin,  is  valu- 
able for  the  cultivation  of  yeasts. 

Protein-free  Media. — With  the  exception  of  urine  all 
the  media  described  thus  far  contain  some  proteid  mat- 
ter. The  latter,  however,  is  not  essential,  for  it  is  pos- 
sible to  grow  bacteria  on  media  which  contain  sulphur, 
nitrogen,  and  phosphorus  in  inorganic  combination. 
Such  a  solution  was  used,  for  instance,  at  a  very  early 
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date  by  Pasteur.  It  consisted  of  1  part  of  ammonium 
tartrate,  10  parts  of  candy  sugar,  the  ash  of  1  part  of 
yeast,  and  100  parts  of  water.  The  botanist  Cohn  em- 
ployed a  similar  solution,  consisting  of  0.1  gm.  each  of 
potassium  phosphate  and  magnesium  sulphate,  0.01  gm. 
of  tribasic  calcium  phosphate,  0.2  gm.  of  ammonium 
tartrate,  and  20  c.c.  of  distilled  water.  Naegeh's  solu- 
tion was  made  by  adding  1  gm.  dibasic  phosphate,  0.2 
gm.  magnesium  sulphate,  0.1  gm.  calcium  chloride,  and 
10  gm.  of  ammonium  tartrate  to  1,000  c.c.  of  distilled 

After  the  lapse  of  many  years  these  non-albuminous 
fluids  were  again  brought  into  use  in  a  modified  form 
by  Uschinsky.  His  solution  consisted  of;  Water,  1,000 
parts;  glycerin,  30-40  parts;  sodium  chloride,  5-7 
parts;  calcium  chloride,  0.1  part ;  magnesium  sulphate, 
0.2-0.4  part ;  potassium  phosphate,  2-2.5  parts ;  am- 
monium lactate,  6-7  parts;  sodium  asparaginate,  3-4 
parts. 

Fraenkel's  modification  of  this  solution  contains  5 
gm.  of  sodium  chloride,  2  gm.  of  potassium  phosphate, 
6  gm.  of  ammonium  lactate,  and  4  gm.  of  sodium  aspa- 
raginate. These  substances  are  dissolved  in  1,000  c.c. 
of-water  and  the  solution  is  then  rendered  sUghtly  alka- 
line. 

Similar  solutions  have  been  used  by  Maassen  and  by 
others.  Thus  Proskauer  and  Beck  cultivated  the  tuber- 
cle bacillus  on  the  following  solution:  Commercial  am- 
monium carbonate,  0.35  per  cent. ;  potassium  phosphate, 
0.15  per  cent. ;  magnesium  phosphate,  0.25  per  cent. ; 
glycerin,  1.5  per  cent. 

For  cultivating  the  nitrous  and  nitric-acid  organisms 
Winogradsky  employed  wholly  inorganic  solutions.  The 
nitric-acid  producers  were  grown  in  a  solution  consist- 
ing of  1,000  c.c.  of  water,  1  gm.  potassium  phosphate, 
0.5  gm.  magnesium  sulphate,  0.01  gm.  calcium  chloride, 
2  gm.  sodium  chloride.  This  is  filled  into  flasks  in  por- 
tions of  20  c.c.  each,  together  with  a  little  freshly  washed 
magnesium  carbonate.  To  these  flasks,  after  steriliza- 
tion by  steam,  2  c.c.  of  a  two-per-cent.  solution  of  am- 
monium sulphate  is  added,  after  which  they  are  incu- 
bated to  eliminate  contaminations. 

For  the  nitrous-acid  organisms  the  solution  consists 
of  1  gm.  ammonium  sulphate,  1  gm.  potassium  sulphate, 
and  1,000  c.c.  of  water.  It  is  filled  into  flasks,  magne- 
sium carbonate  added,  after  which  they  are  sterilized  by 
steam. 
_  As  a  substitute  for  gelatin  Winogradsky  employed 
silicic-acid  jelly,  which  was  added  to  solutions  of  essen- 
tially the  same  composition  as  those  just  given. 

Standardization  of  Media. — The  procedure  as  intro- 
duced by  Koch,  and  still  followed  in  many  laboratories, 
is  to  add  a  saturated  solution  of  sodium  carbonate,  in 
portions  of  a  cubic  centimetre  or  more,  to  the  nutrient 
medium,  to  be  neutraUzed  until  a  drop  of  tlie  mixture, 
transferred  by  means  of  a  glass  rod,  turns  red  litmus 
paper  promptly  blue.  In  some  laboratories  a  strong  so- 
lution of  sodium  hydrate  is  used  in  the  same  way.  Ob- 
viously this  method  lacks  quantitative  precision,  and  the 
duphcation  of  the  same  reaction  in  several  batches  of 
material  is  out  of  question.  Moreover,  it  is  an  estab- 
lished fact  that  the  reaction  of  a  medium  has  a  very 
important  influence  upon  the  development  of  bacteria. 
For  these  reasons  the  bacteriological  committee  of  the 
American  Pubhc  Health  Association,  adopting  Fuller's 
\vork,  recommended  the  following  method  for  the  titra- 
tion of  nutrient  media.     The  reagents  necessary  are : 

1.  Five-tenths-per-oent.  solution  of  phenolphthalein 
in  fifty-per-cent.  alcohol. 

2.  Normal  sodium  hydrate  (N.  NaOH).  A  litre  of 
this  solution  contains  40  gm.  of  NaOH. 

_  3.  Twentieth  normal  sodium  hydrate  (4  NaOH).  A 
litre  of  this  solution  contains  2  gm.  of  Na(JH. 

4.  Normal  hydrochloric  acid  (N.  HCl).  A  litre  of  this 
contains  36.5  gm.  HCl. 

5.  Twentieth  normal  hydrochloric  acid  (A).  A  litre 
of  this  contains  1.825  gm.  of  HCl. 

The  preparation  of  these  solutions  requires  some  fa- 


miliarity with  the  methods  of  quantitative  analysis. 
The  solutions  can  be  built  up  by  starting  from  a  twen- 
tieth normal  solution  of  oxalic  acid  or,  better,  succinic 
acid. 

The  titration  is  carried  out  as  follows:  To  5  c.c.  of 
the  filtered  medium  in  a  six-inch  porcelain  evaporating- 
dish  add  45  c.c.  of  distilled  water  and  1  c.c.  of  the 
phenolphthalein  solution ;  boil  for  three  minutes  to  ex- 
pel carbonic  acid,  then  run  in  the  twentieth  normal 
alkali,  drop  by  drop,  with  constant  stirring,  until  a 
bright  pink  color  results.  The  number  of  cubic  centi- 
metres of  the  twentieth  normal  alkali  required  to  neutral- 
ize 5  c.c.  of  the  medium  gives  directly  the  number  of  cubic 
centimetres  of  normal  alkali  {i.e.,  percentage)  required 
by  100  c.c.  of  the  medium.  Thus  if  5  c.c.  of  the  medium 
requires  2.8  c.c.  of  /,r  alkali,  then  100  c.c.  would  need  56 
c.c.  /^,  or  2.8  c.c.  of  N.  NaOH. 

The  quantity  of  the  medium  remaining  is  now  meas- 
ured and  the  amount  of  alkaU  needed  for  neutralization 
is  calculated  and  added.  After  the  addition  of  the  alkali 
the  liquid  is  boiled  and  a  portion  is  then  titrated  as  be- 
fore. It  should  be  neutral,  and  if  it  is  not,  as  oftenjs 
the  case  on  account  of  unknown  changes,  the  requisite 
amount  of  alkali  to  make  it  so  is  added  to  the  bulk. 

The  medium  which  is  neutral  with  reference  to  phenol- 
phthalein is  very  alkaline  with  respect  to  litmus.  Thus 
a  bouillon  which  is  neutral  to  Utmus  will  require  about 
25  c.c.  of  normal  alkali  per  litre  to  make  it  neutral  to 
phenolphthalein.  In  general  the  addition  of  10  c.c.  of 
normal  alkali  to  a  medium  which  is  neutral  to  litmus 
imparts  the  most  favorable  degree  of  alkalinity.  Hence 
the  optimum  reaction  with  reference  to  phenolphthalein 
is  obtained  by  adding  15  c.c.  of  normal  acid  to  the  litre 
oi  neutralized  medium.  It  is  customary  to  use  the  sign 
+  to  indicate  an  acid  reaction,  and  that  of  —  for  one 
that  is  alkaline.  Thus  +  15  means  that  the  reaction  is 
acid  with  respect  to  phenolphthalein,  and  that  one  litre 
of  the  medium  would  require  15  c.c.  of  normal  alkali  for 
neutralization. 

The  titration  with  litmus  as  an  indicator  is  best  car- 
ried out  in  the  following  way:  Portions  of  5  c.c.  of  the 
medium  are  measured  out  into  each  of  four  or  five  large 
test  tubes.  In  the  case  of  bouillon  the  amount  of  y^  al- 
kali needed  to  neutrahze  this  amount  may  vary  from 
0.3  to  0.6  c.c.  Hence  to  tube  1  add  0.3  c.c. ;  to  tube  2 
add  0.4  c.c. ;  to  tube  3  add  0.5  c.c,  etc.  The  contents 
of  each  tube  are  then  boiled  for  a  minute,  after  which  a 
slip  of  red  and  oneof  blue  Utmus  paper  are  dropped  into  the 
hot  liquid  and  allowed  to  remain  there  for  about  a  min- 
ute. The  papers  are  then  drawn  out,  side  by  side,  on 
the  walls  of  the  tube  when  the  colors  can  be  compared. 
In  this  way  the  amount  of  alkaU  necessary  to  neutralize 
5  c.c.  with  respect  to  litmus  can  be  determined.  Bouil- 
lon, as  well  as  agar,  usually  requires  about  5  c.c.  per 
litre  for  neutralization,  while  gelatin  needs  from  30  to  35 
c.c.  Having  determined  the  amount  needed  for  neu- 
tralization, this  amount,  together  with  an  excess  of  10 
c.c.  per  litre,  to  impart  a  suitable  alkaline  reaction,  is 
then  added  to  the  medium. 

For  ordinary  purposes  it  is  hardly  necessary  to  resort 
to  these  rather  comphcated  methods.  It  is  sufficient  to 
add  directly  to  bouillon  and  to  agar  15  c.c.  of  normal 
alkali  per  litre.  Gelatin  will  require  about  40  c.c.  In 
general,  sodium  carbonate  is  preferable  to  the  hydrate. 

Preparation  and  Filling  of  Tubes. — The  cheaper  grades 
of  test  tubes  should  be  avoided.  They  are  very  thin 
and  therefore  break  easily,  and,  moreover,  on  heating 
they  will  often  frost  because  of  the  separation  of  silicic 
acid.  The  best  test  tubes  are  the  "  blue-fined  "  or  "  re- 
sistant glass  "  quality,  or  those  of  genuine  Bohemian 
glass.  The  size  used  varies  with  the  purpose  and  the 
individual  taste;  12  X  125,  15  X  150,  and  20  X  150 
mm.  are  convenient. 

The  new  tubes  of  the  better  glass  can  be  used  after 
being  swabbed  out  with  warm  water. 

The  cheaper  grades  are  very  alkaline,  and  for  that 
reason  should  be  first  soaked  in  ^ery  dilute  warm  hydro- 
chloric acid,  after  which  theyshould  be  rinsed  or  swabbed 
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Fig.  5071.— Wire  Basket  for 
Sterilizing  Tubes. 


thoroughly  in  clean  warm  water.  The  cleaned  tubes  are 
allowed  to  drain,  and  when  dry  are  plugged.  Used 
tubes  should  be  sterilized  by  steaming  for  a  half-hour 
after  which  they  may  be  filled  with  water  and  again 
heated,  so  as  to  bring  the  more  or  less  dried  contents 
into  solution. 

The  simplest  way  of  plugging  is  to  place  over  the 
mouth  of  the  tube  a  piece  of  cotton,  about  two  inches 
square,  which  is  then  pushed  within  by  means  of  a  nar- 
row glass  rod  or  a  pair  of  smooth  forceps.  Such  plugs 
answer  all  ordinary  purposes. 
They  are,  however,  rather  loose 
and  permit  evaporation  of  th 
media,  and  cannot  be  used  whei 
the  tubes  are  to  be  sealed  witl 
wax.  A  firm  soUd  plug  is  mad 
by  taking  a  piece  of  cottor 
about  three  inches  square.  Thi 
is  folded  into  thirds  and  the: 
rolled  up  from  the  end  into  a 
firm  a  cylinder  as  possible.  B 
a  twisting  motion  the  plug  i_ 
inserted  into  the  tube,  and  only 
enough  cotton  is  left  on  the 
outside  to    permit   grasping    of 

the  plug.  The  plugged  tubes  are  then  placed  in  a  wire 
basket,  such  as  is  shown  in  Fig.  5071.  These  baskets 
are  made  of  heavy  galvanized  netting.  The  usual  size 
is  24  cm.  high  and  18  cm.  square.  Signaller  baskets, 
10  X  12  and  18  cm.  high,  are  very  useful.  Circular 
baskets,  of  a  size  to  fit  the  sterilizer,  are  also  used. 

Flasks,  bulbs,  etc.,  should  be  prepared  for  sterilization 
in  the  same  way. 

After  the  tubes  have  been  sterilized  by  heating  in  the 
dry-heat  oven  at  150°  C.  for  one  hour,  they  are  ready 
to  be  filled  with  the  nutrient 
media.  This  can  be  done  by  the 
aid  of  a  small  funnel.  When 
large  quantities  of  media  are  to 
be  tubed  much  time  can  be 
saved  by  using  a  large  funnel  or 
globe  receiver,  such  as  is  shown 
in  Fig.  5072.  The  lower  end  of 
the  bulb  is  connected  with  a 
drawn-out  glass  tube  and  is  pro- 
vided with  a  pinch-cock.  In  this 
way  the  media  can  be  rapidly 
filled  into  the  tubes. 

Another  simple  method  con- 
sists in  using  the  ordinary  Flor- 
ence flask,  containing  the  medi- 
um and  securely  fitting  a  two- 
bore  rubber  stopper  in  its  mouth. 
Through  one  of  the  openings 
pass  a  straight  thistle  tube,  of 
such  length  that  it  almost  touches 
the  bottom  of  the  flask,  and 
plug  the  external  bulbular  por- 
tion with  cotton  to  act  as  an  air 
filter.  Through  the  second  open- 
ing pass  a  straight  glass  tube 
about  10  cm.  long  so  that  it  pro- 
jects from  2  to  3  cm.  into  the 
neck  of  the  flask.  To  this  tube 
attach  a  drawn-out  glass  tube, 
by  means  of  a  piece  of  rubber 
tubing,  to  permit  the  use  of  a 
pinchcock.  For  filling  test  tubes 
the  flask  is  inverted,  and  sup- 
ported neck  downward  in  a  ring 
retort-stand  of  suitable  size. 
This  simple  apparatus  admits 
of  complete  sterilization  intact 
together  with  the  medium.  But  in  such  case  the  pinch- 
cock must  first  be  removed  to  allow  air  or  vapor  a 
means  of  escape  from  the  flask  during  the  heating.  By 
this  method  a  sterile  medium  is  ready  for  use  as  soon  as 
prepared. 


Fig.  5073.— Globe  Eeoelrer 
lor  lining  Media  Into 
Tubes,  with  Burette  At- 
taclmieiit.    (Novy.) 


Fig.  5073.— Treslfow's  Ap- 
paratus for  Measuring 
Media  into  Tubes. 


Ordinarily  the  tubes  are  filled  to  the  depth  of  one  and 
one-half  or  two  inches.  In  special  cases  in  which  defi- 
nite quantities  are  desired,  the  simple  apparatus  shown 
in  Fig.  5072  can  be  used.  _  The 
containers,  with  the  media  to 
be  filled,  can  first  be  sterilized 
by  steaming,  after  which  the 
media  can  be  measured  out  in- 
to sterile  tubes,  which  will  not 
require  further  treatment.  A 
less  desirable  apparatus  is  that 
of  Treskow,  shown  in  Fig.  5073. 

Sterilization. — By  steriliza- 
tion is  meant  the  total  de- 
struction or  removal  of  all  or- 
ganisms in  or  about  a  given 
object.  This  can  be  accom- 
plished in  a  variety  of  ways. 

1.  By  Direct  Flaming. — This 
method  is  applicable  for  the 
sterilization  of  glass  rods,  slides, 
cover-glasses,  platinum  wires, 
searing  irons,  and  rough  instru- 
ments. Valuable  surgical  in- 
struments would  of  course  be 
damaged  by  this  procedure. 

2.  By  Means  of  the  Dry- 
heat  Sterilizer. — The  form  most 
often  used  is  that  of  Koch, 
shown  in  Fig.  5074.  This  is 
made  of  sheet  iron,  is  double 
walled,  and  the  outer  wall  may 
be  lined  to  advantage  with  thick 
asbestos  board.  The  form  as 
shown  is   designed  to    sterilize 

not  only  tubes  and  flasks  but  also  glass  tubing,  pipettes, 
and  the  like.  The  oven  is  used  for  sterilizing  only  glass 
and  metal  ware.  It  must  not  be  used  for  sterilizing: 
media.  A  temperature  of  150°  C.  should  be  maintained 
for  one  hour.  Usually  it  will  be  sufficient  to  allow  the 
temperature  to  rise,  and  as  soon  as  it  has  reached  200° 
the  gas  is  turned  off.  The  cotton  should  show  a  slight 
tinge  of  yellow  after  this  heating.  If  the  plug  browns 
considerably  and  powders  it  is  due  more  to  the  fact  that 
the  cotton  has  been  chemically  treated  than  to  the  heat. 

3.  Fractional  Sterilization  at  56°-58°  C. — This  method 

by 


was  introduced 
Tyndall,  and  has 
been  used  for  the 
sterilization  of  liquid 
serum,  milk,  and 
other  fluids  which  are 
liable  to  be  altered 
more  or  less  by  heat. 
It  is  based  upon  the 
fact  that  the  actively 
vegetating  forms  of 
bacteria  are  readily 
destroyed  as  a  rule 
by  exposure  for  some 
minutes  to  this  tem- 
perature. The  rest- 
ing forms  or  spores 
are  not  in  tha  least 
affected  by  such  ex- 
posure. It  is  neces- 
sary to  wait  until 
the  spores  have  ger- 
minated into  the 
vegetating  forms, 
which  can  then  be 
destroyed  by  a  second 
like  heating.  As  or- 
dinarily practised,  the  method  is  as  follows:  The  tubes 
are  placed  in  an  apparatus,  such  as  that  shown  in  Fig. 
5075,  and  are  heated  for  one  hour  at  the  given  tempera- 
ture on  each  of  seven  or  eight  consecutive  days. 

This  method  sometimes  gives  good  results,  at  other 


Fig.  6074.— Koch's  Dry-Heat  Sterilizer. 
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times  it  fails.  The  reason  for  this  hes  in  the  presence 
or  absence  of  the  so-called  thermophilic  bacteria.  These 
organisms  actually  grow  best  at  the  temperature  em- 


FiG.   5075.— Roux  Water-Bath  for  Sterilizing  Serum  wltn  Metallic 
Eegulator. 

ployed,  and  hence,  if  they  chance  to  be  present,  the 
method  is  inapplicable.  A  temperature  of  70°  C.  may 
be  used  in  like  manner,  but  this  causes  coagulation  of 
the  serum. 

By  pasteurization  is  meant  the  partial  destruction  of 
the  organisms  which  are  present  in  a  milk.  This  is  ac- 
complished by  exposing  the  milk  for  half  an  hour,  or 
more,  to  a  temperature  of  about  68°  C.  (155°  F.).  While 
this   temperature  does  not  destroy   the    spores   which 

may  be  present,  it 
does  kill  the  lactic- 
acid  and  other  bac- 
teria, which  do  not 
produce  spores.  As  a 
result,  milk  treated  in 
this  way  will  keep  for 
several  days  without 
coagulating.  If  a  high- 
er temperature  is  used, 
the  taste  of  the  milk 
is  hkely  to  be  impaired. 


I']G.  sore— Koch's  steam  Sterilizer. 

3.  Sterilization,  in  Flowing  Steam. — Several  forms  of 
apparatus  have  been  devised  for  this  purpose.  Among 
the  earliest  is  the  well-known  form  which  bears  Koch's 
name.     This  apparatus  is  used  almost  entirely  in  Ger- 


.5077.— Section   of  Koch's 
Steam  Sterilizer. 


many,  and  to  a  considerable  extent  in  this  country.     It 
is  shown  in  Figs.  5076  and  5077. 

It  consists  of  a  cylinder  of  galvanized  iron,  or  better 
of  copper,  which  can  be  given  such  dimensions  as  may 
be  desired.  Ordinarily  it  is  about  half  a  metre  high  and 
about  25  cm.  in  diameter.  It 
is  surrounded  by  a  thick  cov- 
ering of  felt  M,  to  prevent 
loss  of  heat  by  radiation.  In 
the  interior  of  the  cyUnder 
at  R  is  placed  a  grate  which 
serves  as  a  support  for  the 
pail  and  other  vessels  to  be 
disinfected.  The  water  in  the 
lower  compartment  is  heated 
by  one  or  more  large  gas-bur- 
ners. Above  it  is  closed  with 
a  cover  D,  which  is  also  cov- 
ered with  felt.  A  central 
opening  permits  the  escape 
of  steam,  and  can  be  used  for 
the  insertion  of  a  thermom- 
eter. The  pail  shown  to  the 
right  of  the  sterilizer  has  a 
grating  for  a  bottom,  to  allow 
free  access  of  the  steam,  and 
in  it  are  placed  the  articles  to 
be  sterilized. 

The  nutrient  media  are  as 
a  rule  sterilized  by  steam.  A 
single  heating  for  one  hour  in 
steam  at  100°  C.  is  usually 
sufficient  to  render  the  media  sterile.  Prolonged  heat- 
ing, however,  tends  to  alter  the  media,  and  for  that 
reason  fractional  or  discontinuous  sterilization  is  re- 
sorted to.  The  latter  has  the  additional  advantage  that 
it  renders  the  medium  more  surely  sterile.  There  are 
spores  which  can  withstand  steaming  for  one  and  even 
five  or  six  hours,  and  if  such  forms  chance  to  be  pres- 
ent it  is  evident  that  the  material  cannot  be  sterihzed 
by  the  single  heating  for  one  hour.  In  the  other  pro- 
cedure the  media  are  steamed  for  fifteen  minutes  or 
half  an  hour,  according  to  the  nature  of  the  medium,  on 
each  of  three  consecutive  days.  The  first  heat  serves 
to  destroy  the  vegetating  germs  that  may  be  present. 
In  the  interval  which  elapses  between  the  first  and  sec- 
ond heating,  the  spores  which  are  probably  present  will 
germinate  and 
are  thus  convert- 
ed into  the  much 
weaker  form, 
which  is  then 
destroyed  by  the 
second  steaming. 
The  second  in- 
terval allows 
any  remaining 
spores,  which 
may  have  failed 
to  germinate  the 
first  day,  a 
chance  to  do  so, 
and  the  third 
heating  is  e x - 
pected  to  dis- 
pose of  these 
last  organisms. 
As  a  rule  all 
media  should  be 
incubated  for 
one  or  two  days 
to  make  sure 
that  they  are 
perfectly  sterile. 
If  any  growth  develops  in  the  tubes  or  flasks  these 
should  be  discarded,  and  only  those  which  are  free 
should  be  preserved  for  use. 

Failure  to  secure    sterilization  by  this  procedure  is 


Fig.   5078.— Arnold  Steam  Sterilizer,  Sectional 
View. 
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due  to  one  of  the  following  conditions :  The  tempera- 
ture which  prevails  during  the  twenty-four-hour  period 
which  elapses  between  the  consecutive  heats  may  be  so 
high  that  the  spores  which  are  present  not  only  ger- 
minate, but  the  vegetating  forms 
in  turn  give  rise  to  spores,  so  that 
-  larger  number  of  resistant  forms 
■e  present  on  the  second  or  on 
le  third  day  than  were  present 
.  the  beginning.  Again,  it  may 
ippen  that  the  temperature  is 
10  low,  in  which  case  the  spores 
mnot  germinate,  and  hence  will 
3  found  to  resist  sterilization, 
nother  source  of  error,  though 
.uch   less  common,  was    pointed 


Pig.  5079.— Novy  Steam  Sterilizer. 

out  by  SmJth.  If  the  spores  of  anaerobic  bacteria  are 
present  in  a  bouillon,  they  cannot  from  their  very 
nature  germinate  under  the  ordinary  conditions,  that  is, 
in  the  presence  of  the  air,  and  may  therefore  escape  de- 
struction. 

In  this  country,  and  even  in  Germany,  the  Arnold 
steam  sterilizer  has  met  with  a  very  favorable  recep- 
tion. The  apparatus  is  shown  in  Fig.  5078.  It  con- 
sists of:  (a)  a  flat,  shallow  boiler,  holding  but  a  small 
amount  of  water,  and  therefore  requiring  but  a  minimum 
amount  of  heat  to  produce  steam ;  (b)  a  reservoir  placed 
upon  the  boiler,  which  it  constantly 
feeds  and  insures  the  constant  for- 
mation of  steam ;  (d)  a  covered 
steam  chest  or  receiving  vessel,  placed 
above  the  reservoir  and  connected 
with  the  boiler  by  a  cylindrical  tube 
of  large  diameter  (c) ;  and 
(e)  a  hood,  covering  the 
receiver  and  enclosing  an 
air  space,  which  is  con- 
stantly supplied  with 
escape  steam.  The  hood 
arid  the  steam  jacket 
which  it  encloses  prevent 
variations  in  temperature 
in  the  receiving  vessel  so 
long  as  the  heat  apphed 
to  the  boiler  remains  un- 
changed. 

A  cheap  and  thorough- 
ly efficient  steam  steril- 
izer adapted  for 
individual  work 
is  shown  in  Fig. 
5079.  This  coii- 
sists  of  an  ordi- 
nary Hoffmann 
iron  water-bath 
10-20  cm.  in  di- 
ameter. On  this 
is  placed  a  cop- 


uasiV^ 


FIG.  5080.— Chamberland  Autoclave  for  Steril- 
izing by  Steam  underpressure.    (Novy). 

per  pail  (20  X  20  cm.),  which  is  provided  with  a  perfo- 
rated bottom.  Two  perforated  rings  on  the  inside  allow 
the  passage  of  steam,  and  prevent  the  cotton  of  the  tubes 
from  coming  into  contact  with  the  side  of  the  steamer. 


The  tubes  filled  with  media  are  placed  in  the  pail,  and 
this  is  then  set  on  th3  water-bath,  the  water  of  which 
has  been  previously  raised  to  active  ebuUition.  In  a 
few  minutes  steam  will  issue  from  the  tube  in  the  top 
of  the  cover.  It  is  always  advisable  to  take  the  tem- 
perature of  the  vapor  as  it  issues  from  a  sterilizer  and 
to  count  the  time  of  exposure  from  the  moment  that  the 
vapor  actually  shows  the  temperature  of  steam,  that  is 
100°  C. 

4.  Sterilization  by  Steam   Under  Pressure. — This  pro- 
cedure is  used  almost  entirely  by  the  French  workers. 
Its  usefulness  is  such  as  to  merit  a  wide  introduction 
into  this  country.     The  apparatus,  which  is  designated 
as  an  autoclave,  is  shown  in  Fig.  5080.     It  consists  of  a 
strong  boiler,  in  the  bottom  of  which  a  small  quantity 
of  water  is   placed.     The   articles  to   be  steamed   are 
placed  in  a  wire  basket,  which  is 
set  on  the  bottom  of  the  boiler. 
The  lid  is   closed   with   a  rubber 
gasket  and  securely  held  in  place 
by  thumb -screws.     Inasmuch  as 
the  amount  of  aqueous  vapor  in 
a  given  space,  as  well  as  the  tem- 
perature, in  the  case  of  confined 
steam,  is  greater  than  with  flow- 
ing   steam,    it    follows    that     the 
autoclave    is    considerably     more 
efficient.     Thus  steam  at  130°  0., 
under   pressure,    will    destroy   in- 
stantaneously spores  which  would 
resist  flowing  steam  at  100°  for  five 
or  six  hours. 
The  culture  media  can  be  sterilized  by  a  single  heat- 
ing for  fifteen  to  thirty  minutes  at  110°  C.     A  higher 
temperature  should  be  avoided,  as  it  tends  to  alter  the 
reaction  of  the  media.     Glass  apparatus,  filters,  rubber, 
etc.,  can  be  sterilized  by  heating  at  120°  for  half  an 
hour.     Infected  animals  can  be  subjected  to   120°  for 
the  same  length  of  time,  or  to  130°  or  more  for  a  less 
period. 

It  must  be  remembered  that  the  autoclave  requires 
more  care  than  an  ordinary  steriUzer  owing  to  the  dan- 
ger of  explosion.  The  following  points  should  be  ob- 
served in  its  use :  Enough  water  should  be  present ; 
after  the  burners  are  Ughted,  the  steam  valve  should  be 
left  open  until  all  the  air  has  been  expelled ;  when  the 
steam  has  flowed  rapidly  for  one  or  two  minutes  the 
valve  is  closed ;  as  soon  as  the  desired  temperature  is 
indicated  on  the  gauge,  the  burners  are  turned  down,  so 
that  this  temperature  is  maintained  for  the  required 
time;  the  burners  are  then  turned  off,  but  the  steam 
valve  is  not  opened  until  the  temperature  has  fallen 
below  100°,  after  which  the  lid  can  be  removed.  The 
safety  valve  should  be  tested  to  open  at  about  125°  C. 
It  is  a  good  rule  not  to  leave  the  autoclave  out  of  sight 
while  the  temperature  is  rising. 

Obviously  this  piece  of  apparatus  can  also  be  used 
as  a  steam  sterilizer  with  temperature  at  100°  C.  In 
such  case  the  steam  valves  above  are  opened  and  the 
water  is  heated  to  the  boiling-point.  If  steam  is  gener- 
ated more  rapidly  than  it  can  make  its  exit,  the  press- 
ure rises,  consequently  the  temperature  goes  above 
100°  0.  Therefore  boil  gently  or  raise  cover  enough  to 
allow  free  escape  of  the  steam. 

5.  Sterilization  by  Filtration. — It  is  possible  to  re- 
move completely  all  the  organisms  which  may  be  pres- 
ent in  a  liquid  by  filtration.  Filter  paper,  of  course,  on 
account  of  the  small  size  of  the  bacteria,  cannot  be  used 
for  this  purpose.  There  are  only  two  reliable  filters  for 
bacteriological  work.  That  known  as  the  Pasteur- 
Chamberland  filter  is  the  best,  and  is  made  of  unglazed 
porcelain.  The  form  as  used  for  filtering  water  for 
domestic  use  is  shown  in  Fig.  5081.  The  original 
French  filters  are  to  be  preferred  to  the  German  imita- 
tions. They  are  made  in  two  grades ;  that  marked  F 
is  more  porous  than  that  marked  B. 

The  Kitasato  filter,  a  narrow  form  of  the  above,  is  also 
made  of  unglazed  porcelain,  and  is  intended  for  the  fil- 
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riGf.  5081.— Pas- 
teur-Chamber- 
land  Filter. 


tration  ot  very  small  amounts  of  liquid.  This  can,  how- 
ever, be  done  also  with  the  larger  filter.  It  is  shown  in 
Eig.  5082. 

The  Berkefeld  filter  (Fig.  5086)  consists  of  closely 
packed  infusorial  earth.  It  can  be  obtained  in  several 
sizes,  having  the  general  shape 
of  the  Chamberland  -  Pasteur 
bougie.  It  is  considerably  more 
porous  than  the  porcelain  filter, 
and  is  therefore  adapted  for 
rapid  filtration,  but  it  should 
be  borne  in  mind  that  it  is 
more  likely  to  allow  the  passage 
of  bacteria. 

A  useful  form  of  apparatus  for  hold- 
ing the  Pasteur  -  Chamberland  bougie, 
that  of  Martin,  is  shown  in  Fig.  5083. 
It  consists  of  a  metal  cylinder  with  a 
funnel-shaped  top,  which  permits  the 
filtration  of  the  culture  through  filter 
paper  previous  to  its  passage  through  the 
bougie,  and  thus  ob^'iates  or  lessens  the 
clogging  of  the  latter.  A  rubber  ring 
serves  to  make  a  tight  joint  when  the 
bougie  is  held  in  place  by  the  lower  screw 
cap.  The  lower  end  of  the  bougie  is 
connected  with  a  piece  of  vacuum  rub- 
ber tubing  to  a  globe  receiver.  The  en- 
tire apparatus  is  sterilized  by  heating  in 
an  autoclave.  The  filtration  may  be 
carried  on  by  gravity,  or  an  aspirator 
may  be  connected  with  the  upper  tube 
of  the  globe  receiver.  When  the  filtrate 
is  to  be  tran.sf erred, 'the  drawn-out  side 
tube  is  scratched  near  the  end  vdih.  a  file, 
and  then  broken  off,  after  which  the  tube  is  flamed  and 
the  liquid  is  drawn  off  into  sterile  tubes  or  flasks.  This 
globe  receiver  can  be  used  until  the  drawn-out  tube  is  too 
short,  when  a  new  tube  is  fused  on. 

A  better  form  of  a  globe  receiver  is  shown  in  Fig. 
5086.  This  is  provided  with  throe  side  tubes,  which  are 
plugged  with  cotton,  after  which  the  receiver  is  steril- 
ized in  a  dry-heat  oven.  When  it  is  to  be  used,  the  cot- 
ton is  removed  from  the  tube  D,  which  is  then  con- 
nected with  the  sterile  bougie  by  means  of  a  piece  of 
sterile  vacuum  tubing.  The  horizontal  tube  F  is  simi- 
larly connected  with  the  sterile  drawn-out  glass  tube 
<?.  The  tube  E,  with  its  cotton  plug  in  place,  is  con- 
nected with  a  Chapman  pump. 
The  filtrate  may  be  withdrawn 
by  means  of  a  sterile  bulb  pipette, 
or  in  the  same  way  as  from  the 
receiver  of  Martin.  The  advan- 
tage lies  in  the  short  rubber  tub- 
ing, compactness,  and  the  con- 
venience in  attaching  the  drawn- 
out  tube.  This  vacuum  receiver 
can  be  obtained  ill  several  sizes, 
such  as  one-quarter,  one-half,  one 
and  one  and  one-half  Htre  ca- 
pacity. 

Instead  of  a  metal  cylinder  to 
hold  the  bougie,  Novy  has  devised 
one  of  glass.      This  is  shown  in 
Fig.  5084.     The   necessary   tight 
joint  between  the  bougie  and  the 
glass  cylinder  is  made  with  a  rub- 
ber ring,  and  the  bougie  is  brought 
up  tight  into  place  by  means  of 
small    -i-ises,    «hich    act    on    the 
flange   and   on   an   iron    washer. 
The  arrangement  is  shown  in  Fig. 
5085.     If  desired  the  liquid   can 
be  filtered   under  pressure,   in 
1 -which  case  the  rubber  stopper  at  H  is  connected  with 
a  tank  of  compressed  air.     The  cyUnders  are  made  to 
withstand  a  pressure  of  over  one  hundred  pounds. 
,     The  Berkefeld  filter  may  be  attached  to  the  above 
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glass  cyhnder  by  means  of  a  rubber  and  iron  washer 
and  the  clamps  mentioned  (Fig.  5086).  A  more  con- 
venient arrangement  is  to  use  a  cylinder  of  brass  of  suit- 
able length  and 
width, threaded 
at  each  end. 
The  lower  end 
is  provided  with 
a  screw  cap, 
through  which 
the  metal  end 
of  the  Berke- 
feld bougie  is 
passed.  The 
upper  end  i  s 
also  closed  with 


FIG.  5083.— Martin's  Filter. 


a  screw  cap, 
provided  with 
a  three-eighths 
of  an  inch 
nipple,  which 
serves  to  con- 
nect the  cylin- 
der with  the 
compressed 
air.  The  tip  of 
the  Berkefeld 
is  connected 
with  a  globe  re- 
ceiver. The  fil- 
tration can  then  be  carried  out  by  gravity,  by  aspira- 
tion, or  by  pressure. 

The  filtration  of  liquids  constitutes  an  exceedingly  im- 
portant part  of  bacteriological  techm'que.  By  its  means 
the  soluble  products  of  bacteria  may  be  separated  from 
the  solid  cells.  In  this  way  the  toxins  of  many  patho- 
genic bacteria  are  prepared.  Again  it  is  by  the  filtra- 
tion process  that  it  has  been  possible  to  demonstrate 
the  existence  of  the  so-called  ultramicroscopic  organ- 
isms. W  hile  the  common  bacteria  will  not  pass  through 
a  filter,  there  are  a  number  of  diseases  in  which  the 
cause  is  so  minute  that  it  will  go  through  the  Berkefeld, 
and,  at  times,  even  through  the  Pasteur-Chamberland 
bougie.  Yellow  fever,  sheep  pox, 
foot-and-mouthdisease,  contagious 
pleuro-pneumonia  of  cattle,  chicken 
pest,  rinderpest,  horse  sickness, 
moUuscum  contagiosum  of  birds, 
and  the  "  mosaic  disease  of  to- 
bacco "  are  of  this  class;  so  also 
is  that  of  rabies.  The  fact  that 
a  given  filtrate  infects  is  not  proof 
that  the  cause  is  always  in  this 
extremely  minute  form.  It  may 
be  that  the  real  organism  is  rela- 
tively large,  as  in  the  case  of  the 
rat  trypanosome,  and  yet  Berke- 
feld filtered  cultures  of  this  will 
often  infect  animals.  This  is  due 
to  the  existence  of  a  minute  stage 
in  the  development  of  the  organ- 
ism.    It  is  therefore  to  be  expected 


FKi.  5n,sl.— Nov'y's  Filtering  Apparatus. 

that  the  pathogenic  protozoa,  though  they  themselves 
may  be  large,  may  give  rise  to  filterable  sporozoites. 

6.  SiirUization  hy  Chemicals. — This  principle  is  ap- 
plicable only  to   a  limited  extent  to  nutrient  media. 
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The  addition  of  such  substances  as  carboUc  acid  or  mer- 
curic chloride  will  serve  to  destroy  the  organisms  which 
may  be  present;  but  since  these  compounds  cannot  be 

'  removed  from  the 
medium,  it  follows 
that  it  cannot  be 
used  for  culture 
purposes.  A  few 
substances  have, 
however,  been  used 
with  this  object  in 
view.  Thus  if 
chloroform  is  added 
to  milk  or  blood 
serum,  and  is  al- 
'  lowed  to  act  long 
enough,  it  will  bring 
about  sterilization. 
The   remaining 

Fig.  S085.— Connections  for  the  Novy  Ap-  chloroform  can 
paratus.  1,  3,  3,  Rubber  rings;  4,  iron  nnally  be  driven 
washer.  off  by  means    of 

gentle  heat  and  by 
aeration.  Ether  has  been  used  in  the  same  way,  and  in- 
deed this  is  a  useful  procedure  for  sterilizing  such  weak 
cultures  as  those  of  cholera.  Glycerin,  as  is  well  known, 
is  added  to  vaccine  with  the  object  of  destroying  the 
common  pus-producing  organisms  which  are  so  often 
present.  It  certainly  will  in  time  destroy  all  of  these 
accidental  bacteria,  but,  unfortunately,  prolonged  ex- 
posure of  the  vaccine  virus  to  the  glycerin  damages  it 
as  well. 

Chemical  disinfection  of  drinking-waters  has  also  been 
proposed,  especially  in  connection  with  miUtary  opera- 
tions. For  this  purpose  various  substances,  "such  as 
bromine  and  the  organic  peroxides,  have  been  suggested. 
In  the  laboratory  this  method  is  resorted  to  more  or 
less  to  sterilize  old  used  cultures,  test-tubes,  and  even 
animals.  Five-per-cent.  carbolic  acid  or  0.1-per-cent. 
mercuric  chloride  is  employed. 

The  Incubator. — It  is  customary  to  divide  bacteria 
into  two  large  groups — the  saprophytic  and  the  para- 
sitic— according  as  to  whether  they 
grow  in  nature  on  dead  matter  or 
in  the  living  body.  Among  the 
latter  are  classed  the  disease -pro- 
ducing bacteria.  In  general  the 
optimum  temperature  for  the  growth 
of  the  saprophytic  organisms 
is  about  25°  C.  (77°  F.), 
whereas  the  pathogenic  bac- 
teria thrive  best  at  the  tem- 
perature of  the  body.  In 
order  to  supply  this  require- 
ment it  is  necessary  to  use  an 
incubator  or  thermostat,  the 
temperature  of  which  can  be 
maintained  without  variation 
at  any  desired  level.  Various 
forms  of  apparatus  have  been 
devised  for  this  purpose  ;•  that 
of  Koch  is  shown  in  Fig.  5087. 
It  consists  of  a  double-walled 
box  of  copper,  the  sides  and 

top    being    covered    mth   felt. 
The  space  between  the  walls  is 
filled   with  water.      In  the  top 
is    an   opening    communicating 
with  the,  interior    air 
space,  and  in  it  a  ther- 
mometer is  placed  to 
FIG.    5086.  —  Berljeleld   Filter  showing   indicate  the  tempera- 
Manner  o(  Attachment.     Globe    re-   ture.      the    openings 
ceiver.    (Noyy.)  in   the   corners    com- 

municate w  i  t  h  the 
water  space.  One  of  these  is  intended  to  hold  a  thermo- 
regulator,  while  the  other  serves  for  the  addition  of  water. 
Inner  and  outer  doors  are  provided,  and  in  the  better 


models  provision  is  made  for  ventilation  and  for  keeping 
the  air  moist. 

The  apparatus  may  be  heated  with  an  Argand  burner. 
The  ordinarj'  Bunsen  burner  is  not  used  because  of  the 
danger  of  "  shooting  back."     The  Koch  safety  burner  is 


Fig.  5087.-Koch's  Incubator. 

to  be  preferred,,  for  it  automatically  shuts  off  the  supply 
in  case  the  gas  should  by  any  chance  happen  to  be 
turned  off.  It  consists  of  two  iron  spirals  which,  as 
they  are  heated,  expand,  and  in  so  doing  communicate 
this  motion  to  an  arm  which  then  swings  under  and  sup- 
ports the  weighted  lever  of  the  valve.  If  by  any  acci- 
dent the  flame  should  become  extinguished,  the  spirals 
cool  and  contract;  this  causes  the  supporting  arm  to 
swing  out  from  under  the  lever,  which  then  falls  and 
thus  shuts  off  the  gas  (see  Fig.  5088). 

In  case  gas  is  not  available  the  incubator  is  heated 
with  an  oil  lamp.  The  Sartorius  model  is  especially 
well  constructed  for  this  form  of  heating.  A  good  sub- 
stitute can  always  be  found  in  the  ordinary  egg  incu- 
bator. In  a  few  places  the  heat  is  supplied  by  means 
of  electric  hot  plates. 

By  far  the  most  important  accessory  to  an  incubator 
is  a  thermo-regulator,  which  will  automatically  control 
the  supply  of  gas  and  hence  the  temperature  of 
the  oven.  Several  of  the  more  common  forms 
are  shown  in  Fig.  5089.  The  Reichert  form, 
though  very  widely  used,  is  far  from  being 
the  most  satisfactory.  The  lower  bulb  is  filled 
with  mercury,  which  as  the  temperature  rises 


Fir.  5088.— Koch's  Safety  Burners. 

shuts  off  the  opening  through  which  the  gas  enters.  In 
order  to  prevent  the  flame  from  being  extinguished  a 
minute  opening  is  made  in  the  gas-delivery  tube  where- 
by a  minimum  flame  can  be  maintained.  • 

In  the  Bunsen  form  the  lower  compartment  is  nearly 
filled  with  a  mixture  of  equal  parts  of  ether  and  abso- 
lute alcohol,  after  which  a  sufficient  quantity  of  mer- 
cury is  added  to  act  as  a  valve.  The  upper  part  is  closed 
with  a  stopper,  through  which  passes  the  gas  tube. 
When  the  proper  temperature  is  reached,  this  tube  is 
pushed  down  till  the  gas  flame  drops.  The  minim_um 
opening  prevents  total  extinguishment.  By  careful 
manipulation  the  regulator  can  be  set  at  any  tempera- 
ture which  may  be  desired. 
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In  both  the  Novy  and  Dunham  forms  the  lower  bulb 
is  filled  with  absolute  alcohol.  As  this  expands  it  acts 
against  a  column  of  mercury,  which  in  turn  shuts  ott 
the  supply  of  gas.  The  lateral  screw  permits  the  ad- 
justment of  the  regulator  to  the  desired  temperature. 
In  the  former  the  minimum  supply  can  be  regulated  to 
a  nicety.  This  enables  it  to  be  used  for  a  water-bath 
or  for  a  small  or  large  incubator.  It  can  be  obtained 
-w-ith  the  alcohol  cylinder  of  different  sizes,  according  to 
the  use  for  which  the  apparatus  is  intended. 

The  metallic  reg- 
ulator of  Roux  is 
intended  for  control- 
hng  the  temperature 
of  large  water-baths 
S  and  of  incubator- 
rooms,  for  which  pur- 


§°fe         j 


A.  B. 

Fig.  5089.— Thermo-Eegulators,    A,  Bunsen's;  B,  Eeicbert's ;  C,  Dunbam's ;  D,  Novy's. 

pose  no  better  device  can  be  found.  It  is  made  in 
the  two  forms,  the  straight  and  the  U  shape,  shown 
in  Fig.  5090.  It  consists  of  two  metal  bands  having 
different  coefficients  of  expansion.  These  are  soldered 
together  the  full  length.    As  the  temperature  rises,  the 

free  upper  arm  moves 
from  and  thus  releases 
a  spring  valve,  which 
shuts  off  the  main 
supply  of  gas.  A  mi- 
nute opening  serves  to 
supply  a  minimum 
amount  of  gas,  and 
thus  prevents  ex|in- 
guishment  of  the  flame. 
The  incubator  de- 
scribed in  its  several 
modifications  answers 
all  ordinary  purposes. 
In  large  laboratories 
they  can,  however,  be 
dispensed  with  almost 
entirely,  and  their 
place  is  taken  by  the 
incubator  -  room.  By 
this  is  meant  a  room, 
usually  about  eight 
feet  cube,  which  is 
maintained  at  a  con- 
stant temperature. 
This  arrangement  was 
first  employed  at  the 
Pasteur  Institute,  where  the  heat  is  conveyed  to  the 
room  by  means  olF  large  pipes  along  the  wall,  filled  with 
water,  or  better  with  glycerin.     The  circulating  liquid  is 


TIG.  5090.- 


-Roux    Metallic  Thermo- 
Ecgulator. 


heated  by  a  small  gas  stove  placed  on  the   outside  of 
the  room.  . 

A  more  simple  and  thor- 
oughly efficient  procedure  is 
to  place  a  small  gas  stove 
in  the  centre  of  the  room. 
This  stove,  which  can  be 
obtained  of  the  French  deal- 
ers, is  so  constructed  that, 
the  gases  of  combustion  are 
carried  out  of  the  room  in- 
to a  flue. 

Another    procedure    of 
limited  application  is  to  heat 
the   room   with 
steam   coils.      The 
regulation    of    the 
heat  in  this  case  is 
accomplished      by 
means  of  an  auto- 
matic steam  valve 
operated    by  com- 
pressed air. 
The  construction  of  the  room  re- 
quires no  special    care.      The   walls, 
whether  of  brick  or  of  plaster,  should 
be  given  several  coats  of  white  zinc. 
Shelves,  water,  gas  and  electric  light, 
and  a  window  should  be  provided. 

The  regulation  of  the  temperature 
in  the  rooms  heated  by  gas  is  done 
by  means  of  the  Roux  U-shaped  regu- 
lator. All  the  connections  should  be 
of  metal  to  lessen  the  chances  of  fire. 
In  order  to  have  a  temperature  rec- 
ord it  is  advisable  to  place  in  the 
room  a  thermo-metrograph,  the  best 
form  of  which  is  made  by  Richard 
Freres,  of  Paris. 

Gas-pressure  Regulator. — The  best 
results  with  any  form  of  thermo- 
regulator  are  obtained  when  the  gas 
pressure  is  constant  or  nearly  so. 
When  the  variation  is  considerable  it  is  advisable  to 
pass  the  gas  through  a  pressure  regulator  before  it 
reaches  the  thermo-regulator.  There  are  several  forms 
of  apparatus  for  this  purpose.  The  Moitessier  regulator 
is  shown  in  Fig.  5091 .  It  consists  of  a  cylinder  A ,  which 
is  filled  to  the  level  of  G  with  a  mixture  of  equal  parts 
of  glycerin  and  water.  On  this  is  floated  the  metal 
shell  B.  The  gas  is  admitted  to  the  interior  of  B, 
through  the  tube  K,  the  pressure  being  indicated  by 
the  manometer  P.  The 
gas  flows  into  B  until 
it  is  filled,  when  it  raises 
it  up  and  shuts  off  the 
supply  of  gas  by  closing 
the  valve  D.  The  press- 
ure on  the  burner  is 
regulated  by  the  weights 
placed  in  the  pan  H, 
which  is  connected  with 
B  by  the  rod  G.  The 
amount  of  pressure  on 
the  burner  is  indicated 
by  the  manometer  on 
the  left  of  the  appara- 
tus. The  burner  is  con- 
nected w  i  t  h 
the  apparatus 
by  means  of  a 
rubber  tube 
attached  t  o 
/,  and  the 
height  of  the 
flame  is  regulated  by  the  stopcock  il/. 

A  cheaper  and  more  simple  regulator  is  that  devised 
in  No\'y's  laboratory  by  Murrill  and  shown  in  Fig.  5092. 


FIG.  5091.-Moltessler's  Gas-Pressure  Regulator. 
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Fig.  5093.— Murrill's    Gas-Pressure 
Regulator.  Cross-section.  (Novy.) 


The  ga.s  passes  into  a  cylinder  which  floats  in  liquid 
petroleum  and  leaves  by  two  tubes  at  the  bottom,  one 
of  which  is  connected  with  the  thermo-regulator,  the 
other    with    a 
manometer. 
The  cylinder 
is  weighted  so 
as  to  give  the 
desired    press- 
ure to  the  out- 
flowing gas. 

During  the  hot  summer 
months  it  is  desirable  to 
have  an  apparatus  which 
will  keep  a  fairly  constant 
low  temperature,  below 
that  which  would  cause 
the  gelatin  cultures  to 
melt.  There  are  incu- 
bators constructed  for 
this  purpose  which  furnish 
it  supply  of  ice  -  cold 
water  when  the  tempera- 
ture rises  above  a  given  point.  If  the  temperature 
drops  too  low,  the  electric  lamp  is  turned  on. 

When  the  temperature  of  the  water  as  it  leaves  the 
ground  is  about  15°  C.  (59°  F.)  it  is  possible  to  use  the 
simple  apparatus  shown  in  Fig.  5093.  This  is  made  of 
galvanized  iron.  The  inner  box  is  held  in  place  by  means 
of  a  couple  of  stout  rods.  The  water  enters  at  the  bottom 
through  the  small  tube,  which  stops  short  on  the  inside 
of  the  outer  box.  The  water  then  flows  under  and 
around  the  inner  box,  and  eventually  reaches  at  the 
farther  end  the  wide  outflow  tube.  The  end  of  this  is 
turned  up  and  is  provided  with  a  short  piece  of  rubber 
tubing.  By  moving  this  up  or  down  the  level  of  the 
water  in  the  box  can  be  regulated.  By  regulating  the 
flow  of  the  water  it  is  possible  to  maintain  a  fairly  con- 
stant temperature  in  the  inner  compartment. 

The  Methods  of  Cultivation. — The  fundamental  basis 
of  bacteriology  may  be  said  to  be  the  fact  that  it  is  pos- 
sible to  cultivate  artificially,  and  that  in  pure  condition, 
nearly  all  of  the  known  forms  of  bacteria.  Until  meth- 
ods had  been  devised  for  this  purpose  it  was  not  pos- 
sible to  determine  definitely  the  part  played  by  any 
organism  either  in  the  ordinary  phenomena  of  fermen- 
tation or  in  the  more  mysterious  processes  of  disease. 
To  arrive  at  a  demonstration  of  the  causal  relation  of 
a  given  organism  to  the  change  which  it  is  supposed  to 
induce  it  is  necessary  to  do  two   things :  First,  the  or- 


FIG.  5093.~Novy's  Low-Tempernture  Incubator. 

ganism  must  be  isolated  in  pure  culture ;  and  second, 
the  pure  culture,  once  obtained,  must  be  maintained  by 
transplantation.  The  pure  culture  thus  kept  up  through 
a  series  of  transplantations,  or  generations  as  they  are 
called,  can  then  be  tested  upon  animals  to  see  if  it  will 


reproduce  the  disease,  or  upon  suitable  media  to  ascer- 
tain if  it  will  cause  the  kind  of  fermentation,  the  pig- 
ment, or  the  light  which  it  is  supposed  to  produce. 

By  a  pure  culture  is  meant  one  which  is  derived  from 
a  single  cell.  A  given  bacterium,  small  as  it  is,  multi- 
plies by  division,  and  thus  gives  rise  to  two  new  indi- 
viduals. These  in  turn  grow  and  divide,  yielding  four 
cells.  This  process  is  kept  up  till  many  millions  of  or- 
ganisms constitute  the  offspring  of  a  single  cell.  Inas- 
much as  the  division  of  bacteria  is  very  rapid  under 
favorable  conditions,  many  dividing  every  half-hour,  it 
follows  that  in  a  few  hours  a  visible  growth  may  be  seen 
where  at  the  beginning  but  a  single  cell  was  present.  If 
the  medium  in  which  they  are  growing  is  liquid,  it  will 
usually  become  cloudy  because  of  the  disseminated  bac- 
teria. 

The  early  methods  of  cultivation,  as  employed  by 
Pasteur,  made  use  of  liquid  media.  Under  these  condi- 
tions it  was  exceedingly  difficult  to  obtain  pure  cult- 
ures, and  indeed  it  was  largely  a  matter  of  chance  and 
patience.  Suppose  that  a  given  liquid  contains  two 
kinds  of  bacteria;  in  order  to  separate  these  so  as  to 
have  a  single  cell  as  a  starter  for  the  pure  culture  it 
would  be  necessary  so  to  dilute 
the  liquid  that  in  all  proba- 
bihty  a  drop,  or  a  cubic  centi- 
metre, would  contain  but  one 
cell.  This  small  quantity  would 
then  be  taken  and  transferred 
to  a  sterile  medium,  and  in  this 
way  it  would  be  possible  to 
obtain  presumably  pure  cult- 
ures. Failure,  however,  was 
necessarily  frequent  and  the  ele- 
ment of  doubt  always  remained. 

The  introduction  of  the  nu- 
trient gelatin  by  Koch  made  it 
possible  to  secure  pure  cultures 
with  the  greatest  of  ease.  All 
that  was  necessary  was  to  in- 
oculate the  liquefied  gelatin 
with  the  mixture  of  bacteria, 
and  after  thorough  agitation  so 
as  to  separate  each  cell  from  its 
neighbor,  to  pour  the  liquid  on 
to  the  surface  of  a  sterile  plate. 
The  gelatin  now  solidifies,  and 
imprisons,  as  it  were,  the  sepa- 
rated cells.  Each  of  these  now 
multiplies  and  reproduces  its 
kind ;  eventually,  in  the  course 
of  a  day  or  two,  a  small  growth, 
perhaps  of  the  size  of  a  small 
pinhead,  appears.  This  is  called 
a  colony,  and  since  it  is  derived 
from  a  single  cell  it  constitutes  a  pure  culture.  Such  is 
the  principle  of  the  dilution  method  for  obtaining  pure 
cultures.  The  isolation  once  accomplished,  all  that  is 
necessary  is  to  transplant  the  colony  to  sterile  culture 
media  so  as  to  keep  up  the  growth. 

The  transferring  of  bacteria  is  usually  done  by  means 
of  a  platinum  wire.  The  wire,  which  should  be  about 
two  inches  long  and  fairly  stiff,  about  No.  21  in  size,  is 
fused  into  the  end  of  a  glass  rod.  According  to  the 
object  in  view  it  is  either..straight,  bent,  or  is  provided 
with  a  loop  as  shown  in  Fig.  5094. 

At  times  a  bunch  of  very  fine  platinum  wires  attached 
to  a  holder,  the  so-called  Kruse's  brush,  is  used  to  spread 
the  material  over  the  surface  of  the  media.  A  glass  rod 
bent  at  right  angles  is  also  very  useful  for  this  purpose. 
The  Roux  spatula  of  niokelled  steel  was  first  employed 
for  the  purpose  of  transplanting  bits  of  diphtheritic 
membrane  to  the  culture  tube.  A  similar  spatula  made 
of  thick  iron  wire  is  extremely  useful  for  transferring 
moulds  and  compact  growths,  such  as  that  of  actino- 
myces.  The  Nuttall  platinum  spear  is  particularly  useful 
for  transferring,  bits  of  tissue,  blood,  etc.,  to  the  nutrient 
media.     These  two  instruments  are  shown  in  Fig.  5095. 


Fig.  5094.— Platinum  Wires, 
Fused  in  Glass  Rods. 
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The  transferring  of  liquids,  in  large  or  m  small  quan- 
tities, can  best  be  done  by  means  of  drawn-out  glass 
tube  pipettes,  as  is  practised  by  the  Pasteur  School. 
This  technique  is  at  once  simple  and  invaluable,     i  he 
preparation   of   these   pipettes    will    be 
understood  from  Fig.  5096. 

The  glass  tubing,  which  has  a  diameter 
of  about  8  mm.,  is  cut  up  into  lengths  of 
about  twelve  inches.  By  means  of  the 
blast  lamp  a  sUght  constriction  is  made 
at  about  two  inches  from  each  end. 
This  serves  to  prevent  the  cotton  plug 
from  faUing  down,  and  also  tends  to  keep 
the  liquid  from  reaching  the  cotton. 
The  ends  of  each  tube  are  then  carefully 
rounded  out  in  the  flame.  A  piece  of 
cotton  is  then  pushed  into  the  end  of 
each  tube.  The  tubes  thus  prepared 
(Fig.  5096,  a)  are  then  sterilized  in  the 
dry-heat  oven,  after  which  they  may  be 
stowed  away  for  future  use. 

Whenever  it  is  desired  to  make  a  pi- 
pette, one  of  these  tubes  is  heated  in  the 
middle  in  a  blast  flame,  and  when  the 
glass  has  thoroughly  softened,  the  two 
halves  are  slowly  drawn  apart.  A 
relatively  wide,  thick-walled  capillary, 
about  sixteen  inches  long,  is  thus  ob- 
tained (Fig.  5096,  6).  This  is  then 
sealed  in  the  flame  in  the  middle,  and 
the  result  is  two  pipettes.  For  trans- 
ferring large  quantities  of  liquid  a  bulb 
is  blown  in  the  pipette  (Fig.  5096,  e). 
This  is  made  by  directing  a  narrow 
blast  flame  against  the  tube,  which  is 
at  the  same  time  rotated.  As  the  glass 
softens  the  ends  are  sUghtly  pushed  to- 
gether, so  as  to  form  a  thick  ring  of 
glass.  This  is  repeated  once  or  twice. 
Finally  a,  large  blast  flame  is  turned 
on,  and  when  the  thickened  glass  is  per- 
fectly soft,  the  end  is  brought  into  the 
mouth  and  the  bulb  is  blown.  The 
glass  should  be  rotated  during  this  op- 
eration, and  in  fact  in  all  work  of  this  kind. 

To  use  a  pipette,  the  mouth  end  should  first  be  rolled 
for  a  few  seconds  in  a  flame  so  as  to  insure  sterility ;  the 
capillary  end  is  then  scratched  with  a  file  and  the  tip  is 
broken  off,  after  which  the  capillary  is  flamed.  As  soon 
as  the  tube  has  cooled,  which  fact  can  be  ascertained  by 
blowing  through  the  pipette  against  the  back  of  the 
hand,  it  is  ready  for  use.     The  closure  of  the  pipette 


a.  b. 

Fig.   5  095. —  a, 

Roux    spatula ; 

h,  Nuttall's 

platinum  spear. 


Plate  Cultures. — Sohd  media,  such  as  gelatin  or  agar, 
either  plain  or  modified,  are  employed  for  this  purpose. 
The  starting-point  in  this  method  were  the  shde  cultures 


Fig.  5097.— Koch's  Levelling  Apparatus. 

used  by  Koch  in  his  early  investigations.  The  liquefied 
gelatin  was  poured  upon  the  surface  of  sterile  glass 
slides,  which  were  levelled  and  kept  cool  by  means  of 
the  apparatus  shown  in  Fig.  5097.  The  lower  dish  was 
filled  with  ice-water  and  the  whole  was  set  true  by  the 
aid  of  a  small  spirit-level.  A  series  of  parallel  streaks 
was  then  made  on  the  solid  gelatin  by  means  of  a  plat- 
inum wire,  which  was  dipped  in  the  material  to  be 
planted.  A  number  of  slides  were  thus  made,  after 
which  they  were  stacked  on  glass  benches  (Fig.  5098), 
and  placed  in  a  moist  chamber  to  develop  (Fig.  5099). 
The  first  streak,  on  account  of  the  large  number  of  or- 
ganisms planted,  would  probably  yield  a  continuous 
solid  growth.  The  next  streak  would  have  fewer  germs, 
and  the  succeeding  ones  still  less  until  eventually  only 
single  germs  would  be  deposited,  separated  by  an  appre- 
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Fig.  5096.— Pasteur  Pipctli's,  .showing  .Methnd  of  Preparation.    (Novy.) 
is  effected  by  means  of 


when  it  is  filled  with  the  liquid 
the  tongue. 

The  great  value  of  the  pipette  lirs  in  the  fact  that  it 
can  be  made  in  a  few  minutes,  and  can  be  used  to  trans- 
fer liquids  from  one  tube  to  another,  for  drawing  blood 
from  the  heart,  fluids  from  the  cavities ,  etc.  It  is  in- 
deed even  more  useful  than  a  platinum  wire. 


Fig.  5098.— Glass  Benches  and  Culture  Slides. 

ciable  distance  from  the  following  ones.  Wherever  a 
single  organism  was  deposited,  as  a  result  of  multiplica- 
tion, a  colony  would  soon  make  its  appearance.  (See 
Plate  LXI.) 

The  slide  method  was  soon  improved  by  substituting 
larger  glass  plates  (10  X  13  cm.).  Instead  of  making 
streak  dilutions  as  just  given,  the  gelatin  was  liquefied, 
inoculated,  and  poured  out  upon  the  sterile  plates,  which  ■ 
were  cooled  on  the  plating  apparatus.  This  method  of 
plating  may  be  used  when  the 
special  Petri  dishes,  ordinarily  era- 
ployed,  are  not  obtainable.  The 
fact  that  the  method  required  a 
lot  of  apparatus,  slides,  slide-box, 
levelling  apparatus,  ice,  moist 
chamber,  etc.,  as  well  as  the  fact 
that  contamination  from  the  air 
and  from  the  dripping  of  the  super- 
posed plates  was  unavoidable,  led 
Petri  to  introduce  the  modification 
whiph  luis  almost  entirely  supplant- 
ed the  older  method. 

Gelatin  Petn  Platen. — In  this 
method,  as  in  the  preceding,  the 
gelatin  is  first  melted  by  immer- 
sion in  warm  water  for  a  few  min- 
utes. By  means  of  a  sterile,  looped, 
platinum  wire  u.  small  quantity  of 
examined  is  transferred  to  a  tube 
marked  1 .  By  means  of  the  wire 
the  material  is  thoroughly  mixed  with  the  gelatin. 
Another  tube,  marked  2,  is  then  placed  beside  the  first, 
from  which  three  loopfuls  of  gelatin  are  carried  over 
to  tube  2,  with  the  contents  of  which  they  are  well 
mixed    (Fig.   5100).     A  third   tube,   marked  3,  is  then 
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the  material  to  be 
of  liquefied  gelatin 
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placed  beside  number  2,  and  three  loopfuls  of  gelatin 
are  transferred  from  tube  2  to  tube  3.  It  is  evident 
from  this  procedure  that  even  if  the  first  tube  received 
a  million  germs  the  second  tube  would  contain  only  a 
small  fraction,  and  the  third  tube  would  contain   still 


Fig.  5099.— Moist  Chamber  witU  Stacked  Plates. 

less.      The  platinum  wire  must  of  course  be  sterilized 
whenever  an  inoculation  is  made  into  a  new  tube. 

A  number  of  Petri  dishes  (Fig.  5101),  which  are  10 
cm.  in  diameter  and  1  cm.  high,  are  previously  sterilized 
by  heating  in  a  dry-heat  oven  for  one  hour  at  1.50°,  or 
for  a  few  minutes  at  200°,  and  allowed  to  cool.  To 
pour -the  plate,  the  cotton  is  removed  from  one  of  the 
tubes,  and  the  open  end  is  rolled  for  a  few  seconds  in 
the  flame  so  as  to  sterilize  it.  In  a  few  seconds  the  end 
of  the  tube  becomes  cool,  after  which  the  contents  are 
poured  out  into  the  Petri  dish.     The  lid  of  the  latter  is 

removed  just  sufficiently 
to  allow  the  gelatin  to  be 
introduced.  By  tilting, 
the  gelatin  is  then  spread 
all  over  the  bottom  of 
the  dish.  The  latter  is 
then  set  aside  in  a  cool 
place  for   the   gelatin  to 


Fio.  SlOO.-Method  of  Holding 
the  Tubes  wbeu  Mal;ing  Dilu- 
tions. 


set.      With  a  good   gelaiii 

this  \^ill  take  place  even  ii 

the  ordinary  room  withii 

few  minutes.     The  remtu 

ing  gelatin  tubes  are  poui 

in  the  same  manner.     Euth 

plate   should    be   nvmibered 

to   correspond    to  the    tube 

from   which  it    was    made. 

They  should  be  marked  also 

•with  the  date  and  the  kind  of  material  used.     A  Faber's 

colored  wax  pencil  is  used  for  this  purpose. 

Agar  Petri  Plates. — Inasmuch  as  gelatin  melts  at 
a-bout  25°  C.  it  follows  that  the  method  just  given  can- 
not be  used  when  the  organism  requires  the  tempera- 
ture of  the  incubator.  In  such  cases  it  is  necessary  to 
resort  td  the  use  of  agar.  The  nutrient  again  is  first 
melted  by  heating  in  a  water-bath  at  100°  C.  The  flame 
is  then  turned  out  and  the  tubes  are  allowed  to  cool  in 
the  water  bath  until  a  temperature  of  about  45°  is 
reached.  The  agar  solidifies  at  about  40°,  and  conse- 
quently the  dilution  must  be  made  rapidly  and  the 
plates   poured   before  that  point  is  reached.     Dilution 


Fig.  5101.— Petri  Dish  lor  Plating. 

cultures  are  made  in  the  same  way  as  just  given  for 
gelatin.  The  three  agar  tubes  are  then  poured  out  into 
the  corresponding  sterile  Petri  dishes.  The  agar 
promptly  sohdifies,  and  for  that  reason  the  spreading 


of  the  agar  over  the  bottom  must  be  hastened.  The 
agar  plates  are  then  set  aside  to  develop  either  at  the 
temperature  of  the  room  or  at  that  of  the  incubator. 

Esmarch  Roll-tube  Culture. — This  modification  of  the 
plate  method  does  away  with  the  use  of  any  special 
container  other  than  the  test  tube.  The  dilutions  in 
gelatin  are  made  in  the  usual  way.  According  to  the 
original  directions  the  cotton  plug  was  cut  off  short,  and 
the  end  of  the  tube  was  covered  with  a  close-fitting  rub- 
ber cap.  The  tube  was  then  immersed  and  rotated  in 
an  almost  horizontal  position  in  ice- 
water.  The  gelatin  solidified  in  an 
even  film  over  the  inside  of  the  test 
tube  (Fig.  5102). 

A  more  convenient  way  of  rolling 
the  tubes  was  devised  by  Booker. 
With  the  aid  of  a  large  test  tube 
filled  with  warm  water  a  groove  is 
melted  into  a  block  of  ice.  The 
gelatin  tubes  are  then  rolled  in  this 
groove  until  the  gelatin  solidifies  in 
a  smooth,  even  film.  Nuttall  has 
modified  this  procedure  by  replac- 
ing the  ice  block  with  a  marble 
block  provided  with  grooves  for  the 
test  tubes.  Running  tap  water 
serves  to  cool  the  tubes. 

If  the  tubes  are  not  rolled 
smoothly  they  can  be  softened  by 
gentle  warming  and  reroUed.  One 
advantage  of  this  method  lies  in 
the  fact  that  desiccation  can  be 
retarded  more  than  with  the  other 
methods.  Air  contamination  is 
likewise  diminished.  On  the  other 
hand,  the  presence  of  a  few  lique- 
fying bacteria  may  spoil  the  tube. 
The  Esmarch  roll  tubes  should  be 
kept  in  a  cool  place  to  ■  prevent 
melting.  "\\'hen  the  colonies  de- 
velop they  majr  be  examined  by 
placing  the  tube  on  the  stage  of  the 
microscope.  To  transplant  the 
colonies  a  platinum  wire,  provided 
mth  a  hook,  as  shown  in  p'ig. 
5094,  should  be  used. 

Shake  Cultures. — Dilutions  are 
made  in  gelatin  or  agar  as  hereto- 
fore described.  The  tubes  are  then 
sohdified  in  an  upright  position  and 
allowed  to  develop.  If  it  is  desired 
to  transplant  a  given  colony  the 
test  tube  should  be  scratched  with 
a  diamond  at  about  the  level  of  the 
colony.  On  touching  the  scratch 
with  a  hot  rod  the  crack  can  be 
led  around  the  tube,  after  which 
the  two  parts  can  be  separated.  By  means  of  a  ster- 
ile knife  the  medium  can  be  cut  and  the  colony  ex- 
posed. In  the  case  of  agar  the  entire  cylinder  of  agar 
can  be  forced  out  of  the  tube  into  a  sterile  dish  by  the 
cautious  application  of  a  flame  to  the  lower  end  of  the 
tube. 

The  method  offers  a  convenient  means  of  determin- 
ing whether  or  not  the  organism  planted  generates  gas. 
If  such  is  the  case  gas  bubbles  will  make  their  appear- 
ance in  the  medium.  As  will  be  seen  later  this  method 
is  also  useful  in  connection  with  the  cultivation  of  anae- 
robic bacteria. 

Streak  Cultures. — This  procedure,  which  is  essentially 
the  same  as  that  used  by  Koch  in  his  slide  cultures,  is 
very  frequently  made  use  of  at  the  present  time.  Thus, 
sterile  gelatin  or  agar  may  be  poured  into  sterile  Petri 
dishes,  and  after  the  material  has  solidified  a  series  of 
parallel  streaks  may  be  made  with  an  infected  wire. 
The  Kruse  platinum  brush  may  be  -used  to  spread  the 
organisms  over  the  surface.  A  narrow  glass  rod,  bent 
and  flattened  at  the  end,  has  been  used  for  spreading 
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Fig.  5102.— Esmarch's 
KoU  Culture. 
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gonorrhceal  pus  over  plates.  Cotton  swabs  are  used  for 
the  same  purpose  in  the  case  of  diphtheria. 

As  in  the  eass  of  the  Esmarch  roll  tube,  the  Petri  dish 
may  be  omitted  in  this  method.  In  that  event  the  gela- 
tin or  agar  is  melted  and  aUowed  to  solidify  in  an  in- 
clined position.  The  streaks  are  then  made  on  the  sur- 
face of  the  inclined  medium.  Potato  tubes  are  inocu- 
lated in  the  same  way.     (See  Plates  LX.  and  LXI.) 

To  obtain  perfectly  isolated  colonies  by  this  method 
the  same  wire  should  be  used  to  make  parallel  streaks  on 
each  of  four  or  five  tubes.  When  the  colonies  develop, 
transplantations  can  be  mkde  by  means  of  a  bent  wire. 

Hanging-drop  Cultures. — A  concave  or  well  slide, 
shown  in  Figs.  5117  and  5118,  is  used.  The  cover-glass 
must  first  be  sterilized  by  passing  it  several  times  through 
a  flame.  A  large  drop  of  sterile  bouillon  is  then  placed 
in  the  centre,  and  .this  is  inoculated  with  the  germ 
to  be  studied.  The  slide  with  a  ring  of  vaseline  is  then 
inverted  and  brought  down  upon  the  cover-glass,  after 
which  the  preparation  is  turned  over.  Care  must  be 
taken  to  see  that  the  vaseUne  closure  is  perfect.  This 
method  of  cultivation  is  used  to  study  the  multiplication 
of  the  bacteria  under  the  microscope. 

Hanging-block  Cultures. — In  order  to  be  able  to  study 
the  morphology  and  the  multiphcation  of  the  diphtheria 
bacillus  to  better  advantage  than  that  afforded  by  the 
hanging  drop.  Hill  devised  the  following  procedure: 
Melted  nutrient  agar  is  poured  into  a  Petri  dish  to  a 
depth  of  about  one-eighth  to  one-quarter  inch.  When 
cool,  a  block  of  agar  is  cut  out,  about  one-quarter  to  one- 
third  inch  square,  and  of  the  thickness  of  the  agar  layer 
in  the  dish.  The  block  is  placed,  under  surface  down, 
on  a  slide  and  protected  from  dust.  A  suspension  of  the 
growth  to  be  examined  is  then  made  in  sterile  w'ater  or 
a  bouillon  culture  is  used.  The  suspension  is  spread 
over  the  upper  suface  of  the  block  as  if  making  an  ordi- 
nary cover-slip  preparation.  The  slide  and  block  are 
then  set  aside  in  the  incubator  at  37°  for  five  or  ten 
minutes,  to  dry  slightly.  A  clean  sterile  cover-slip  is 
then  placed  on  the  inoculated  surface  of  the  block  in 
close  contact,  avoiding  large  air  bvibbles.  The  slide  is 
then  removed  from  the  under  surface  of  the  block,  and 
the  cover  sUp  is  inverted  so  that  the  agar  block  is  up- 
permost. With  the  aid  of  a  platinum  wire  a  drop  or 
two  of  melted  agar  is  run  along  each  side  of  the  agar 
block,  to  fill  the  angles  between  the  sides  of  the  block 
and  the  cover-slip..  This  seal  hardens  at  once  and  pre- 
vents slipping  of  the  block.  The  preparation  is  again 
placed  in  the  incubator  for  five  or  ten  minutes  to  dry 
the  agar  seal.  Finally  the  preparation  is  inverted  over 
a  moist  chamber  or  suitable  well  shde.  The  cover-slip 
is  sealed  in  place  with  white  wax  or  paraffin.  Vaseline 
cannot  be  used  because  it  softens  at  37°  The  "  hang- 
ing block,"  thus  prepared,  is  examined  on  a  warm  stage 
or  in  the  incubator-room. 

Trans-plantation  of  Colonics. — The  entire  object  of 
niakino;  plate  culture  by  any  one  of  the  several  methods 
given  is  to  obtain  single  isolated  colonies,  which  can  be 
transplanted  to  other  media,  and  the  organism  present 
can  then  be  studied  in  perfectly  pure  condition.  The 
colony  as  indicated  is  presumably  derived  from  a  single 
cell,  and  consequently  is  a  pure  culture.  The  trans- 
plantations or  subcultures  can  be  made  to  gelatin,  agar, 
serum,  bouillon,  milk,  etc.  ^^'hen  the  colonies  are  on  a 
plate  or  in  a  Petri  dish  a  .straight  wire  is  used.  The 
plate  is  first  carefully  examined  under  the  microscope, 
and  a  colony  is  selected  which  is  clearly  single.  If  pos- 
sible it  should  be  the  only  one  in  the  field  of  the  Xo.  3 
or  one-third  inch  objective.  The  farther  apart  that  the 
colonies  are  the  less  likely  are  they  to  intermingle.  .Vs 
originally  directed,  the  colonies  were  touched  under  the 
microscope  by  a  sterile  platinum  wire,  and  in  this  way 
a  few  of  the  bacteria  were  removed.  Care  had  to  be 
taken  that  the  wire  did  not  touch  the  objective  or  any 
other  part  of  the  gelatin.  This  operation  of  "  fishing,'' 
as  it  is  called,  obviously  requires  considerable  practice 
and  care.  An  equally  good  procedure  is  to  pick  out  the 
desired  colony  under  tlie  -microscope.     The  tube  of  the 


microscope  is  then  raised,  and  the  point  of  the  sterile 
wire  is  brought  down  so  that  it  cuts  the  colony  and 
nothing  else.  The  tube  is  then  again  lowered  and  the 
site  of  the  colony  examined  to  make  sure  that  nothing 
but  the  colony  was  touched.  If  such  is  the  case  the 
wire  is  then  used  for  the  subculture. 

Stab  Cultures.— A  tube  of  solid  gelatin  is  taken,  the 
cotton  plug  is  seized  by  the  right  little  finger  and  re- 
moved. The  mouth  of  the  tube  is  theii  flamed,  after 
which  the  wire,  laden  with  the  bacteria,  is  inserted  and 
carefully  passed  down  the  centre  of  the  gelatin.  The 
organisms  are  thus  planted  along  the  line  of  inoculation. 
The  cotton  plug  is  replaced  and  the  tube  is  labelled  and 
set  aside.  The  form  of  the  growth  is  then  noted  from 
day  to  day,  also  the  presence  of  gas,  liquefaction,  pig- 
ment, etc.  The  characteristics  of  the  stab  cultures  are 
of  the  very  greatest  importance  in  the  identification  of 
bacteria.  If  the  gelatin  is  old  and  partially  dried,  the 
passage  of  the  needle  is  likely  to  cause  a  split  in  the  me- 
dium. This  can  be  avoided  by  melting  and  resolidify- 
ing the  gelatin.     (See  Plates  LX.  and  LXI.) 

Streak  Cultures. — These  are  also  known  as  "  smear 
cultures."  The  gelatin  or  agar  tubes  are  melted  and 
solidified  in  an  inclined  position.  Similarly  solidified 
blood  serum  is  also  used ;  so  al.'o  are  the  potato  tubes. 
The  infected  platinum  wire  is  drawn  along  the  middle 
of  the  surface  of  the  medium  by  making  one  single 
streak.  The  growth  develops  along  the  line  of  inocula- 
tion, and  spreads  in  a  more  or  less  characteristic  man- 
ner.    (See  Plates  LX.  and  LXI.) 

Flask  Cultures. — Flat  flasks  may  be  used  for  the  cul- 
tivation of  bacteria  en  masse  where  the  organisms  are 
desired  in  large  quantities.  The  flask  possesses  an  ad- 
vantage over  the  Petri  dish  in  that  it  is  much  less  likely 
to  become  contaminated  from  without.  For  this  pur- 
pose the  KoUe  culture  flask,  or  any  similar  flat  flask 
with  a  smaller  mouth,  may  be  employed.  To  a  properly 
plugged  and  sterilized  flask,  sufficient  fluid  gelatin  or 
agar  medium  is  added  to  form  a  layer  about  a  quarter  of 
an  inch  in  thickness  over  one  side.  It  is  again  steril- 
ized by  steaming  and  the  medium  is  allowed  to  solidify 
with  the  flask  lying  on  its  side.  When  solid  the  free 
surface  of  the  medium  may  be  inoculated  with  organ- 
isms in  broth  or  salt  solution  suspension  by  spraying  or 
brushing  over  with  a  Kruse's  brush.  After  the  growth 
has  sufficiently  developed,  it  is  removed  by  being 
scraped  off.  A  spatula,  glass  i"od  with  angle  at  end,  or 
similar  instrument  may  be  used  for  this  purpose.  Ster- 
ile broth  or  salt  solution  may  be  used  to  aid  in  washing 
the  culture  free.  For  the  cultivation  of  bacteria  on  -a 
large  scale,  Xovy  and  ^'aughan  introduced  large  me- 
tallic tanks,  with  tightly  fitting  covers. 

Liquid  Cultures. — The  tubes  of  sterile  bouillon,  milk, 
serum,  etc.,  are  inoculated  by  simply  introducing  some 
of  the  material  from  a  colony  by  means  of  the  sterile 
wire. 

The  subcultures  from  tube  to  tube  are  made  in  the 
same  way  as  just  gi\en.  The  drawn-out  glass-tube 
pipettes  and  spatulas  can  be  used  to  transfer  the  mate- 
rial from  one  tube  to  another  or  to  flasks. 

Anaerobic  Ciiltivation-  or  Bacteria. — The  meth- 
ods just  given  are  essentially  aerobic,  since  there  is  free 
access  of  air.  As  is  well  known  there  are  two  classes  of 
bacteria  with  reference  to  their  oxygen  requirements. 
The  aerobic  bacteria  li\e  in  the  presence  of  air,  while 
the  anaerobic  thrive  only  in  the  absence  of  oxygen.  In 
order  to  cultivate  the  latter,  special  methods  must,  there- 
fore, be  employed  which  will  supply  the  needed  condi- 
tions. Numerous  procedures  have  been  devised  for 
this  purpose,  and  to  gi\e  all  of  these  would  be  beyond 
the  scope  of  tills  article.  It  will  be  sufficient  to  indi- 
cate the  principles  which  serve  as  a  basis  for  these  meth- 
ods, ami  to  describe  those  which  are  most  widely  used. 

1.  Exchision  of  O.ri/gcn. — This  was  accomplished  by 
Pasteur  in  his  early  work  by  pouring  a  layer  of  oil  upon 
the  culture  fluid.  This  served  to  exclude  the  air  and 
allowed  the  bacteria  to  develop.  Koch  obtained  anae- 
robic conditions  bj'  covering  the  surface  of  the  gelatin 


428 


Reference  Handbook 

OF  THE 

Medical  Sciences. 


Plate  lx. 


1. 

S. 

3. 

*. 

5. 

6. 

7. 

Black 

Red 

Brown 

Yellow 

Bacillus 

Bacilltis 

Bacillus 

Yeast. 

Yeast. 

Yeast. 

Saroina. 

Prodigiosns.- 

Indicus. 

Violaceus 

Micrococcus 
Tetrsgenus. 


15. 
Staphylococcus 
of  Osteo- 
myelitis. 


16. 
The  same 
io  gelatine. 


n. 

Staphylococcus 

pyogenes 

albus. 


IS. 

Streptococcus 
pyogenes. 


19. 

Streptococcus 
of  erysipelas. 


20. 

Streptococcus 

of  Puerperal 

Fever. 


TEST-TUBE  CULTURES. 

Reproduced  from   Huber  &  Becker's  "Untersuchungs-Methoden  " 


REFERENCE   HANDBOOK   OF  THE   JEEDICAL   SCIENCES. 


Bacteriological 
Teclintciuc, 


Others  have  done  the 


n 


plates  with  a  thin  sheet  of  mica, 
same  with  glass  plates. 

The  I.iborius  method  of  cultivation  in  deep  layers 
falls  under  this  head.     It  is  simple  and  is  constantly 
used.     Ordinary   stab    cult- 
ures are  made  iu  the  suit- 
able  media,  preferably  glu- 
cose agar.     Another  tube  of 
agar  is  liquefied,  cooled  to 
about  50°,  and  the  contents  of  this    are  then 
poured  on  top  of  the  stab  culture.      Care  must 
be  taken  to   flame   the  mouths  of  both  tubes 
so  as  to  avoid  contamination.     The  upper  layer 
of  agar  serves  to  keep  out  the  air.     The  cult- 
ures can  be  prepared  equally  well  by  employ- 
ing agar  or  gelatin  tubes  filled  with  the  medi- 
um to  a  depth  of  about  two  inches.     It  is  well 
to   place  the  tubes  in  boihng  water  for  some 
time  to   drive  off  the  absorbed  oxygen,   then 
sohdify  rapidly  by  chilling.     Use  a  tightly  fitting 
stopper  in  the  tube  to  exclude  the  air.     After  the 
stab  is  made,  the  line  of  puncture  closes  up  itself, 
and   the   growth   then    develops   in   the  lower 
pai't  of  the  tube,  as  shown  in  Fig.  5103. 

Isolated  colonies  can  also  be  obtained  by  this 
method.  The  liquefied  medium  is  inoculated 
and  dilutions  are  made  as  for  shake  cultures. 
The  tubes  are  then  solidified,  and  if  necessary 
an  additional  layer  of  medium  is  poured  on  top. 
AVhen  the  colonies  develop  they  can  be  reached 
according  to  the  directions  given  under  shake 
cultures.  Another  procedure  is  to  make  Es- 
march  roll  tubes  and  then  fill  the  inside  with 
gelatin  or  agar. 

The  drawn-out  glass  -  tube 
pipettes  (Fig.  5096)  have  been 
used  by  Roux  for  this  same 
purpose.  The  liquefied  medi- 
um is  inoculated  and  drawn  up 
into  the  pipette,  which  is  then 
sealed  above  and  below  the 
contents.  The  colonies  which 
develop  can  be  reached  by 
cutting  the  glass.  A  some- 
what similar  procedure  was 
devised  by  Wright.  A  short 
glass  tube  with  constricted 
ends  is  used.  Each  end  has 
a  piece  of  rubber  tubing  at- 
tached. One  of  these  is  con- 
nected with  a  glass  tube 
which  projects  through  the 
cotton  plug  of  the  test  tube. 
The  test  tube  contains  bouil- 
lon, and  this  contrivance  is 
sterilized  and  inoculated.  The 
bouillon  is  then  drawn  up 
into  the  constricted  tube,  which  is 
sealed  by  simply  pushing  down  on  the 
tube,  so  that  both  rubber  ends  are 
bent  back  on  themselves. 

2.  Displacement  of  Air. — This  is  ac- 
complished   by   passing  through   the 
tube  or  a  suitable  container  an  inert 
gas  till  all  the  air  has  been  displaced. 
Hydrogen  is  the  least  injurious  gas  for 
this  purpose.    It  can  be  generated  from 
zinc  and  sulphuric   acid  in  a  Kipp's 
generator.     The  gas  should  be  washed 
Fig.  5103.— Llborius    by  passing  successively  through  alka- 
Deep   Stab    Cult-    jjj^g  jg^d  acetate,  six  per  cent,  potas- 
Growth     or'tbe    slum    permanganate,  and  finally 
Tetanus  Bacillus,    through  a  solution   of   silver   nitrate. 
After  passing  through   the  apparatus 
the  gas  is  sent  through  a  small  wash  bottle  which  serves 
as  a  valve  to  prevent  air  from  entering  when  the  current 
slows  up.     Such  a  wash  bottle  is  shown  in  Fig.  5105,  H. 
After  the  gas  has  passed  for  an  hour  or  more  it  should 


Fig.  5104.— Fraen- 
kel's  Modillca- 
tion  of  Llborius 
Tube  for  Anae- 
robes. 


be  tested  by  applying  a  light  as  it  leaves  the  wash  bot- 
tle. If  the  flame  burns  with  explosions  it  is  evident 
that  all  the  air  has  not  been  displaced.  The  operation 
is  continued  until  the  gas  burns  evenly  at  the  mouth  of 
the  tube.  Owing  to  the  danger  of  explosion  the  light 
should  never  be  applied  to  the  outflowing  gas  A\-ithout 
the  safeguard  of  the  water  valve. 

One  of  the  earliest  attempts  at  making  tube  cultures 

by  this    method   was 
that  of  Liborius.     He 
made  use  of  a  special 
test  tube  with  a  de- 
livery tube  fused  into 
the  side.     After  inoculation  of  the   liquid  medi- 
um,'gas  was  passed  through,  and  finally  the  neck 
of  the  test  tube,  as  well  as  the   end  of  the  de- 
livery tube,  was  sealed  in  the  fiame.     This  me- 
thod is  of  only  very  limited  application,  and  re- 
quires much  time  and  is  expensive.     Fraenkel's 
modification  is  a  distinct  improvement.     Ordinary 
large  test   tubes   are  used.     These  are  provided 
with    rubber    stoppers    and   delivery   tubes,    as 
shown  in    Fig.  5104.      After  the  inoculation  of 
the  medium  and  expulsion  of  the  air,  the  tubes 
are  sealed  in  the  flame.     If  it  is  desired  to  obtain 
colonies,  the  tube  can  be  converted  into  an  Es- 
march  roll  tube. 

This  principle  has  been  adapted  in  various 
ways  for  the  purpose  of  obtaining  plate  cultures. 
Kitasato  employed  a,  flat  bottle,  having  a  tube 
fused  at  the  lower  end.  The  dilutions  were 
made  in  the  ordinary  tubes,  after  which  the 
material  was  poured  into  these  flasks,  which 
were  connected  in  series  and  hydrogen  passed 
through.  Finally  the  ends  were  sealed  by  fusing 
in  the  flame,  while  the  neck  of  each  flask  was 
closed  with  a  clamped  rubber  tube.  Several 
modifications  of  this  bottle  have  been  made, 
but  they  are  little  used,  since  methods  were  soon 
perfected  whereby  it  was  possible  to  make  Petri 
plates  in  hydrogen. 

One  of  the  earliest  attempts  in  this  direction 
was  that  of  Bliicher,  who  made  use  of  a  funnel 
which  was  weighted  with  lead  and  inverted  over 
the  plates  in  a  larger  dish.  Air  was  excluded 
by  means  of  glycerin  water.  Hesse  inverted  a 
glass  vessel  in  a  circular  trough  filled  with  mer- 
cury. Liborius  used  a  copper  bell-jar  which  was 
compressed  against  a  rubber  gasket  by  means  of 
set-screws ;  others  made  use  of  bell-jars  inverted 
upon  a  ground-glass  surface.  In  many  respects 
the  Botkin  apparatus  is  useful.  It  is  shown  in 
Fig.  5105.  It  consists  of  a  metal  rack  on  which 
are  placed  the  Petri  dishes.  This  is  set  in  a 
large  outer  dish  which  contains  about  an  inch 
of  liquid  petroleum.  A  bell-j  ar  is  inverted  over 
the  stand.  The  inflow  and  outflow  tubes  are  of 
rubber  stiffened  by  a  copper  wire  on  the  inside.  After 
the  hydrogen  has  been  passed  for  a  sufficient  length 
of  time,  the  tubes  are  withdrawn  and  the  apparatus  is 
then  set  aside. 

The  Novy  apparatus  shown  in  Fig.  5106  leaves  little 
to  be  desired.  The  hollow  stopper  has  two  perforations, 
one  of  which  is  connected  with  a  glass  tube  which  ex- 
tends almost  to  the  bottom  of  the  bottle.  In  the  case  of 
the  plate  apparatus  the  tube  may  be  continued  by 
means  of  a  piece  of  rubber  tubing.  A  perfect  seal  is 
obtained  by  simply  turning  the  stopper  through  an 
angle  of  90°. 

The  bottle  (Fig.  5106,  A)  is  made  in  two  sizes,  8  X  16 
and  10  X  20  cm.,  which  dimensions  do  not  include  the 
neck.  A  piece  of  cotton  should  be  placed  on  the  bottom. 
The  ordinary  test  tubes  containing  any  medium  are 
inoculated  in  the  usual  way.  The  cotton  plug  is  then 
cut  off  square,  and  by  means  of  a  pair  of  crucible  tongs 
the  tube  is  lowered  into  the  bottle.  It  is  advisable,  if 
the  cotton  plug  is  very  tight,  to  loosen  it  up  by  partially 
puUing  it  out.     A  single  jar  can  be  filled  in  this  way 
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^-ith  a  large  number  of  tubes  containing  either  solid  or 
liquid  media.  The  stopper  is  then  put  in  place  and  the 
apparatus  connected  with  a  hydrogen  generator.  "\A'hen 
the  gas  has  passed  for  a  sufficient  length  of  time  the 


Fig.  5105.— Botkin's  Apparatus  tor  Plate  Culture  of  Anagrobes. 

bottle  is  closed  by  giving  the  stopper  a  turn.  As  will 
be  seen,  this  jar  can  be  used  likewise  for  the  pyrogallate 
method. 

The  plate  apparatus  shown  in  Fig.  5106,  R,  consists 
of  two  parts.  The  inner  dimensions  of  the  lower  part 
are  12  X  12  cm.  The  Petri  plates  are  stacked  into  this 
compartment.  The  flanges  are  covered  with  a  mixture 
of  beeswax  and  olive  oil  (1 :  4).  The  two  parts  are  then 
brought  together  and  a  rubber  band  is  slipped  over  the 
outer  edge  of  the  flanges.  Two  or  three  clamps  or  small 
vises  are  now  applied.  The  jaws  of  these  should  be 
covered  with  a  piece  of  rubber  tubing.  Gas  is  passed 
as  in  case  gf  the  bottle,  and  at  the  conclusion  of  this 
operation  the  stopcock  is  given  a  turn  so  as  to  seal  the 
apparatus. 

The  other  modification  (Fig.  5106,  C)  has  a  special 
stopper,  which  enables  it  to  be  used  for  vacuum  cult- 
ures. It  can,  however,  be  employed  equally  well  for 
hydrogen  cultivation.  Moreover,  both  forms  of  the 
plate  apparatus,  as  well  as  the  bottle,  can  be  used  for 
the  pyrogallate  method. 

3.  Absorption  of  Oxygen. — The  most  convenient  ab- 
sorbent for  this  purpose  is  an  alkaline  solution  of  pyro- 


gram  of  pyrogallic  acid  and  a  suitable  support.  The 
tube  containing  the  nutrient  medium  is  inoculated  in 
the  usual  way  and  placed  on  this  support.  Finally  10 
c.c.  of  a  ten-per-cent.  solution  of  potassium  or  sodium 
hydrate  is  added  from  a  pipette,  as  rapidly  as 
possible,  and  the  tube  is  then  quickly  closed 
with  the  stopper. 

As  mentioned  above,  the  Xovy  apparatus  can 
be  employed  for  the  pyrogallate  method.  In. 
the  case  of  the  jar  a  wide  tube  is  introduced 
which  contains  about  2  gm.  of  the  acid.  After 
the  culture  tubes  have  all  been  inserted,  about 
20  c.c.  of  a  twenty-five-per-cent.  solution  of 
sodium  hydrate  is  introduced  into  the  pyro- 
gallate tube  from-a  pipette,  and  the  stopcock  is 
then  inserted  as  quickly  as  possible  and  turned. 
In  the  case  of  the  plate  apparatus  a  crystallizing- 
dish,  about  10  cm.  in  diameter  and  about  2  cm. 
high,  is  placed  on  the  bottom,  and  about  4 
gm.  of  pyrogallic  acid  added.  A  couple  of  strips 
o,f  glass  are  then  placed  on  top,  and  on  these  are 
stacked  the  Petri  dishes.  Twenty-five  cubic 
centimetres  of  the  strong  alkali  is  introduced 
in  the  manner  just  mentioned,  after  Avhich  the 
top  is  put  into  place,  the  clamps  and  the  rubber  band 
are  apphed. 

Wright's  method  will  be  found  to  be  very  useful  for 
oocisional  cultures.  The  cotton  plug  is  cut  off  square 
and  pushed  down  about  1  cm.  into  the  tube.  The  plug 
is  made  of  absorbent  cotton.  It  is  then  moistened  with 
about  4  c.c.  of  a  strong  solution  of  pyrogallic  acid,  after 
which  about  the  same  volume  of  strong  sodium  hydrate 
(1:  2)  is  added.  Ihe  tube  is  closed  as  rapidly  as  possi- 
ble with  a  tight-fitting  rubber  stopper.  Obviously, 
solid  pyrogallic  acid  may  be  used. 

It  will  be  seen  that  the  pyrogallic-acid  method  is  ex- 
tremely convenient  and  very  simple,  requiring  a  mini- 
mum of  time  and  expense.  The  method  is  also  appli- 
cable for  the  hanging-drop  examination  of  anaerooic 
bacteria.  A  drop  of  alkali  and  of  the  acid  can  be  placed 
on  the  side  of  the  concave  slide.  After  the  cover  is  in 
place  the  slide  can  be  tilted  so  as  to  bring  the  two  liq- 
uids together.  A  special  slide  for  this  purpose  was  de- 
vised by  Braatz  (Fig.  SIOS). 

The  hanging  drop  is  made  and  placed  over  the  well. 
The  flat  flask  contains  the  pyrogallic  acid  and  com- 
municates with  the  space  below  the  drop.     Strong  al- 


FiG.  5106.— Novy  Apparatus  for  AnaSrobes. 


gallic  acid.  The  principle  was  first  utilized  by  Buchner 
for  tube  cultures,  as  shown  in  Fig.  5107.  The  large 
outer  tube  is  provided  with  a  closely  fitting  rubber 
stopper.     On  the  bottom  of  the  tube  is  placed  about  a 


A,  Bottle  for  tube  cultures  ;  B,  jar  for  Petri  plates;  C,  jar  for  plates  wltb  special  stopcock  for 
vacuum  culture. 

kali  is  finally  added  and  the  flask  is  closed  with  a  stop- 
per. Pyrogallic  acid  can  also  be  employed  in  connec- 
tion with  Hill's  "  hanging-block  "  culture.  Another 
apparatus  for  anaerobic  hanging  drops  is  that  of  Kiihne. 
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It  is  very  serviceable  and  can  be  used  for  either  the  sas 
or  pyrogallate  process. 

4.  Exhaustion  of  Air.— Pasteur  employed  U-shaped 
tubes,  irom  which  the  air  was  removed  by  means  of  an 
air  pump.  Gruber  applied  the  principle  to  the  tube 
culture.     Me  used  a  stout  glass  tube,  which  was  pro- 

vided    with   a  stopper,   through  which 

1  I        passed  a  short  glass  tube  by  which  con- 

i  /        neotion  was  made  with  the  air  pump. 

The  test  tube  was  constricted  just  be- 
low the  stopper  so  as  to  facilitate  the 
subsequent  sealing  process.  The  tube 
was  filled  in  the  usual  way  with  the  nu- 
trient medium  and  inoculated.  It  was 
then  connected  with  the  pump,  and  as 
soon  as  the  air  was  exhausted  the  tube 
was  sealed  at  the  constriction.  The 
plate  apparatus  shown  in  Fig.  5106,  C, 
is  intended  for  vacuum  as  well  as  gas 
or  pyrogallate  cultures.  It  can  be  used 
for  tube  or  plate  cultures. 

.5.  Mixed  Cultures. — This  method  of 
cultivating  anaerobic  bacteria  corre- 
sponds to  the  way  in  which  these  or- 
ganisms grow  in  nature.  If  the  anae- 
robic is  planted  together  with  an  aerobic, 
the  latter  will  consume  all  the  oxygen 
in  the  immediate  neighborhood,  and  as 
a  result  the  anaerobe  will  grow.  Thus, 
if  the  tetanus  and  hay  bacilli  are  plant- 
ed at  the  same  time  into  a  tube  of  bouil- 
lon, they  will  both  develop.  Other 
aerobic  bacteria,  such  as  Bacillus  pro- 
digiosus  and  Proteus  vulgaris,  can  be 
used  for  the  same  purpose.  The  mixed 
culture  method  is  also  applicable  to  the 
cultivation  of  certain  protozoa  (amoebae). 
But  perhaps  this  is  due  to  altered  medi- 
um rather  than  aiiy  oxygen  require- 
ment. Musgrave  and  Clegg  found  that 
amoebae  could  be  cultivated  upon  a, 
special  medium  when  grown  with  pure 
cultures  of  certain  intestinal  organisms, 
as  B.  coli. 

6.  Cultivation  in  Air. — This  of  course 
is  apparent  rather  than  real.  If  a  tube 
of  glucose  gelatin,  preferably  colored 
with  litmus,  be  inoculated  with  an  anae- 
robe and  then  set  aside  in  the  incuba- 
tor, an  abundant  growth  will  develop 
(Novy's  method).  Similarly,  when  deep 
stab  cultures  are  made  of  the  anaerobes, 
it  will  be  found  quite  frequently  that  the  water  of  con- 
densation on  the  top  of  the  medium  is  cloudy  from  the 
growth  of  the  germs.  The  explanation  in  the  one  case 
is  that  air  is  excluded  partly  by  the  viscosity  of  the  Uquid 
and  partly  by  the  evolved  gases.  The  gas  formation  ac- 
counts for  the  growth  of  the  germs  in  the  water  of  con- 
densation. The  culture  in  glucose  litmus  gelatin  is  by 
far  the  simplest  way  of  growing  anaerobes.  Moreover, 
the  cultures  thus  obtained  retain  their  vitality  for  many 
years.  In  some  cases  the  author  has  recovered  cultures 
from  tubes  five  and  six  years  old. 

Colhdium  Sacs. — This  method  of  cultivating  has  been 
used  extensively  by  the  Pasteur  School  for  exalting  the 
virulence  of  bacteria.  The  underlying  idea  is  to  grow 
the  organisms  in  the  peritoneal  cavity  of  an  animal,  and 
under  such  conditions  that  the  waste  products  of  the 
germs  will  be  removed,  an  abundant  supply  of  nutrient 
material  furnished,  and  the  germs  themselves  protected 
against  the  action  of  phagocytes.  This  is  accomplished 
by  enclosing  the  bacteria  in  an  hermetically  sealed  sac, 
the  walls  of  which  are  permeable  to  the  waste  products 
of  the  germs  and  to  the  soluble  proteids  of  the  peritoneal 
fluid.  Several  Russian  workers  have  employed  for  this 
purpose  the  inner  lining  membrane  of  reeds,  but  the  best 
procedure  is  to  make  the  sacs  of  coUodium.  Various 
methods  have  been  devised  for  the  rolling  of  the  sac,  but 


A 


Fig.  5107.— Bueli- 
ner's  Pyrogal- 
late Method. 


undoubtedly  the  best  and  simplest  is  that  preferred  in 
the  author's  laboratory  by  Gorsline. 

The  roUing  tube  employed  for  making  sacs  is  about 
twelve  to  fifteen  inches  long,  and  of  any  width  that  may 
be  desired.  For  ordinary  purposes  a  width  of  half  an 
inch  is  sufficient.  One  end  of  this  tube  is  rounded  off 
like  a  test  tube,  and  has  a  2-mm.  opening  at  the  tip. 
This  opening  is  first  closed  with  coUodium  either  by 
touching  it  with  the  cork  which  has  been  covered  with 
the  solution,  or  the  coUodium  may  be  applied  with  the 
finger.  Care  must  be  taken  to  see  to  it  that  the  collo- 
dium  does  not  get  inside  of  the  tube.  In  a  few  seconds 
the  layer  is  dry  enough  to  go  ahead. 

The  coUodium  used  is  the  United  States  Pharmaco- 
poeia solution,  which  by  exposure  to  the  air  has  been 
concentrated  by  one-third  or  one-half.  It  should  be 
perfectly  clear,  and  if  not  it  must  be  filtered  through 
cotton  by  the  aid  of  a  pump.  The  coUodium  can  be 
kept  in  a  glass-stoppered  cylindrical  vessel,  such  as  is 
used  fgr  the  collection  of  blood.  The  coUodium  is  in- 
clined till  it  comes  within  a  few  inches  of  the  opening. 

The  rolUng  tube,  with  the  opening  freshly  closed,  is 
dipped  in  the  coUodium  and  rolled  several  times  in  the 
liquid.  It  may  be  rolled  so  that  only  the  lower  side  of 
the  tube  touches  the  coUodium.  If  the  sac  is  to  be  very 
thin  it  is  sufficient  to  roll  the  tube  but  two  or  three 
times,  after  which  it  is  raised  from  the  liquid  and  rolled 
in  the  ether  atmosphere  in  a  horizontal  position  till  the 
coUodium  has  set.  If  the  layer  is  not  thick  enough  the 
tube  can  b6  returned  to  the  coUodium,  but  care  must  be 
taken  to  avoid  the  formation  of  air  bubbles.  The  coated 
tube  is  finaUy  roUed  in  the  air  until  it  has  reached  the 
proper  consistence.  This  can  be  ascertained  by  touch- 
ing the  thickest  part  with  the  finger.  The  coUodium 
layer  should  be  rather  firm.  The  tube  is  then  immersed 
in  distilled  water  for  a  minute  or  two.  If  the  coUodium 
is  not  sufficiently  hard,  it  will  cloud  or  become  milky  on 
contact  with  the  water.  It  should  remain  perfectly 
clear,  and  when  finished  a  thin  sac  placed  in  water  is 
almost  invisible. 

To  detach  the  sac  the  tube  is  filled  with  distilled 
water,  and  by  blowing  into  the  open  end  the  water  can 
be  forced  through  the  ppening  below  and  upward  be- 
tween the  sac  and  the  tube.  By  slight  manipulation 
with  the  fingers  the  detachment  can  be  effected  readily 
on  all  sides.  The  free  end  is  then  trimmed  square,  after 
which  the  sac  is  placed  in  distilled  water,  where  it  re- 
mains until  it  is  ready  to  be  attached  to  the  glass  tube. 

An  ordinary  test  tube  having  a  diameter  slightly  less 
than  the  sac  is  constricted  in  the  blast  flame  at  about 
two  inches  from  the  end.  A  scratch  is  then  made,  about 
a  half  an  inch  below  the  constriction,  with  a  diamond, 
and  with  the  aid  of  a  hot  rod  the  end  is  removed.  The 
resulting  tube  has  the  form  shown  in  Fig.  5109,  a.  The 
cut  end  should  be  rounded  in  the  flame  so  as  to  remove 
the  sharp  edge. 

The  inside  of  the  neck  of  the  sac  is  dried  by  means  of 
fllter  paper,  after  which  the  end  of  the  tube  is  inserted. 


Fio.   5108.— Braatz's  Slide   for  Anaerobic  Hanging-drop  Examina- 
tions. 

This  can  be  done  more  easily  if  the  end  of  the  tube  is 
previously  dipped  in  alcohol.  The  next  step,  that  of 
shrinking  the  sac  upon  the  tube,  is  very  important  and 
requires  care.  Most  of  the  shrinking  is  done  by  rotat- 
ing the  tube,  in  a  horizontal  position,  some  distance 
above  a  small  spare-flame  burner.  In  this  way  the  col- 
lodium  can  be  made  to  contract  down  upon  the  glass, 
but  the  operation  must  be  done  slowly  and  at  some  dis- 
tance above  the  flame,  otherwise  there  is  danger  of  ig- 
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niting  the  sac.  The  adhesion  is  rendered  more  com- 
plete by  tlie  application  of  a  hot  glass  rod.  Finally  a 
silk  thread  is  wound  as  closely  as  possible  over  the  glass 
neck,  and  this  in  turn  is  covered  with  a  layer  of  collo- 
dium.  The  sac  now  has  the  appearance  shown  in  Fig. 
5019,  6.  The  finished  sac  is  now  filled  with  distilled 
water  and  placed  in  a  test  tube  on  foot,  -(vhich  also  con- 
tains water  (Fig.  5109,  c),  and  the  whole  is  sterilized 
by  steaming  in  an  autoclave  for  half  an  hour  at  110° 

When  the  sac  is  to  be  used,  the  water  is  removed  from 
the  inside  by  means  of  a  drawn-out  pipette  and  refilled 
in  like  manner  with  bouillon  which  has  been  inoculated 


Fig.  5109.— Preparation  ot  Collodlum  Sacs.    (Novy.) 

with  the  organism  to  be  tested.  The  threaded  part  is 
then  wrapped  in  a  piece  of  sterile  filter  paper,  for  con- 
venience in  handling,  and  the  constriction  is  sealed  in  a 
sharp-pointed  flame.  The  sealed  sac  is  then  placed  in  a 
sterile  test  glass. 

The  rabbit  or  guinea-pig  which  is  to  receive  the  sac  is 
now  attached  to  a  holder  and  the  hair  is  removed  from 
the  abdomen.  The  field  of  the  operation  is  thoroughly 
washed  with  lysol  or  mercuric  chloride.  After  the  ani- 
mal is  anaesthetized  an  incision  is  made  in  the  abdominal 
wall,  and  through  this  the  sac  is  introduced  into  the  peri- 
toneal cavity.  The  incision  is  then  sewed  up  and  cov- 
ered with  cotton  and  a  little  coUodium. 

The  sac  is  allowed  to  remain  in  the  animal  for  a  few 
days  or  even  for  several  months.  To  remove  it  the  ani- 
mal is  killed  with  gas.  The  sac  is  freed  from  the  adhe- 
sions and  transferred  to  a  sterile  test  glass  with  the  glass 
end  downward.  By  means  of  a  hot  rod  an  opening  is 
burned  into  the  end  of  the  sac,  and  through  this  the 
contents  are  removed  by  means  of  a  drawn-out  tube 
pipette.  When  large  sacs  are  to  be  inserted  into  an  ani- 
mal it  is  advisable  to  strengthen  them  by  placing  within 
a  perforated  glass  tube  as  shown  in  Fig.  5109,  d,  e. 

The  coUodium  sacs  can  be  used  not  only  as  just  de- 
scribed, but  also  with  marked  advantage  for  dialyzing 
experiments.  For  this  purpose  the  sacs  can  be  made  an 
inch  or  more  in  diameter  and  twelve  or  fifteen  inches 
long.  The  thin  coUodium  membrane  is  considerably 
more  permeable  than  parchment  paper. 

Mechanical  Separation  of  Bacteria  jrom  Fluids. — 
For  this  purpose  various  types  of  the  centrifuge  are  used. 
It  is  essential  that  they  run  smoothly,  and  revolve  at 
a  high  speed.  The  type  best  adapted  for  the  separa- 
tion of  bacterial  and  other  cells  from  fluids,  pathological 
exudates,  etc.,  ^  are  those  equipped  with  slender  glass 
tubes  with  conical  ends  to  collect  the  sodimenting  ma- 
terial. They  are  usually  driven  by  means  of  water  or 
electric  motors.  The  electric-motor  type  is  more  satis- 
factory and  may  be  procured  to  be  driven  by  cells,  stor- 
age battery,  direct  or  alternating  current.    The'  ordi- 


nary clinical  centrifuge  driven  by  hand  may  be  used, 
but  in  most  cases  this  is  e.xceedingly  slow  in  sediment- 
ing  organisms. 

Drying  of  Bacteria,  Toxins,  Antitoxins,  etc.— In  the 
chemical  or  biological  study  of  bacteria  and  their  prod- 
ucts, it  frequently  becomes  necessary  to  remove  the 
water  content.  Since  the  labile  constituents  would  be 
destroyed  if  dried  by  heat,  as  in  ordinary  chemical  ma- 
nipulations, other  means  must  be  used.  This  can  best 
be  done  by  drying  in  vacuo  in  the  presence  of  certain 
substances,  as  phosphoric  anhydride  (P2O5)  or  concen- 
trated sulphuric  acid(H.2S04)  which  readUy  absorbs  the 
water  vapor.  The  temperature  may  be  kept  at  that 
of  the  working-room  or  even  lower.  Most  suitable  for 
this  purpose  is  the  ordinary  heavy  glass  vacuum  desic- 
cator. This  is  partially  divided,  with  an  upper  and 
lower  chamber,  by  means  of  a  movable  perforated  por- 
celain plate  which  forms  a  shelf  for  receptacles.  Either 
in  the  wall  or  cover  of  the  desiccator  a  heavy  glass  tube 
with  cock  is  fused  or  passed  by  means  of  a  ground-glass 
stopper.  This  forms  a  means  of  communication  wit-h 
the  interior  of  the  vessel.  The  apparatus  must  be  of 
heavy  construction  to  prevent  breakage  from  the  ex- 
ternal air  pressure  when  air  content  is  exhausted.  For 
use,  first  place  in  the  bottom  chamber  a  layer  of  con- 
centrated sulphuric  acid,  or,  better,  phosphoric  an- 
hydride, filling  the  chamber  about  one-quarter  to  one- 
half  full.  The  material  for  drying  has  been  previously 
spread  or  poured  in  a  flat  dish,  such  as  the  halves  of  a 
Petri  dish.  It  is  now  placed  on  the  porcelain  shelf  over 
the  water-absorbing  substance.  The  cover  is  adjusted 
and  firmly  sealed  in  position  with  an  adhesive  paste. 
It  is  well  also  to  use  the  same  paste  on  the  glass  stop- 
cock to  prevent  leakage  at  that  point.  Such  a  paste 
may  be  prepared  by  taking  one  part  of  pure  rubber 
(black  elastic  rubber  tubing  cut  in  small  pieces),  one 
part  of  paraffin,  and  three  parts  of  vaseline.  Mix  to- 
gether and  heat  until  dissolved.  Take  extra  thick- 
walled  rubber  tubing  and  connect  an  air  pump  (of  the 
large  type)  to  the  exhaustion  tube  of  the  desiccator. 
Open  the  glass  stopcock  and  pump  out  the  air  to  pro- 
duce vacuum.  At  once  close  the  glass  stopcock  of 
desiccator  tube,  and  observe  if  any  air  leaks  are  evi- 
dent. If  not,  detach  pump.  It  is  necessary  to  pump 
out  the  desiccator  at  least  once  a  day  until  the  sub- 
stance is  entirely  dry.  The  ordinary  water  pump  can- 
not be  used  owing  to  the  water  vapor  which  is  always 
present  and  travels  back  during  exhaustion. 

Inoculation  of  Anul^ls. — According  to  the  nature 
of  the  experiment  these  are  made  with  pure  or  impure 
cultures  of  bacteria,  or  with  the  chemical  products  elabo- 
rated by  them.  The  use  of  impure  material  is  met  with 
ill  diagnostic  work.  Thus  in  suspected  glanders  the  dis- 
charge is  introduced  into  animals  in  order  to  ascertain 
if  the  bacillus  of  glanders  is  present.  The  same  is  often 
done  in  tuberculosis,  pneumonia,  bubonic  plague,  an- 
thrax, tetanus,  rabies,  etc.  In  all  these  experiments  the 
animal  serves  as  a  plate,  since  it  eliminates  all  the  sapro- 
phytic bacteria  which  may  be  present  in  the  original 
material  and  allows  the  disease-producing  ones  to  de- 
velop in  pure  or  almost  pure  cultures.  The  inoculation 
with  pure  cultures  is  made  to  test  their  identity,  to  study 
their  effect  upon  animals,  to  ascertain  the  diverse  means 
of  infection,  and  for  purposes  of  immunization.  Tiie 
inoculation  with  the  chemical  products  enables  one  to 
ascertain  the  presence  of  poisonous  substances,  or  to 
produce  vaccines  or  antitoxins. 

The  inoculations  may  be  made  with  a  fine  needle  or 
lance,  bvit  more  often  ^^^th  the  aid  of  a  syringe.  The 
drawn-out  glass-tube  pipette  is  also  used  as  a  means  of 
introducing  infectious  material. 

The  syringe  used  varies  with  different  workers.  The 
Germans  are  especially  favorable  to  the  Koch  syringe, 
which  consists  of  a  glass  cylinder,  graduated,  the  nar- 
row end  of  which  connects  with  the  needle  while  the 
upper  end  fits  into  the  metal  collar  of  a  rubber  bulb. 
The  advantage  claimed  is  that  the  cylinder  and  needle 
can  be  effectively  sterilized  by  dry  heat.     As  a  matter 
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of  fact  the  Koch  syringe  is  extremely  inconvenient  and 
unsatisfactory,  and  equally  good  results  with  less  time 
and  annoyance  are  obtainable  with  the  ordinary  hypo- 
dermic. The  latter 
of  course  must  be 
sterilized  by  boiling 
in  water  for  ten  or 
fifteen  minutes.  A 
convenient  holder 
for  the  syringe  is 
shown  in  Fig.  5110. 
When  large  quan- 
tities of  liquids  are 


Fig.  5110.— Syringe  Holder  and  Sterilizing  Pan.    (Novy.) 

to  be  introduced,  as  when  injecting  horses  with  diph- 
theria toxin  in  the  preparation  of  antitoxin,  an  ap- 
paratus similar  to  that  shown  in  Fig.  5111  can  be  used. 

The  necessary  instruments,  such  as  knives,  scissors, 
needles,  etc.,  are  sterilized  by  boihng  in  water,  or  better 
In  a  saturated  solution  of  borax.  A  very  convenient 
sterihzer  for  this  purpose  is  that  shown  in  Fig.  5116. 

In  all  operations  the  animal  must  be  secured  in  some 
way  or  another.  Various  kinds  of  holders  have  been 
constructed  for  this  purpose.  That  of  Latapie,  shown 
in  Fig.  5112,  is  very  convenient,  and  is  to  be  preferred 
to  the  ordinary  models.  It  can  be  used  for  guinea-pigs, 
rabbits,  birds,  etc.  . 

The  Voges  holder,  shown  in  Fig.  5113,  is  useful  tor 
taking  temperatures  and  for  injecting  small  animals.  A 
good  substitute  can  be  made  by  using  a  glass  cylinder. 

Special  holders  have  been  devised  for  rats  and  mice. 
These  however,  can  be  handled  best  by  means  of  a  pair 
of  compression  or  artery  forceps.  The  animal  is  seized 
by  the  nape  of  the  neck  with  the  forceps,  which  is  then 
transferred  to  the  left  hand.  The  tail  and  the  hmd  legs 
are  also  held  by  this  hand.  The  animal  m  this  way  is 
put  upon  the  stretch,  and  the  inoculation  can  then  be 
made  with  the  right  hand.  Even  fuU-grown  wild  rats 
can  be  handled  in  this  way  without  the  help  ot   an 

After  inoculation  the  animals  are  placed  in  special 
iars  or  cages.  The  ordinary  glass  battery  jars,  pro- 
•"  vided  with    a  galvan- 


30  cm.  high,  38  cm.  deep,  and  54  cm.  wide.     The  feet 
are  12  cm.  high. 

1.  Cutaneous  A  pplication. — Ordinarily  bacteria  do  not 
penetrate  the  unbroken  skin  or  mucous  membrane.    The 
direct  apphcation  of  some  organisms,  even  in  the  Ab- 
sence of  any  known  lesion,  leads  to  infection.     This  is 
the  case  when  the  virus  of  the  foot-and-mouth  disease 
or  the  bacillus  of  plague  is  brought  into  contact  with 
the    mucous     membrane.      The 
pus   germs,    when   rubbed    into 
the  sldn  by  the  aid  of  vaseline, 
may  cause  infection. 

2.  Subcutaneous    Application. 
— For  this    purpose  the  hair  is 
removed  from  the  region  where 
the  inoculation  is  to  be  inade. 
The  place  is  then  rubbed  with  a. 
disinfectant.     In  the  rat  this  is 
usually  on  the  back,  at  the  root 
of  the  tail ;   in  the  guinea-pig  it 
is  on  the  side.     A  nick  is  made 
with  sterile  scissors,  and  then  with  a  narrow  scalpel  or 
spatula  a  pocket  is  made  under  the  skin.    A  piece  of 
tissue,  a  bit  of  earth,  blood-laden  wire,  etc.,  is  then  in- 
troduced into  the  opening,  which  if  made  small  requires 
no  special  closure. 

3.  Subcutaneous  Injection. — The  suspended  material 
,is  introduced  under  the  skin  by  means  of  a  syringe.     The 


ized-wire  top,  weighted 
with  lead,  serve  to 
confine  rats  and  mice, 
and  can  even  be  used 
for  guinea-pigs  (Fig. 
5114).  If  the  animals 
are  inoculated  with  a 
very  dangerous  organ- 
ism, such  as  the  pest 
bacillus,  it  is  advisa- 
ble to  place  the  jar 
inside  of  a  ten-gallon 
crock.  In  special  cases, 
as  in  animals  infected 
withtrypanosomes,  bu- 
bonic plague,  etc.,  it 
is   well    to    cover    the 


FIG.  5111.-Graduated  Cylinder  for  Injecting  Liquids.    (Novy.) 

cage  with  a  piece  of  mosquito  netting  as  a   safeguard 
against  insects  spreading  the  infection. 

Guinea-pigs,  rabbits,  and  the  like  can  be  kept  m  the 
Vaughan  caie  shown  in  Fig.  5115.     The  cage  proper  is 
Vol.  VIII.— 28 
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PIG.  5113.— Latapie's  Animal  Holder.    (Novy). 

hair  should  first  be  cKpped  close  and  the  place  of  inocu- 
lation touched  up  with  a  disinfectant. 

4  Intravenous  Injection.— In  the  case  of  the  rabbit 
this  is  easily  done.  The  marginal  branch  of  the  poste- 
rior auricular  vein  is  selected,  although  it  may  appear 
to  be  narrower  than  the  needle.  The  hair  may  be  re- 
moved and  the  sur- 
face of  the  ear  rubbed 
freely  to  stimulate 
circulation.  A  clamp 
is  then  applied  at 
the  base  of  the  ear 
so  as  to  distend  the 
vein.  The  needle  is 
then  inserted  at  a 
very  slight  angle  to  ,      ,      .       , 

the  vein.  In  other  animals  the  jugul.ar 
can  be  exposed  and  the  injection  made 
without  any  difficulty. 

5.  Intraperitoneal  Injection. — This  pro- 
cedure  is    very    commonly    resorted    to 
The  skin   over  the    abdomen    should  be 
raised    and   the  needle  of  the  syringe  is 
then   introduced    into    the    cavity.     Care 
should    be   exercised 
in  order  not  to  pene- 
trate the  hollow  vis- 
cera in  small  animals. 
In  such  case  the  fluid 
may  enter  the  intes-  _ 
tine     for     example,    j,,g   g^^g, 
and    be   discharged 

without  producing  ,  .,      , 

any  effect.  In  the  case  of  the  horse,  while  the  ani- 
mal is  standing  a  trocar  is  introduced  through  the  skin 
at  a  point  a  few  inches  anterior  to  the  crest  of  the  mum. 

6.  Intrapleural  Injection.— The  needle  is  introduced 
into  the  right  pleural  cavity,  care  being  taken  to  pre- 
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vent  any  injury  to  the  lung  or  to  the  heart.     Large 
amounts  of  hquid  cannot  be  tolerated  by  the  animal. 

7.  Intracranial  Injection. — This  method  was  intro- 
duced by  Pasteur  as  a  means  of  surely  infecting  animals 
with  rabies.  The  procedure  is  followed  out  when  in- 
oculating animals  either  for  diagnosis  or  for  the  purpose 

of  preparing  the  vaccine  for 
hydrophobia.  It  is  usually 
practised  on  rabbits  and 
guinea-pigs.  The  skin  from 
between  the  ears  forward 
is  shaven  clean  and  disin- 
fected. An  incision  about 
an  inch  long  is  then  made. 
The  Pasteur  School  apply 
a  hand  trephine,  and  malje 
an  opening  into  the  skull. 
A  small  trephine,  operated 
by  a  dental  engine,  is  much 
more  convenient.  In  the 
absence  of  either  an  opening 
may  be  made  into  the  skull 
with  a  stout  scalpel.  By 
means  of  a  hypodermic  sy- 
ringe a  few  drops  of  the 
brain  or  cord  suspension  are 
then  introduced  under  the  dura.  At  times  the  injec- 
tion is  made  into  the  brain  proper,  in  which  case  it  is 
spoken  of  as  intracerebral.  After  the  injection  a  suture 
or  two  is  applied,  and  the  wound  is  covered  with  coUo- 
dium  and  cotton. 

8.  Intra-ocular  Injection. — Cocaine  is  first  applied  to 
the  eye,  after  which  this  is  fixed  with  forceps  and  the 
material  injected  into  the  anterior  chamber.  If  desired, 
an  opening  can  be  made  with  a  cataract  knife  or  narrow 
.scalpel  and  the  solid  material  can  be  introduced  in  this 
way. 

9.  Injection  into  the  Lymphatics. — This  is  usually  made 
by  introducing  the  material  into  the  testicles. 

10.  Respiratory  Infection. — While  the  preceding  meth- 
ods may  be  looked  upon  as  wound  inoculations,  this 
concerns  itself  as  nearly  as  possible  with  dupUcating  the 
natural  infections  along  the  respiratory  tract.  Tne 
direct  method  consists  in  causing  the  animal  to  inhale 
-the  finely  divided  material,  which  can  be  readily  done 
by  means  of  an  atomizer.  In  some  cases  the  animal  is 
caused  to  inhale  irritating  fumes,  such  as  bromine  vapor. 
This  excites  a  shght  inflammatory  reaction  of  the  respi- 


FIG.  5114.  -Rat  Cage  and 
ceps.    ( Novy.) 


For- 


Frc.  511.5.— Vaughan  Cage.    (Novy.) 


ratory  mucosa,  and  causes  the  animal  to  become  more 
liable  to  infection. 

When  the  atomizer  is  used  to  produce  a  spray,  the 
operator  must  take  special  precaution  to  protect  him- 
self against  infection.     The  animal  should  be  placed  in 
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a  specially  constructed  tight  box.  All  openings  for  air 
should  be  packed  with  absorbent  cotton  to  act  as  air 
filters.  The  spray  can  be  thrown  in  through  an  open- 
ing admitting  the  tube  of  the  atomizer  with  sufficient  cot- 
ton wool  about  it  to  prevent  escape  of  spray  from  the 
aperture.  Another  procedure  may  be  called  the  intra- 
tracheal injection.  This  is  carried  out  by  making  an 
opening  into  the  trachea,  and  through  this  introducing 
the  infectious  agent. 

11.  Alimentary  Infection. — Since  water  and  food  serve 
to  introduce  the  pathogenic  agent  of  many  diseases  into 
man  and  animals,  it  is  necessary  at  times  to  resort  to  a 
similar  method  of  infection.  The  animal  may  receive 
the  infectious  agent  in  water,  milk,  or  in  solid  food. 
Thus  bread  may  be  soaked  in  a  bouillon  culture  of  the 
organism.  At  other  times  it  may  be  necessary  to  in- 
troduce the  material  into  the  stomach  by  means  of  a 
rubber  tube.  In  order  to  prevent  the  animal  from  bit- 
ing the  tube,  it  is  well  to  pass  it  through  a  perforated 
cork  or  plug  of  soft  wood.  Under  exceptional  condi- 
tions a  laparotomy  may  be  made  and  the  material  in- 
jected into  the  intestines.  This  is  spoken  of  as  the 
intraduodenal  injection. 

Observation  and  Autopsy  of  Infected  Animals. — The 
matter  of  suitable  caging  of  animals  has  already  been 
touched  upon.  Attention  may  be  called  to  the  need  of 
daily  observations  of  the  infected  animals,  so  as  to  note 

the  symptoms  manifested. 
The    animals    must    have 
plenty  of  food  and  drink, 
and    must    be  kept  in  as 
clean  a  condition  as  pos- 
ble.      Their   weight    and 
smperature    should  be 
t  iken  daily,    for    in    this 
way  the  best 
inf  o  r  m  a  t  i  on 
can  be  gained 
as  to  the  pKys- 
ical    condi- 
tion   of    the 
animals. 

When  the 
animal  dies  it 
should  be  au- 
topsied  at 
once,  or  else 
it  must  be  put  aside  in  an  ice-box.  The  need  of  im- 
mediate examination  is  shown  in  some  of  the  trypano- 
somatic  infections,  as  nagana  and  caderas,  where  the 
organisms  may  disappear  from  the  blood  within  an  hour 
or  so  after  death.  Moreover,  delayed  examination  may 
lead  to  the  invasion  of  the  organs  of  the  cadaver  by  the 
intestinal  bacteria,  in  which  case  the  search  for  the  spe- 
cific germ  is  rendered  more  difficult,  if  not  impossible. 

The  animal  is  prepared  for  autopsy  by  being  placed 
on  its  back  and  tacked  down  on  a  board.  A  conven- 
ient board  of  this  kind  is  one  >vhich  is  about  34  by  54 
cm.  and  has  a  raised  border.  The  cracks,  if  any,  should 
be  filled  with  paraffin. 

After  the  animal  is  laid  out,  the  hair  should  be  thor- 
oughly moistened  with  mercuric-chloride  solution.  The 
necessary  instruments  can  be  sterilized  in  a  copper  steril- 
izer, such  as  is  shown  in  Fig.  5116.  In  the  absence  of 
such  an  arrangement  the  instruments  may  be  steriUzed 
by  heating  directly  in  the  flame,  but  this,  of  course,  in- 
jures them.  A  searing  iron,  several  drawn-out  pipettes 
and  sterile  dishes,  as  well  as  the  necessary  media,  should 
be  conveniently  on  hand. 

\yith  a  sterile  scalpel  an  incision  is  made  along  the 
entire  length  of  the  body  from  the  neck  to  the  pubis. 
Lateral  incisions  are  then  made  in  the  direction  of  each 
of  the  extremities,  and  the  two  large  flaps  thus  result- 
ing are  turned  back.  The  condition  of  the  subcutaneous 
tissue,  the  presence  of  oedema,  bloody  effusions,  enlarged 
lymphatic  glands,  etc.,  are  noted.  The  glands  or  por- 
tioris  of  the  tissues  may  be  transferred  by  means  of  ster- 
ile instruments  to  a  sterile  dish.     Cover-glass  smears  or 


Fig.  5116.— Instrument  Sterilizer.    (Noyy.) 


REFERENCE   HANDBOOK   OF   THE  MEDICAL   SCIENCES. 


Bacteriological 
Teclinlqiic. 


streaks  can  be  made  and  examined  either  at  once  or 
later. 

The  abdominal  and  thoracic  cavities  are  usually  opened 
at  the  same  time.  The  abdominal  wall  in  the  lower  part 
of  the  body  is  slightly  raised  and  nicked  with  sterile 
scissors ;  then  the  lower  blade  is  inserted  and  the  inci- 
sion prolonged  upward  to  the  diaphragm.  The  ribs  are 
then  cut  as  low  down  as  possible,  and  the  wedge-shajted 
piece  of  the  wall  of  the  thorax  is  removed.  The  condi- 
tion of  both  cavities  and  of  the  organs  is  carefully  noted. 
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Fig.  5117.— Concave  SUdeehowlnK  Hanging  Drop. 
B,  side  view. 


-4,  Surface  view; 


Cover-glass  streaks  are  made  from  the  peritoneal  sur- 
faces and  from  the  cut  surfaces  of  the  organs,  and  ex- 
amined either  at  once  or  later.  Any  fluid  which  is  pres- 
ent in  the  cavities  may  be  transferred  to  sterile  tubes  by 
means  of  the  pipette. 

Cultures  should  always  be  made  from  an  intact  organ. 
For  this  purpose  it  is  cut  open  with  sterile  scissors,  and 
a  piece  of  the  pulp  removed  on  a  sterile  wire  or  by  the 
aid  of  a  Nuttall  spear  or  spatula  (Fig.  .5095).  The  heart 
blood  is  usually  given  preference  for  culture  purposes. 
The  pericardium  should  be  opened,  after  which  the  sur- 
face of  the  heart  is  seared  with  a  hot  iron.  An  incision 
is  then  made  into  the  ventricle,  from  which  the  blood 
can  be  removed  by  the  aid  of  a  looped  wire.  The  best 
way  of  removing  the  heart  blood  is  by  means  of  a  sterile 
Pasteur  bulb  pipette.  The  end  of  this  is  broken,  flamed, 
and  when  cool  it  is  inserted  into  the  heart,  and  by  suction 
the  blood  is  drawn  up  into  the  pipette.  The  contents  of 
the  tube  can  then  be  used  to  inoculate  culture  media  or 
for  making  blood  streaks. 

After  the  autopsy  the  animal  should  be  placed  ma 
vessel  and  steamed  or  autoclaved,  and  eventually  burned. 
The  board  should  be  washed  with  mercunc  chloride, 
and  all  instruments  and  utensils  should  be  sterilized  by 
steaming.  Throughout  the  autopsy  care  must  be  taken 
to  prevent  infection  either  by  the  scattering  of  material 
on  the  floor  or  by  its  being  carried  away  by  insects. 

Examination  of  Bacteria.— In  order  to  gam  some 
definite  information  regarding  the  bacteria  which  de- 
velop 6n  the  nutrient  media  or  in  the  animal  body,  re- 
course must  be  had  to  the  microscope.  The  organisms 
may  be  examined  in  the  Uving  condition  or  m  stained 
preparations.  The  former  procedure  is  resorted  to  f-o 
as  to  learn  all  that  is  possible  regarding  the  living  cell: 
its  form,  size,  color,  granulations  if  any,  motion  group- 
ing of  the  ceUs,  presence  of  spores,  etc.  Such  facts  are 
ascertained  by  making  a  preparation  m  which  the  bac- 
teria will  continue  to  hve  for  some  time.  . 

Uving  Bacteria.— I.  The  simplest  procedure  is  to 
place  a  drop  of  the  bacterial  hquid  on  a  slide,  after  which 
the  cover-gla^s  can  be  applied  and  the  P-'^P^'^^tion;.;^- 
amined  under  the  microscope.  This  method  is  use  u 
for  rapid  orientation,  but  it  has  certain  drawbacks,  chief 
among  whiph  is  tlie  fact  that  evaporation  takes  place 
Xng  the  edge  of  the  glass,  and  as  a  result  currents  are 
e^ablished  il  the  Uquid.  Such  currents  tend  to  inter- 
fere with  the  observation  of  any  one^orgamsm  or  group 
of  cells  Again,  a  preparation  of  this  kind  cannot  be 
kept  under  observation  for  any  length  of  time  on  ac- 
count of  the  desiccation  which  soon  takes  place. 


2.  The  examination  in  a  hanging  drop,  as  it  is  called, 
obviates  the  difficulties  mentioned.  A  rather  thick  slide 
with  a  concave  well  is  used  (Fig.  5117).  A  ring  of  vase- 
line is  spread  around  the  edge  of  this  well.  A  clean 
cover-glass,  about  three-fourths  of  an  inch  in  diameter, 
is  placed  on  the  table,  and  a  drop  of  water  is  applied  to 
the  middle  by  means  of  a  looped  platinum  wire.  It  is 
desirable  that  the  drop  should  spread  out  flat,  and  if  it 
does  not  it  is  because  the  cover-glass  is  not  clean.  The 
drop  of  water  is  then  inoculated  with  a  little  of  the  cult- 
ure. Just  enough  material  is  added  so  that  the  liquid 
is  sfightly  cloudy.  The  vaseline-ringed  slide  is  then  in- 
verted and  brought  down  upon  the  cover-glass.  The 
preparation  is  turned  over,  and,  if  need  be,  pressure  ap- 
plied to  the  border  of  the  glass  so  as  to  have  an  air- 
tight hanging  drop.  Under  these  conditions  evapora- 
tion does  not  take  place,  and  consequently  the  specimen 
may  be  examined  for  hours,  if  necessary,  without  any 
interference  by  currents  due  to  evaporation.  As  men- 
tioned above,  this  method  can  be  used  for  the  cultivation 
of  bacteria,  and  thus  their  growth  and  multipUcation 
can  be  followed  out.  In  that  case  it  is  necessary  to  use 
a  flamed  cover-glass  and  a  sterile  liquid. 

Instead  of  the  concave  slide  a  so-called  well  shde  can 
be  used  (Fig.  5118).  This  is  essentially  a  square  bit  of 
glass  with  a  circular  opening,  which  is  cemented  to  an 
ordinary  glass  slide,  and  the  hanging  drop  is  then  made 
in  the  manner  described. 

One  disadvantage  in  either  method  lies  in  the  fact  that 
the  drop  is  more  or  less  convex,  and  consequently  when 
using  higher  powers  it  is  difficult  to,  examine  the  deeper 
portions.  This  difficulty  can  be  overcome  by  employ- 
ing the  Ranvier  slide,  which  has  a  circular  trough,  and 
the  portion  within  the  circle  is  ground  down  so  that  its 
level  is  about  0.1  mm.  below  that  of  the  shde.  When 
a  drop  of  liquid  is  placed  within  the  circle  and  covered 
with  a  cover-glass,  the  liquid  spreads  out  into  a  thin 
layer,  every  part,  of  which  can  be  examined  under  the 
microscope.  A  ring  of  vasehne  is  placed  along  the  edge 
so  as  to  prevent  evaporation.  By  flaming  the  slide  and 
cover  slip,  and  using  sterile  liquid  the  preparation  can 
be  observed  for  several  days  if  need  be.  This  method 
is  especially  to  be  recommended  for  studying  trypano- 
somes,  malaria  parasites,  etc. 

Staining  of  Bacteria. — In  order  to  obtain  good  stains 
it  is  necessary  to  have  good  clean  cover-glasses.  The 
cover-shps,  as  purchased  in  the  market,  are  unfit  for 
use  until  they  have  been  cleaned.  One  method  of  do- 
ing this  is  to  heat  the  slips  in  a  beaker  with  concen- 
trated sulphuric  acid  and  potassium  bichromate.  The 
cover-glasses  are  then  washed  in  running  water,  after 
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FKi.  5118.— Cell  Slide  sSowinp;  HansinK  Drop.  A.  Surface  view:  B, 
side  view:  li,  edge  of  cell  c;  hollow  of  cell;  ci, cover  glass;  e, 
banging  drop. 

which  they  are  kept  in  alcohol.  Another  procedure 
which  gives  very  satisfactory  results  is  to  soak  the  cover- 
glasses  first  in  alcohol,  after  which  they  are  wiped  with 
soft,  washed  linen,  placed  in  an  Esmarch  dish  and  heated 
in  a  dry-heat  sterilizer  at  about  200°  for  an  hour  or  two. 
This  high  heat  completely  destroys  the  organic  ma,tter 
that  may  be  on  the  glasses.     A  cover-glass  is  not  clean 
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Tig.  5U9.— CoTer-glass  Forceps,  a 
Comet's;  h,  Stewart's;  c,  Novy's. 


if  a  small  drop  of  water,  when  spread  over  the  surface, 
does  not  remain  even,  but  gathers  into  droplets. 

Several  kinds  of  forceps  have  been  devised  for  holding 
cover-glasses  while  staining.  The  Cornet  forceps  (Fig. 
5119,  a)   is  well  known,  and   is  useful   though   rather 

awkward.  Stewart's 
modification  is  widely 
used  (Fig.  5119,  fo).  A 
much  more  convenient 
forceps  is  shown  in  Fig. 
5119,  f.  Thelower  blade 
has  a  thin  edge  ^  which 
permits  one  to  pick  up 
the  cover-glass  without 
contact  with  the  fingers. 
The  upper  blade  is  bent 
in  order  to  avoid  capil- 
larity, and  is  narrowed 
to  a  point  so  that  the 
specimen  is  held  by 
point  contact.  A  catch 
serves  to  hold  the  cover- 
slip  in  place. 

Aniline  Dyes.  —  The 
aniline  dyes  which  are 
employed  for  staining 
purposes  are  either  basic 
or  acid  in  character. 
The  former  contain 
amido  groups  and  are 
spoken  of  as  nuclear 
stains,  since  they  color 
the  nuclei  of  cells  as 
well  as  bacteria.  The 
latter  contain  hydroxyl  groups  and  do  not  stain  bacteria 
but  are  used  chiefly  for  contrast  coloring,  and  to  some 
extent  for  decolorizing.  The  basic  dyes  are  usually  em- 
ployed as  salts  of  hydrochloric  acid,  while  the  acid  dyes 
occur  as  sodium  or  potassium  salts. 

Among  the  basic  aniline  dyes  which  are  commonly 
employed  may  be  mentioned  fuchsin,  gentian  violet, 
methyl  violet,  crystal  violet,  methylene  blue,  thionin, 
eafranin,  methyl  green,  neutral  red,  and  vesuvin  or  Bis- 
marck brown.  These  are  all  more  or  less  crystalline 
powders,  and  while  some  are  definite  chemical  com- 
pounds, others  are  mixtures.  For  this  reason  various 
brands  are  met  with  on  the  market,  and  it  will  be  read- 
ily understood  why  the  exact  dupUcation  of  stains  is  not 
always  possible. 

It  is  advisable  to  keep  on  hand  not  only  the  solid 
dyes,  but  also  stock  solutions  which  are  saturated  al- 
coholic solutions.  The  amount  required  to  saturate 
will  vary  from  two  to  five  per  cent. 

The  concentrated  alcoholic  solutions  are  never  used 
as  such,  but  serve  for  the  preparation  of  the  dilute  dyes 
which  are  the  stains  proper.  The  latter  are  made  by 
placing  a  few  cubic  centimetres  of  the  concentrated  dye 
in  a  small  tincture  bottle,  and  adding  ten  to  twenty 
parts  of  water.  This  bottle  is  then  pro^^ded  with  a  cork 
and  a  piece  of  glass  tubing  which  serves  as  a  pipette. 
The  different  dilute  dyes  can'be  kept  in  a  stand,  such  as 
is  shown  in  Fig.  5120.  The  dilute  dyes  after  a  while  un- 
dergo alteration  and  yield  deposits.  In  that  event  they 
should  be  filtered  before  use,  or  else  new  dilutions  should 
be  made. 

The  acid  aniline  dyes  are  represented  by  eosin,  acid 
fuchsin,  and  fluorescein.  The  concentrated  and  the  di- 
lute dyes  are  prepared  as  above. 

The  staining  solutions  may  be  used  as  such,  or  their 
properties  may  be  accentuated  by  the  addition  of  sub- 
stances which  act  more  or  less  directly  as  mordants.  A 
number  of  these  solutions  are  in  daily  use,  and  for  that 
reason  their  preparation  is  here  given. 

Loffler's  methylene  blue  is  made  by  adding  .30  c.c.  of 
concentrated  methylene  blue  to  100  c.c.  of  a  0.01-per- 
cent, solution  of  potassium  hydrate.  A  similar  solution 
with  less  alkah  was  first  used  by  Koch.  The  alkali  not 
only  serves  to  make  the  cell  more  permeable,  but  also 


increases  the  staining  power  by  liberating  the  free  base 
from  the  dye. 

Carbolic  fuchsin,  or  Ziehl  solution,  is  made  by  adding 
1  gm.  of  fuchsin  and  10  c.c.  of  alcohol  to  100  c.c.  of  a 
five-per-cent.  carbohc-acid  solution.  The  stain  is  very 
widely  used  for  simple  as  well  as  double  staining.  Cza- 
plewsld  modified  it  by  substituting  glycerin  for  the  al- 
cohol. His  solution  is  prepared  by  rubbing  up  in  a  mor- 
tar 1  gm.  of  fuchsin  with  5  gm.  of  carbolic  acid,  and  to 
this  150  gm.  of  glycerin  and  100  c.c.  of  water  are  added. 

Carbolic  methylene  blue,  first  employed  by  Kiihne, 
consists  of  1.5  gm.  of  methylene  blue,  10  gm.  of  abso- 
lute alcohol,  and  100  c.c.  of  a  five-per-cent.  solution  of 
carbolic  acid. 

Carbolic  thionin  consists  of  10  parts  of  a  saturated  so- 
lution of  thionin  and  100  parts  of  a  one-per-cent.  solution 
of  carbolic  acid  (Nicolle). 

Carbolic  gentian  viokt  is  made  the  same  as  the  preced- 
ing (Nicolle). 

Aniline  Water,  Gentian  Violet,  etc. — The  carbolic  acid, 
like  the  alkali,  favors  the  penetration  of  the  stain.  Ani- 
line water  acts  in  like  manner  and  was  first  used  by 
EhrUch.  To  prepare  the  aniline  water  a  few  cubic  centi- 
metres of  aniline  is  placed  in  a  test  tube,  and  this  is 
then  filled  with  distilled  water  and  thoroughly  shaken. 
The  milky  liquid  is  filtered  through  a  moist  filter.  To 
the  water-clear  filtrate  enough  concentrated  fuchsin  or 
gentian  violet  is  then  added  to  make  the  liquid  opi3,que, 
and  so  that  it  just  begins  to  form  on  the  surface  a  slight 
metallic  film  of  precipitated  dye.  The  solution  is  then 
used  as  such,  but  if  the  deposit  is  very  marked  it  may  be 
necessary  first  to  filter  it.  The  aniline-water  dyes  do 
not  keep  very  well,  and  for  that  reason  it  is  well  to  make 
a  fresh  solution  every  time  that  it  is  to  be  used.  Oil  of 
cloves  has  been  suggested  by  London  as  a  substitute  for 
aniline. 

The  aniline-water  stains  were  first  employed  by  Ehr- 
Uch for  coloring  the  tubercle  bacillus,  and  are  still  used 
for  that  purpose.  They  are,  however,  employed  espe- 
cially for  staining  whips  and  in  connection  with  Gram's 
stain.  In  the  latter  case,  after  the  preparation  has  been 
stained  with  the  solution,  a  mordant  is  applied,  known 
as  Lugol's  solution,  which  serves  to  form  a  difficultly 
soluble  compound  between  the  dye  and  the  cell  contents. 

Lugol's  solution  consists  of  1  part  of  iodine,  2  parts  of 
potassium  iodide;  and  300  parts  of_  distilled  water. 

The  Staining  of  Cover-glass  Preparations. — These  may 
be  considered  under  the  head  of  (1)  simple,  (2)  double, 
and  (3)  special  stains.  For  the  simple  stains,  when  it  is 
desired  to  have  a  heavily  colored  preparation,  either 
fuchsin  or  gentian  violet  is  used.  When  it  is  desired  to 
bring  out  structural  characteristics,  it  is  advisable  to 
employ  solutions  which  stain  more  feebly,  such  as  methyl- 


FlQ.  5120.— Stand  tor  Staining  Solutions. 

ene  blue  or  thionin.     In  either  case  .the  simple  or  rein- 
forced stains,  given  above,  may  be  employed. 

To  make  a  stained  preparation  of  a  pure  culture  the 
procedure  is  as  follows :  A  drop  of  water,  preferably  dis- 
tilled, is  placed  upon  a  clean  cover-glass,  which  either 
lies  on  a  board  or  is  held  in  a  pair  of  forceps.  By  means 
of  a  sterile  platinum  wire  a  minute  amount  of  the  bacte- 
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rial  growth  is  picked  up  and  transferred  to  the  water 
Only  enough  should  be  added  so  as  to  impart  to  the 
water  a  slight  cloudiness.  The  remainder  on  the  wire  is 
then  burned  off.  The  drop  is  then  spread  over  the  whole 
surface  of  the  glass  and  allowed  to  dry  in  the  air,  or  the 
process  may  be  hastened  by  passing  it  above  a  flame. 
Care  must  be  taken  not  to  dry  too  rapidly  as,  in  such 
case,  vaouolation  of  the  protoplasmic  conten-ts  of  the 
cell  results.  The  air-dried  preparation  must  now  be 
fixed  in  order  that  the  bacteria  may  not  be  washed  off  in 
the  subsequent  treatment.  The  fixing  is  done  by  pass- 
ing the  cover-glass  three  times  through  a  flame.  Care 
must  be  taken  not  to  scorch  the  specimen,  for  in  that 
case  the  dye  willnot  act.  It  is  well  to  turn  down  the 
flame  so  that  it  is  at  most  but  two  inches  high.  The 
properly  fixed  cover-glass  is  now  covered  with  the  stain, 
which  is  allowed  to  act  for  ten  to  twenty  seconds.  The 
dye  is  then  washed  off  under  the  tap  and  the  cover-glass 
inverted  upon  a  glass  slide.  Any  water  which  may  be 
on  the  surface  of  the  slip  should  be  removed  by  means 
of  a  piece  of  filter  paper.  The  preparation  can  now  be 
examined  under  a  No.  7  objective,  or  with  the  one- 
twelfth-inch  oil  immersion  lens.  If  the  specimen  is 
such  as  to  merit  preservation  a  drop  or  two  of  water 
may  be  applied  to  the  edge,  and  in  this  way  the  slip  can 
be  floated  off  without  damaging  the  film.  The  excess 
of  water  can  then  be  touched  off  with  a  piece  of  filter 
paper,  after  which  the  specimen  is  dried  in  the  air  or  by 
passing  it  over  the  flame.  The  thoroughly  dried  film  is 
then  inverted  upon  a  drop  of  Canada  balsam  placed  on 
the  centre  of  a  clean  slide.  By  gentle  warming  or 
by  pressure  the  balsam  can  be  made  to  spread  out 
evenly. 

Smear  or  streak  preparations  made  from  the  fluids  or 
organs  of  the  body  are  stained  in  the  same  way.  The 
fixation  of  the  cover-glass  when  it  contains  much  pro- 
teid  matter,  as  in  the  case  of  blood  streaks,  requires 
special  care.  The  best  results  are  obtained  by  immers- 
ing the  slip  for  a  few  minutes  in  a  mixture  of  equal 
parts  of  absolute  alcohol  and  ether.  Fixation  is  thus 
accomplished  without  any  injury  to  the  blood  cells.  It 
is  sometimes  advisable,  instead  of  adding  the  dye  to  the 
cover-glass,  to  float  the  latter  upon  the  dye  in  a  watch- 
glass. 

To  make  good  blood  preparations  requires  consider- 
able care  and  experience.  A  small  drop  of  blood  is 
placed  on  a  perfectly  clean  cover-glass,  which  is  held  in 
a  pair  of  forceps.  A  second  cover-slip  is  then  appUed, 
evenly  and  without  pressure,  and  as  soon  as  the  blood 
has  spread  out  the  two  glasses  are  drawn  apart.  The 
blood  cells  must  not  be  crushed  and  should  Ke  in  a  sin- 
gle layer. 

The  smears  from  the  cut  surface  of  an  organ  are  made 
by  gently  applying  the  cover-glass,  without  pressure, 
and  then  drawing  it  away ;  or  a  piece  of  the  organ  may 
be  taken  up  in  the  forceps  and  streaked  over  the  cover- 
glass,  care  being  taken  to  leave  only  the  thinnest  film 
possible. 

The  ordinary  glass  shde  is  often  used  in  place  of  the 
cover-glass.  The  streaks  or  blood  smears  are  made  as  in 
the  case  of  the  latter.  When  the  growth  is  hard,  as  m 
the  case  of  actinomyces,  it  is  well  to  crush  it  between 
two  glass  slides. 

Double  Staining.— This  procedure  is  resorted  to  when 
staining  the  tubercle  bacillus  and  the  allied  aoid-resisting 
bacilh.  It  is  also  used  for  staining  spore.s,  and  in  differ- 
entiating bacteria  by;  means  of  Gram's  stain.  Other 
special  methods  are  given  under  gonorrhoea  and  menm- 

Tlie  group  of  acid-resisting  bacilli,  the  type  of  which 
is  the  tubercle  bacillus,  are  stained  with  more  or  less 
difficulty  by  the  simple  stains.  The  dye,  however,  can 
be  forced  into  the  cell  by  the  aid  of  heat,  and  especially 
if  the  reinforced  stains,  such  as  carbohc  fuchsin  or  ani- 
line-water gentian  violet,  are  used.  On  subsequent 
treatment  with  acid  and  alcohol  the  ordinary  bacteria 
which  chance  to  be  present  are  readily  decolorized, 
whereas  the  acid-resisting  retain  the  stain.     A  contrast 


color,  such  as  methylene  blue,  will  then  stain  the  back- 
ground and  the  ordinary  bacteria  a  light  blue. 

Staining  of  the  Tubercle  Bacillus. — The  cover-glass  is 
air-dried  and  fixed  in  the  usual  manner,  after  which  any 
one  of  several  methods  may  be  used.  The  7.iehl-N eel- 
sen  method  is  usually  employed.  It  is  carried  out  as 
follows:  The  cover-glass,  held  in  the  forceps,  is  covered 
"with  carbolic  fuchsin  and  heated  over  the  flame  so  that 
vapors  are  given  off  for  one  or  two  minutes.  It  is  then 
rinsed  in  water  and  dipped  for  a  few  seconds  in  a  twen- 
ty-per-cent.  solution  of  nitric  acid,  after  which  it  is 
washed  in  dilute  alcohol  (sixty  per  cent.)  till  it  is  almost 
colorless.  Methylene  blue  is  then  appUed  for  a  few  sec- 
onds and  washed  off.  The  specimen  is  transferred  to  a 
slide,  the  surface  dried,  and  examined  under  the  micro- 
scope. The  tubercle  baciUi  will  appear  red  on  a  blue 
background.     The  ordinary  bacteria  will  appear  blue. 

The  Koch-Khrlich  method  consists  in  staining  with  ani- 
line-water fuchsin  or  gentian  violet  with  the  aid  of  heat 
for  a  few  minutes.  The  specimen  is  then  decolored  in 
thirty-five-per-cent.  nitric  acid  for  about  a  quarter  of  a 
minute,  washed  in  dilute  alcohol  till  nearly  colorless, 
after  which  methylene  blue  or  Bismarck  brown  is  ap- 
plied for  a  contrast  color. 

In  the  Fraenkel-Gabbet  method  the  preliminary  stain- 
ing is  effected  with  carbolic  fuchsin  as  above.  The  de- 
coloration and  contrasting  is  done  at  once  by  immersing 
the  cover  glass  in  a  saturated  solution  of  methylene  blue 
in  the  following:  Sulphuric  acid  25  parts,  alcohol  50 
parts,  distilled  water  1,000  parts.  It  is  then  rinsed  with 
water  and  examined. 

Czapleivsky's  method  differs  from  the  preceding  in  the 
way  the  decoloration  is  effected.  He  employed  for  this 
a  solution  of  1  gm.  of  fluorescein  and  5  gm.  of  methylene 
blue  in  100  c.c.  of  alcohol.  The  specimen  is  first  stained 
with  carbolic  fuchsin ;  then,  mthout  rinsing  in  water,  it 
is  placed  for  a  few  seconds  in  the  fluorescein  methylene 
blue  solution.  Finally  it  is  dipped  ten  or  twelve  times 
in  a  solution  of  5  parts  of  methylene  blue  in  100  parts  of 
alcohol.     It  is  then  washed  with  water  and  examined. 

Numerous  modifications  of  these  methods  have  been 
proposed,  but  they  possess  no  special  advantage  over 
those  given. 

Staining  of  Spores. — The  cover-glass  preparation  is 
treated  for  some  minutes  with  hot  carbolic  fuchsin,  either 
on  the  forceps  or  by  floating  on  the  dye.  It  should  then 
be  rinsed  and  examined  in  water.  If  the  spores  are 
colored, the  next  step  is  taken;  if  not, then  the  heating 
with  the  dye  is  continued  until  they  are  stained.  The 
specimen  is  then  decolored  in  dilute  acid  and  alcohol  un- 
til the  spores  stand  out  red  on  a  colorless  background. 
Methylene  blue  is  then  applied  for  a  contrast,  washed 
off,  and  the  preparation  is  ready  for  examination.  The 
bright  red  spores  are  seen  within  the  light  blue  cells. 
This  method  requires  considerable  care,  and  every  step 
must  be  controlled  by  frequent  examinations  under  the 
microscope. 

In  order  to  enable  the  dye  more  readily  to  enter  the 
spore,  MoUer  treated  the  cover  glass,  first,  for  a  minute 
or  two  'tt'ith  a  five-per-cent.  solution  of  chromic  acid, 
after  which  essentially  the  above  procedure  was  followed. 
By  repeated  passage  through  the  flame  or  by  heating 
with  strong  sulphuric  acid  for  a  few  seconds  the  sub- 
stance of  the  spore  can  be  disintegrated  so  that  on  sub- 
sequent staining  with  carbolic  fuchsin  the  spores  will 
readily  take  the  dye.  This  treatment,  however,  de- 
stroys the  original  cell,  and  hence  contrast  coloration  is 
not  possible. . 

Klein  varies  the  procedure -of  spore  staining  given 
above  by  adding  an  equal  volume  of  carbol-fuchsin  so- 
lution to  a  suspension  of  the  spore-bearing  organism  in 
physiological  salt  solution.  The  mixture  is  gently 
warmed  for  six  minutes.  Cover-glass  preparations  are 
then  made,  dried,  and  fixed.  It  is  then  decolorized  in 
one-per-cent.  sulphuric  acid  solution,  and  coUnterstained 
in  the  regular  manner.  This  method  may  be  useful  in 
staining  those  varieties  which  are  especially  resistant. 

The  Gram  Stain. — This  is  one  of  the  most  valuable 
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methods  in  bacteriology,  since  it  often  serves  to  distin- 
guish between  organisms  which  otherwise  resemble  each 
other  very  closely.  The  cover-glass  preparation  is 
floated  for  a  few  minutes  on  aniline-water  gentian  violet 
or  on  carbolic  gentian  violet.  Heat  may  be  applied, 
but  in  that  case  the  excessive  staining  will  interfere 
with  the  subsequent  decoloration.  The  specimen  is 
then  rinsed  in  water  and  immersed  in  Lugol's  iodine  so- 
lution for  two  or  three  minutes.  After  rinsing  in  water 
it  is  then  placed  for  a  few  minutes  in  strong  alcohol  until 
most  of  the  dye  has  been  washed  out.  Very  dilute  eosin 
.solution  is  now  applied  for  about  five  seconds.  After 
thorough  washing  with  water  it  is  ready  for  examina- 
tion. The  organism  will  appear  a  deep  violet  on  a  pink 
background. 

Gram's  method  is  applicable  to  the  bacilli  of  anthrax, 
symptomatic  anthrax,  diphtheria,  leprosy,  malignant 
cedema,  mouse  septicemia,  rouget,  tetanus,  tubercu- 
losis, the  Fraenkel  diplococcus,  Micrococcus  tetragenus, 
the  various  staphylococci  and  streptococci,  actinomyces, 
moulds,  and  yeasts.  It  is  not  given  by  the  bacillus  of 
glanders,  typhoid  fever,  hog  cholera,  Asiatic  cholera, 
chicken  cholera,  influenza,  plague,  Friedlander's  bacil- 
lus, colon  bacillus,  gonoooccus,  rhinoscleroma,  and  re- 
current fever  spirillum. 

The  Staining  of  Flagella. — Special  care  must  be  given 
to  the  preparation  of  the  cover-glass.-  The  cultures 
should  be  made  on  freshly  inclined,  moist  agar,  and 
should,  as  a  rule,  be  less  than  twenty-four  hours  old.  A 
very  dilute  suspension  of  the  growth  is  made,  and  when 
spread  over  the  cover-glass  is  allowed  to  dry  in  the  air. 
The  fixation  must  be  done  with  the  least  amount  of  heat 
possible.  This  can  best  be  done  by  passing  the  cover- 
glass,  held  between  the  thumb  and  forefinger,  through 
the  flame. 

In  Lofller's  method  the  specimen  is  covered  with  a 
mordant  solution  which  consists  of  100  parts  of  a  twenty- 
per-cent.  tannic-acid  solution,  50  parts  of  ;i  cold  satu- 
rated ferrous-sulphate  solution,  and  10  parts  of  alcoholic 
fuchsin.  The  cover-glass  is  heated  over  the  flame  so 
that  vapors  are  given  off  for  a  minute  or  two.  Every 
■trace  of  the  mordant  must  then  be  removed  by  washing 
with  water,  and  if  it  has  dried  down  around  the  edge  it 
should  be  removed  ivith  a  knife.  The  last  traces  of  the 
mordant  can  be  removed  by  momentary  immersion  in 
absolute  alcohol.  The  specimen  is  then  heated  with 
.aniline-water  fuchsin  for  a  couple  of  minutes,  washed 
with  water,  and  examined.  The  chief  difficulty  in  this 
method  lies  in  the  formation  of  a  heavy  deposit  of  for- 
eign matter,  which  masks  the  bacteria. 

Fischer's  mordant  is  a  slight  modification  of  that  of 
Loffler.  It  consists  of  2  gm.  of  dry  tannin,  20  c.c.  of 
water,  4  c.c.  of  ferrous  sulphate  (1 :  2),  and  1  c.c.  of  con- 
centrated alcoholic  fuchsin.  The  aniline  water  fuchsin 
is  made  by  adding  about  5  gm.  of  fuchsin,  and  1  c.c.  of 
a  one-per-cent.  solution  of  sodium  hydrate  to  100  c.c.  of 
aniline  water. 

Bunge  employed  a  mordant  consisting  of  75  parts  of 
concentrated  tannin  solution,  25  parts  of  a  five-per-cent. 
solution  of  ferric  chloride,  and  10  parts  of  a  concentrated 
aqueous  fuchsin  solution.  After  standing  some  days 
hydrogen  peroxide  is  added  until  a  reddish-brown  color 
is  obtained. 

Pitfield  makes  use  of  a  single  solution  of  mordant  and 
dye.  Two  solutions  are  first  prepared :  (1)  consisting  of 
1  c.c.  of  saturated  alcoholic  gentian  violet  and  10  c.c.  of 
saturated  aqueous  alum ;  (2^  consisting  of  1  gm.  of  tan- 
nic acid  and  10  c.c.  of  distilled  water.  The  two  solu- 
tions are  filtered  and  then  combined.  The  mixture  is 
heated  on  the  cover-dass  over  a  flame  for  about  a  min- 
ute, and  then  washed  off. 

Van  Ermengem's  method  is  essentially  different.  The 
cover-glass  is  warmed  for  about  five  minutes  with  u,  fix- 
ing solution  consisting  of  60  c.c.  of  a  twenty-per-cent. 
tannin  solution,  30  c.c.  of  two-per-cent.  osmic-acid  solu- 
tion, and  four  to  five  drops  of  glacial  acetic  acid.  It  is 
then  washed  with  water,  rinsed  in  alcohol,  and  dipped 
for  one  or  two  seconds  in  a  sensitizing  solution  of  silver 


nitrate  (one-half  to  one  per  cent.).  After  this  it  is 
placed  for  a  few  seconds  in  the  reducing  solution  which 
consists  of  5  parts  of  gallic  acid,  3  parts  of  tannic  acid, 
10  parts  of  sodium  acetate,  and  350  parts  of  distilled 
water.  It  is  again  placed  in  the  silver-nitrate  solution, 
in  which  it  is  moved  about  until  the  liquid  darkens,  after 
which  the  preparation  is  washed  with  water,  dried,  and 
examined. 

Of  the  numerous  other  modifications  which  have  been 
proposed  that  of  Gemelli  only  need  be  given.  GerneUi 
cleans  the  cover-glasses  in  a  boiling  mixture  of  potassium 
bichromate  (three  per  cent.),  and  sulphuric  acid  (five 
per  cent.).  After  washing  in  water  they  are  kept  in 
alcohol.  Before  use  each  cover-glass  is  flamed  several 
times.  Gelatin  cultures  developed  at  37°  C.  are  said  to 
give  the  best  results.  A  loopful  is  transferred  to  5  c.c. 
of  water  in  a  watch-glass,  and  from  this  suspension  a 
drop  is  taken  and  spread  over  a  cover-glass,  which  is 
then  set  aside  over  calcium  chloride  to  dry.  The  speci- 
men is  then  placed  for  ten  to  twenty  minutes  in  a  one- 
fourth-per-cent.  solution  of  potassium  permanganate. 
The  preparation  is  now  washed  well  in  distilled  water, 
after  which  it  is  placed  in  a  three-fourths-per-cent.  so- 
lution of  calcium  chloride,  to  which  has  been  added 
a  one-per-cent.  solution  of  Griibler's  neutral  red  in  the 
proportion  of  twenty  to  one.  After  remaining  in, this 
for  fifteen  to  thirty  minutes  the  specimen  is  washed, 
dried,  and  mounted.  The  method  is  said  to  give  ex- 
cellent and  sure  results  without  the  annoying  precipi- 
tates which  form  in  the  other  procedures. 

Staining  of  Capsules. — Welch's  method  consists  in 
treating  the  cover-glass  with  glacial  acetic  acid  for  a  few 
seconds.  The  excess  of  acid  is  drained  off  with  filter 
paper,  after  which  the  specimen  is  washed  in  aniline 
water  gentian  violet,  and  finally  in  a  sodium-chloride 
solution  (0.85  to  2  per  cent.).  The  heavily  stained 
bacillus  will  be  found  to  be  surrounded  by  a  pale  violet 
halo. 

NicoUe  treats  the  cover-glass  with  a  mixture  of  one- 
per-cent.  carbolic  acid  (100  parts)  and  concentrated  gla- 
cial alcoholic  gentian  violet  (10  parts).  It  is  then  washed 
in  absolute  alcohol  containing  one-third  its  volume  of 
acetone,  rinsed  in  water,  dried,  and  mounted. 

Hiss'  copper-sulphate  method  consists  of  preparing 
films  by  mixing  the  organism  with  a  drop  of  diluted 
serum  on  a  cover-glass.  If  the  organism  has  been 
grown  upon  ascitic  or  serum  medium,  this  latter  step  is 
not  necessary,  the  film  being  made  direct  from  culture. 
The  film  is  dried  in  air  and  fixed  with  heat.  An  aque- 
ous solution  of  gentian  violet  (5  c.c.  saturated  alcoholic 
solution  gentian  violet  to  95  c.c.  distilled  water)  or 
fuchsin  may  be  used,  as  stain.  The  stain  is  placed  on 
the  fixed  cover-glass  preparation,  and  carefully  heated 
over  a  flame  for  a  few  seconds  until  steam  arises.  The 
stain  is  then  washed  off  with  a  twenty-per-cent.  solu- 
tion of  copper  sulphate  (crystals).  Thoroughly  dry  the 
stained  preparation  between  filter  papers  and  mount  for 
examination. 

Staining  of  the  Babes-Ernst  Granules. — Neisser  rec- 
ommends the  following  method  as  a  means  of  differen- 
tiating the  diphtheria  bacillus  from  like  organisms.  A 
culture  grown  on  Loffler's  serum  should  be  used.  The 
specimen  is  treated  for  one  to  three  seconds,  or  a  little 
longer,  with  the  following  solution :  1  gm.  of  methylene 
blue,  20  c.c.  of  absolute  alcohol,  50  c.c.  of  glacial  acetic 
acid  made  up  to  one  litre  \\ith  distilled  water.  It  is 
then  washed  with  water  and  stained  with  Bismarck 
brown  (two-per-cent.  aqueous  solution)  for  three  to  five 
seconds.  Finally  it  is  washed  with  water  and  exam- 
ined. The  blue  granules  will  stand  out  in  the  light 
brown  bacilli. 

Piorkowski  heats  the  preparation  for  one-half  to  one 
minute  with  an  alkaline  solution  of  methylene  blue,  then 
decolors  for  five  seconds  in  alcohol  containing  three  per 
cent,  of  hydrochloric  acid.  A  one-per-cent.  aqueous 
eosin  is  applied  for  contrast,  after  which  the  preparation 
is  washed  and  examined. 

Impression  Preparations  of  Colonies. — It  is  very  often 
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desirable  to  reproduce  or  preserve  the  characteristic  sur- 
lace  colomes.  The  selection  of  the  surface  colony  is 
made  under  the  microscope,  after  which  the  tube  of  the 
mstrument  is  raised  and  a  cover-glass  is  dropped  down 
upon  the  colony.  Gentle  pressure  is  applied,  the  cover- 
glass  lifted  off,  air-dried,  fixed,  and  stained  with  methyl- 
ene blue  in  the  usual  way. 

Staining  of  Protozoa.— The  study  of  the  protozoa  and 
kindred  microorganisms  is  so  closely  associated  with 
bacteriological  methods  that  it  will  not  be  amiss  to 
discuss  briefly  the  more  useful  stains  employed  in  con- 
nection with  this  important  class.  Many  advances  have 
recently  been  made  along  this  particular  hne  of  work 
which  has  thrown  much  light  upon  diagnosis  and  the 
etiology  of  disease. 

Romanowsky's  Chromatin  Stain. — This  method  is  ex- 
tremely valuablefor  staining  protozoal  parasites,  such 
as  those  of  malaria  and  the  trypanosomes.  It  may  also 
be  used  for  staining  Spirochceta  pallida.  When  properly 
carried  out  it  gives  an  admirable  differentiation  of  the 
chromatin,  which  appears  red  on  a  blue  background. 
Nocht's  modification  gives  very  good  results,  and  is 
briefly  as  follows :  A  solution  of  one-per-cent.  methyl- 
ene blue  and  one-half  per  cent,  sodium  carbonate  is 
kept  at  about  60°  C.  for  several  days  to  "ripen."  The 
change  which  takes  place  is  one  of  slow  oxidation,  and 
as  a  result  a  number  of  products  form,  among  which  is 
the  one  which  is  essential  to  this  method.  This  active 
red  constituent  has  been  designated  as  methylene  azur. 
To  about  2  c.c.  of  water  in  a  watch-glass  two  to  three 
drops  of  a  one-per-cent.  solution  of  eosin  are  added,  and 
then  the  altered  blue,  drop  by  drop,  till  the  eosin  tint 
just  disappears.  The  specimen  is  floated  on  this  dye 
for  five  to  ten  minutes,  after  which  it  is  washed  and 
examined. 

Independently  Wright,  I^eishman,  and  Renter  arrived 
at-  a  simple  modification.  The  ripened  or  polychrome 
methylene  blue  is  treated  with  an  eosin  solution  to  slight 
excess.  The  precipitate,  which  Renter  has  called  a 
methylene-blue  eosin,  is  then  filtered,  washed,  and  dis- 
solved in  methyl  alcohol.  This  solution  can  now  be  ob- 
tained from  Grubler.  Thirty  drops  of  this  are  added  to 
20  c.c.  of  distilled  water  in  a  large  watch-glass  or  Petri 
dish.  The  specimen,  which  can  be  fixed  with  ether  alco- 
hol or  with  formaldehyde  alcohol  (10:  90),  is  immersed 
in  the  dye  for  fifteen  to  thirty  minutes.  It  is  well  gently 
to  agitate  the  liquid  from  time  to  time.  It  is  then 
washed,  dried,  and  mounted. 

Wright's  modification  has  been  recommended  by 
Musgrave  and  Clegg  as  giving  the  best  results  in  staining 
the  amceba  of  the  dysentery.  The  Leishman  stain  has 
been  prominently  brought  forward  by  Wright  and 
Douglass  in  their  staining  of  white  blood  cells  (phago- 
cytes) while  studying  the  opsonic  action  of  blood  serum. 
As  a  phagocytic  cell  stain,  this  apparently  possesses  no 
advantage  over  Wright's  or  certain  other  modifications 
of  the  Romanowsky  stain.  These  stains,  ready  for  use, 
can  be  procured  from  dealers. 

Laveran  employs  1  c.c.  of  a  one-per-cent.  solution  of 
azur,  2  c.c.  of  a  0.1-per-cent.  solution  of  eosin,  and  8 
c.c.  of  water.  The  specimen  is  stained  for  ten  minutes, 
then  washed  and  immersed  for  two  or  three  minutes  in 
a  five-per-cent.  tannic  solution,  after  which  it  is  washed, 
dried,  and  mounted. 

Giemsa  has  made  several  modifications  of  the  stain. 
The  following  is  one,  which,  in  the  hands  of  Williams 
and  Lowden,  has  given  excellent  results  in  the  study  of 
the  finer  morphological  characteristics  of  "  Negri 
bodies." 

Take  azur  Il-eosin,  3.0  gm. :  azur  II.,  0.8  gm, ;  gly- 
cerin (Merck's  chemically  pure),  2,50.0  c.c. ;  methyl  alco- 
hol (chemically  pure),  2.50.0  c.c.  Both  glycerin  and 
alcohol  are  heated  to  60°  C.  The  dyes  are  put  into  the 
alcohol,  and  the  glycerin  is  added  slowly,  stirring.  The 
mixture  is  allowed  to  stand  at  room  temperature  over 
night,  and,  after  fijtration,  it  is  ready  for  use. 

The  technique  followed  by  WiUiams  in  the  study  of 
"  Ne°Ti  bodies  "  was  to  prepare  smears  of  brain  tissue 


(cortex  from  near  the  fissure  of  Rolando,  Ammon's 
horn,  and  cerebellum),  and  air-dry.  Fix  in  methyl  al- 
cohol for  five  minutes.  The  stain  is  added  to  distilled 
water,  which  has  previously  been  made  alkaline  by  the 
addition  of  one  drop  of  a  one-per-cent.  solution  of  po- 
tassium carbonate  to  each  ]0  c.c.  of  the  water.  The 
stain  is  used  in  the  proportion  of  one  part  of  stain  to  one 
part  of  the  slightly  alkaline  water.  This  solution  is 
poured  over  the  fixed  smear  at  once,  and  allowed  to 
stand  from  one-half  to  three  hours,  but  a  longer  time 
brings  out  the  structure  better.  The  stain  is  washed 
off  in  running  tap  water  from  one  to  three  minutes,  and 
dried  between  fine  filter  papers.  In  this  method  of 
staining,  the  cytoplasm  of  the  "  bodies  "  stains  blue  and 
their  central  bodies  and  ehromatoid  granules  stain  a 
blue-red  or  azure. 

Giemsa's  stain  has  been  used  extensively  to  bring  out 
Spirochceta  pallida,  in  the  examination  of  material 
from  syphilitic  lesions.  Film  preparations  are  prepared 
and  fixed  in  absolute  alcohol  for  fifteen  or  twenty  min- 
utes, then  dried  with  filter  paper.  The  technique  is 
continued  in  practically  the  same  manner  as  mentioned 
above  in  the  staining  of  "  Negri  bodies,"  but  the  staining 
solution  should  not  be  left  on  the  film  more  than  fifteen 
minutes.  It  is  then  washed,  dried  between  filter  papers, 
and  mounted  in  balsam.  The  Spirochceta  pallida  takes 
somewhat  of  a  faint  reddish  tint,  while  the  freijuently 
associated  Spirochceta  refringens  takes  a  bluish  tint  like 
other  organisms. 

Goldhorn's  Modification. — Goldhorn  has  preparetl  a 
polychrome-methylene-blue  eosin  stain  which  gives  ex- 
cellent results  in  the  staining  of  film  preparations  of 
Spirochceta  pallida.  This  stain  has  the  advantage  of 
being  easily  and  quickly  made.  The  method  is  as  fol- 
lows; Dissolve  2  gm.  of  lithium  carbonate  in  200  c.c. 
of  water  and  add  2  gm.  methylene  blue  (Merck's  medi- 
cinal, Grubler's  B.X.,  or  Koch's  rectified).  Moderately 
heat  the  mixture  in  a  rice  boiler  until  a  rich  polychrome 
is  formed, — this  is  recognized  by  a  distinct  red  colora- 
tion of  the  fluid.  Allow  to  cool  gradually,  and  then  re- 
move the  undissolved  residue  by  flltering  through  cot- 
ton. To  one-half  of  the  alkaline  flltrate  add  sufficient 
five-per-cent.  acetic-acid  solution  to  give  a  distinct  acid 
reaction  recognized  by  a  red  color  above  the  line  of  discol- 
oration on  the  litmus  test  paper.  The  other  half  is  now 
added  to  bring  the  whole  back  to  a  slight  degree  of 
alkalinity.  A  one-half-per-cent.  solution  of  French 
eosin  is  gradually  added,  stirring  until  a  filtered  sample 
shows  a  pale  bluish  color  with  slight  fluorescence.  Al- 
low to  stand  one  day,  then  filter  through  a  double  piece 
of  filter  paper  to  collect  the  precipitate  which  has  formed. 
Dry  the  precipitate  on  the  filter  paper  at  room  tempera- 
ture. When  thoroughly  dry,  the  precipitate  is  removed 
from  the  .filter  paper  and  dissolved  in  commercial  wood 
alcohol.  The  alcoholic  solution  is  allowed  to  stand  for 
one  day  in  an  open  vessel,  then  the  insoluble  residue  is 
removed  by  filtration.     The  stain  is  now  ready  for  use. 

The  staining  technique  is  as  follows :  Smears  of  se- 
rum or  blood  from  freshly  curetted  lesions  are  made 
upon  clean  slides.  To  the  unfixed  preparation  add  suf- 
ficient stain  to  cover  well,  allow  the  dye  to  act  for  three 
to  four  seconds,  then  pour  off  the  excess.  The  slide  is 
slowly  immersed  in  water  (film  side  down,  to  keep  free 
from  resulting  precipitate)  thus  permitting  an  interac- 
tion between  the  water  and  the  dye.  It  is  held  quietly 
in  the  water  for  four  to  five  seconds,  then  moved  about 
to  wash  off  excess  of  stain.  Dry  and  examine  with  oil 
immersion.  Spirochceta  pallida  takes  a  violet  stain, 
which  may  be  changed  to  a  bluish-black  by  adding 
Gram's  iodine  solution  for  fifteen  to  twenty  seconds. 
The  regular  staining  requires  only  ter  to  twelve  seconds 
for  completion,  thus  affording  a  good  working  method 
for  rapid  laboratory  diagnosis. 

Stern's  Silver  Impregnation  Stain  for  Spirochata  Pal- 
lida.— Stern  has  quite  recently  succeeded  in  staining 
Spirochceta  pallida  in  smear  preparations  by  a  silver-im- 
pregnation process. 

He  makes  the  stain  by  preparing,  upon  slides,  smears 
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of  material  from  syphilitic  lesions,  and  allowing  them 
to  air-dry  at  37°  C.  for  some  hours.  The  fixed  prepara- 
tions are  placed  in  a  ten-per-cent.  silver-nitrate  solution 
for  several  hours.  The  solution  should  be  in  a  colorless 
gla.ss  vessel,  and  allowed  to  stand  in  diffuse  sunlight 
during  the  staining  of  the  specimen.  When  the  prepara- 
tion takes  a  certain  brownish  tone  (easily  recognized 
after  some  experience)  and  shows  a  metaUic  sheen,  it 
should  be  removed  from  the  silver  solution.  Wash 
thoroughly  with  water,  dry,  and  prepare  for  examina- 
tion. Blood  cells  are  well  preserved.  They  show  a 
dehcate  black  contour  and  certain  fine  granules.  The 
spirochetes  take  a  deep  black  on  a  pale  brown  or  in 
places  a  colorless  background. 

Staining  of  Sections. — In  order  to  study  the  finer  dis- 
tribution of  bacteria  and  certain  protozoa  in  the  body 
of  an  infCv-ted  subject  it  is  necessary  to  harden  portions 
of  the  different  tissues  and  organs,  which  are  then  cut 
up  into  sections.  The  tissue  may  be  cut  by  the  aid  of 
ii  freezing  microtome,  but  the  best  results  are  obtained 
when  the  material  is  embedded  in  celloidin  or  in  par- 
affin. The  latter  is  especially  to  be  recommended.  The 
methods  which  are  used  for  this  work  are  essentially 
histological,  and  need  not  be  considered  in  this  connec- 
tion. 

Staining  of  Bacteria  in  Tissues. — To  obtain  a  simple 
stain  for  bacteria  the  section  is  placed  in  the  dilute  ani- 
line dye  for  about  five  minutes.  Dilute  carbolic  fuch- 
sin  or  carbolic  methylene  blue  is  verj'  good  for  this 
purpose.  It  is  then  washed  thoroughly  in  water  and 
transferred  to  very  dilute  acetic  acid  (1  c.c.  of  glacial 
acetic  acid  to  ],000  c.c.  of  water).  The  section  is  now 
placed  in  strong  alcohol  for  one-half  to  one  minute  to 
remove  the  excess  of  dye.  After  washing  in  water  it 
may  be  examined,  and  if  the  decoloration  has  not  been 
sufficient,-  the  treatment  with  alcohol  can  be  repeated. 
When  properly  differentiated  the  section  is  placed  for 
a  few  seconds  in  absolute  alcohol  for  dehydration,  then 
cleared  in  oil  of  cloves,  passed  through  xylol,  and  mounted 
in  Canada  balsam. 

In  Kiihne's  method  the  sections  are  stained  in  carbolic 
methylene  blue  and  differentiated  in  one-half  per  cent, 
hydrochloric  acid,  rinsed  in  dilute  lithium-carbonate 
solution,  then  in  water.  The  section  is  transferred  to 
absolute  alcohol,  which  is  slightly  colored  with  methyl- 
ene blue  for  one-half  minute ;  thfen  for  a  few  minutes 
to  aniUne  oil  containing  methylene  blue,  finally  into  clear 
aniline  oil,  turpentine,  xylol,  and  balsam. 

Nicolle  stains  the  sections  in  carbolic  thionin,  washes 
in  water  for  about  a  minute,  dehydrates  with  absolute 
alcohol,  clears  up  in  oil  of  cloves,  and  mounts  in  balsam. 
Another  procedure  employed  by  him  is  to  stain  first 
■with  Loffler's  methylene  blue,  differentiate  in  one-half 
per  cent,  acetic  acid,  and  fix  in  ten-per-cent.  solution  of 
tannin  for  a  few  seconds.  The  section  is  then  washed, 
dehydrated,  cleared,  and  mounted. 

Gram's  stain  is  apphed  to  sections  in  the  following 
manner:  The  section  is  placed  in  the  freshly  prepared 
aniUne-water  gentian  violet  for  about  ten  to  fifteen  min- 
utes, after  which  it  is  washed  in  water,  or  better  in  ani- 
line water,  to  remove  the  excess  of  dye.  The  section  is 
then  placed  in  Lugol's  iodine  for  three  to  five  minutes, 
^transferred  to  absolute  alcohol,  in  which  it  is  tilted  about 
until  the  excess  of  the  stain  has  been  removed  and  only 
a  pale  violet  color  remains.  Ebner's  solution  may  also 
be  used  for  decolorizing.  It  is  counterstained  in  very 
dilute  eosin^  for  about  a  minute,  washed  in  water, 
dehydrated  in  absolute  alcohol,  cleared  in  cloves,  and 
mounted. 

Bismarck  brown  may  be  used  for  a  contrast  color,  or 
Weigert's  picrocarmine.  The  latter  may  be  made  by 
adding  1  part  each  of  carmine  and  ammonia  to  50  parts 
of  water;  to  this  solution  picric  acid  is  added  until  a 
precipitate  forrns  which  is  dissolved  by  the  addition  of 
a  little  ammonia;  finally  a  few  drops  of  carbohc  acid 
are  added. 

Tubercle  and  leprosy  bacilli  can  be  stained  in  sections 
by    applying    the-  principle    employed    for    cover-glass 


preparations.  The  carbolic  fuchsin  should  be  warmed 
to  about  40°  C.  in  a  Petri  dish.  The  sections  remain  in 
this  solution  for  fifteen  to  thirty  minutes,  after  which 
they  are  washed  in  water  to  remove  the  excess  of  dye. 
They  are  then  decolorized  in  dilute  acid,  or  better  in  Eb- 
ner's solution.  The  latter  consists  of  one-half  part  each 
of  sodium  chloride  and  hydrochloric  acid,  30  parts  of 
water,  and  100  parts  of  alcohol.  The  faint  pink  sec- 
tions are  then  placed  in  Loffler's  methylene-blue  solu- 
tion for  about  half  a  minute,  after  which  they  are 
dehydrated  in  absolute  alcohol  for  a  few  seconds,  trans- 
ferred to  xylol,  and  mounted  in  balsam. 

Staining  of  Protozoa  in  Tissues. — It  will  not  be  neces- 
sary to  include  under  this  classification  other  organisms 
than  the  Spirochceta  jmllida:  As  this  spirochete  is  al- 
most constantly  associated  with  syphilis,  it  is  now  com- 
monly accepted  as  the  etiological  factor  of  the  disease. 
Several  methods  have  been  used  for  the  demonstration 
of  Svirochmta  ■pallida  in  section,  but  that  most  commonly 
used  is  the  first  method  of  Levaditi.  This  method  is 
essentially  a  modification  of  Ramon  y  Cajal's  method 
for  the  silver  impregnation  of  nerve  fibrilla;.  Levaditi 
proceeds  as  follows :  Small  pieces  of  tissue  about  1  mm. 
in  thickness  are  "fixed"  in  ten-per-cent.  formol  for  twen- 
ty-four hours.  Wash  and  harden  in  ninety-six-per- 
cent, alcohol  for  twenty-four  hours.  Remove  and  wash 
in  distilled  water  until  the  tissue  sinks  in  the  water. 
Impregnate  with  silver  by  placing  in  a  solution  of  1 .5- 
3.0  per  cent,  of  silver  nitrate,  and  keeping  at  a  tempera- 
ture of  38°  C.  for  three  to  five  days.  When  taken  out 
the  tissue  is  quickly  washed  in  distilled  water,  and 
placed  in  the  following  silver  reducing  solution:  Pyro- 
gallic  acid,  2-4:  gm. ;  formol,  5  c.c. ;  distilled  water,  100 
c.c.  Allow  to  stand  in  the  reducing  solution  at  room 
temperature  from  twenty-four  to  forty-eight  hours. 
Remove  and  wash  in  distilled  water,  dehydrate  in  ab- 
solute alcohol;  xylol;  embed  in  paraffin,  and  cut  in 
sections  not  more  than  five  microns  in  thickness. 
The  tissues  may  be  counterstained  by  Giemsa  mixture, 
or  by  toluidin  blue,  then  cleared  and  dehydrated  by  the 
regular  histological  method.  In  either  case,  the  spiro- 
chetes, in  a  well-stained  section,  should  appear  almost 
black  in  color. 

While  the  method  just  given  is  longer,  it  is  perhaps 
more  reliable  than  the  later  modification  by  the  same 
author.  In  the  second  method  the  tissue  in  thin  pieces 
is  fixed  in  ten-per-cent.  formol  for  twenty-four  to  forty- 
eight  hours,  then  hardened  in  ninety-six- per-cent.  alco- 
hol for  twelve  to  sixteen  hours  ;  removed  and  washed  in 
distilled  water.  Impregnate  at  room  temperature  from 
two  to  three  hours,  then  at  a  temperature  of  about  50° 
C.  from  four  to  six  hours,  in  a  solution  compound  of 
silver  nitrate  one  per  cent. ;  pyridin,  ten  per  cent,  (added 
just  before  using) ;  distilled  water,  100  c.c.  During  the 
process  of  impregnation,  the  solution  should  be  kept  in 
a  well-stoppered  flask.  Remove  tissue  and  rapidly 
wash  in  a  ten-per-cent.  pyridin  solution.  Reduce  the 
silver  in  tissue  by  placing  in  a  solution  compound  of 
pyrogalUc  acid,  four  per  cent,  (added  just  before  using) ; 
acetone  (purest),  ten  per  cent. ;  pyridin,  fifteen  per 
cent. ;  distilled  water  for  100  c.c.  The  reduction  is 
completed  after  a  few  hours.  Harden  in  alcohol,  xylol, 
paraffin,  section.  The  advantage  of  this  method  over 
the  former  lies  in  the  comparatively  short  time  in  which 
it  may  be  performed.  But,  generally,  it  does  not  give 
as  viniformly  good  results  as  the  first  method. 

Diagnostic  Methods. — The  general  principles  which 
have  been  given  find  their  practical  application  in  the 
diagnosis  of  disease.  It  is  desirable,  therefore,  to  indi- 
cate briefly  the  way  in  which  these  methods  are  applied. 

1.  Actinow,ycosis  (streptothricosis) . — This  condition 
is  not,  as  was  first  supposed,  due  to  one  definite  organ- 
ism, but  to  several  closely  related  species.  Culture  and 
staining  characteristics  aid  in  differentiation.  Some 
species  take  the  "  acid-fast "  stain,  while  others  do  not. 
The  pus  should  be  examined  unstained  under  a  cover- 
glass  for  the  characteristic  yellowish,  radiating  masses 
with   club-shaped  threads   along  the   border.     Perma- 
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nent  preparations  may  be  made  by  making  smears,  and 
fitaining  eitiier  by  the  simple  or  by  the  Gram  method. 
The  pus  may  be  hardened  in  mercuric  chloride  sec- 
tioned, and  stained  by  Gram.  Curettings  may  be  treated 
in  like  manner. 

2.  Anthmr. —Cover-fdass  smears  of  the  blood,  fluid 
from  vesicles,  or  scraping  from  pustules  are  stained  by 
the  simple  and  by  the  Cram  method.  Confirmation  of 
the  nature  of  the  organism  found  can  be  obtained  by 
inoculating  a  white  mouse  or  a  guinea-pig  subcutane- 
ously  with  the  material.  This  with  the  cultural  char- 
acteristics will  enable  identification. 

3_.  Bubonic  Plague. — This  diagnosis  may  be  made 
■during  life,  but  more  often  after  death.  In  the  pneu- 
monic form  the  blood-streaked  sputum  can  be  used  for 
.simple  stains,  which  will  show  large  numbers  of  the 
small  rods.  In  the  bubonic  type  the  enlarged  gland 
may  be  punctured  and  thus  niaterial  obtained  for  ex- 
amination. The  detection  of  the  bacillus  in  the  blood 
■can  be  effected  by  drawing  several  cubic  centimetres  of 
the  blood  from  a  vein  by  means  of  a  syringe.  Agar 
plates,  one  part  of  blood  to  two  parts  of  agar,  should 
then  be  made.  Whether  the  result  is  apparently  posi- 
tive or  wholly  negative,  an  animal  experiment  must  be 
•carried  out.  The  suspected  material  is  inoculated  sub- 
«utaneously  into  a  guinea-pig,  and  if  plague  bacilli  are 
present,  death  will  ensue  in  from  five  to  eight  days. 
Cultures  and  smears  from  the  animal  will  then  estabhsh 
the  nature  of  the  organism.  An  important  cultural 
characteristic  is  brought  out  by  planting  the  material 
on  agar  containing  about  three  per  cent,  of  salt.  Round 
■or  pear-shaped  involution  forms  develop.  The  smears 
irom  the  body  should  be  stained  with  LofFler's  methyl- 
•ene  blue  or  with  carbolic  thionin.  The  short  rods  take 
the  bipolar  stain,  and  if  the  material  is  old,  roundish 
involution  forms  or  "  doughnuts  "  will  be  met  with. 
The  bacilli  are  not  stained  by  Gram. 

4.  Cholera. — The  examination  may  aim  to  find  the 
■cholera  vibrio  in  the  drinking-water,  or  it  may  be  con- 
cerned with  the  diagnosis  of  the  disease.  In  the  latter 
•case  the  rice-water  discharges  should  be  collected  and 
.searched  for  mucous  flakes.  Preparations  from  these, 
when  stained,  will  show  the  appearance  of  the  charac- 
teristic vibrio.  The  appearance  of  the  colonies  on  gela- 
tin and  on  agar  plates,  the  growth  in  bouillon,  and  the 
indol  reaction  serve  to  identify  the  organism.  The  in- 
traperitoneal injection  of  the  culture  into  a  guinea-pig 
should  also  be  practised.  The  most  important  reaction 
is  that  of  Pfeififer.  It  consists  in  injecting  into  the  peri- 
toneal cavity  of  a  guinea-pig  a  mixture  of  the  chol- 
era antiserum  and  the  suspected  organism.  Every  few 
minutes  a  drop  of  fluid  is  withdrawn  from  the  peritoneal 
cavity  by  means  of  a  capillary  tube  and  examined.  If 
the  organisms  persist,  it  is  safe  to  say  that  they  are  not 
those  of  true  cholera.  The  latter  under  these  conditions 
lose  motion,  become  granular,  and  soon  disappear. 

It  may  be  possible  under  exceptional  circumstances  to 
•detect  the  cholera  vibrio  in  drinking-water  by  ordinary 
plating  on  gelatin.  Obviously  the  number  of  the  organ- 
isms may  be  so  small  and  the  other  bacteria  may  be  so 
numerous  that  it  is  impossible  to  obtain  positive  results 
by  this  method.  To  overcome  this  difficulty  SchotteUus 
devised  an  enriching  method.  This  consists  in  adding 
the  suspected  water  to  a  one-per-cent.  solution  of  pep- 
tone and  incubating  at  37°  C.  for  about  twelve  hours. 
The  actively  motile  cholera  spirilla,  on  account  of  their 
need  of  oxygen,  accumulate  as  a  cloudy  layer  near  the 
.surface.  A  loop  of  this  Uquid  is  then  transferred  to  and 
spread  over  the  surface  of  gelatin  and  agar  plates,  and 
the  further  identification  is  then  easily  effected.  Obvi- 
ously the  peptone  may  be  added  direct  to  the  water,  for 
example  100  c.c,  and  in  this  way  the  presence  of  a  very 
few  vibrios  in  a  large  volume  of  water  may  be  detected. 

5.  Diphtheria. — The  necessary  material  for  the  ex- 
.■amination  is  obtained  either  by  means  of  a  Roux  spatula 
(Fig.  5095)  or  by  a  cotton  swab.  The  cotton  swab  is 
aisually  employed,  and  is  made  by  twisting  a  piece  of 
cotton  about  the  end  of  a  thick  iron  wire.     The  wire 


should  be  about  si.x  inches  long.  The  cotton  end  is  then 
placed  in  a  plugged  test  tube  which  is  sterilized  by  dry 
heat.  Whether  a  pseudomembrane  is  present  or  not, 
scrapings  are  made  from  the  surface  of  the  affected  ton- 
sils or  throat  and  examined.  Usually  the  swab  is 
streaked  over  the  surface  of  one  or  more  tubes  of  plain, 
or  better  Loffler's  serum.  These  tubes  are  incubated 
over  night  and  examined  in  the  morning  for  the  charac- 
teristic diphtheria  bacilli.  The  cover-glass  preparations 
made  from  these  cultures  are  stained  with  Loffler's 
methylene  blue.  The  swollen  rods  with  irregularly 
stained  contents  are  easily  identified.  In  case  there  is 
any  doubt  as  to  the  diagnosis,  it  is  advisable  to  inoculate 
a  guinea-pig  with  the  culture  material. 

Whenever  possible  it  is  advisable  to  make  cover-glass 
preparations  direct  from  the  false  membrane.  These  are 
then  stained  with  Loffler's  methylene  blue.  The  diagno- 
sis can  thus  often  be  made  in  a  few  minutes. 

6.  Dysentery. — It  is  necessary  to  distinguish  between 
two  types,  the  bacillary  and  the  amoebic.  The  examina- 
tion for  amoebfe  should  be  made  at  once,  immediately 
after  the  stool  is  passed,  in  order  to  obtain  actively  mo- 
tile organisms.  A  drop  of  the  thin  fa-ces  or  suspension 
is  placed  on  a  slide,  covered  with  a  cover-glass,  and 
examined  under  the  microscope.  The  characteristic 
motion  will  leave  no  doubt  as  to  the  nature  of  the  or- 
ganism. The  motion  can  be  observed  best  on  a  warm 
slide  or  in  an  incubator.     Staining  is  not  necessary. 

The  baciflary  form  is  due  to  the  Bacillus  dysenteries, 
and  the  diagnosis  of  this  type  necessitates  the  detection 
of  this  organism.  Make  lactose  litmus  agar  plates  from 
faeces  and  develop  at  37°  C.  B.  coli  colonies  may  be 
excluded  by  their  acid  formation.  From  the  colorless 
colonies  which  develop  after  twenty-four  hours,  sub- 
cultures should  be  made  upon  glucose  agar,  mannite- 
litmus  agar,  etc.,  for  differentiation.  Those  which 
cause  gas  formation  in  glucose  agar  may  be  rejected. 
The  pure  cultures  should  finally  be  tested  for  agglutina- 
tion with  the  serum  of  a  dysenteric  patient.  Too  much 
care,  however,  cannot  be  exercised  in  drawing  conclu- 
sions based  upon  a  positive  agglutination  reaction,  since 
this  test  is  undoubtedly  given  by  allied  organisms. 

7.  Gonorrhea. — Cover-glass  preparations  made  from 
the  pus  will  serve  to  establish  the  diagnosis  in  nearly  all 
instances.  They  should  be  stained  with  Loffler's  methyl- 
ene blue.  A  fair  double  stain  can  be  obtained  by  first 
applying  eosin,  after  which  the  blue  can  be  used  for  a 

.few. seconds.  The  result  is  a  more  or  less  pink  back- 
ground with  blue  gonococci.  Gram's  method  is  nega- 
tive. 

Von  Wahl  recommends  the  following  method  of  double 
staining  which  brings  out  the  gonococci  as  reddish-vio- 
let to  black  cells  on  a  light  green  background.  The 
stain  consists  of:  Concentrated  alcoholic  solution  of 
auramin,  2  c.c;  ninety-five-per-cent.  alcohol,.  1.5  c.c; 
concentrated  alcoholic  solution  of  thionin,  2  c.c. ;  con- 
centrated aqueous  methyl  green,  3  c.c. ;  water,  6  c.c. 
The  auramin  and  thionin  solutions  are  prepared  by  dis- 
solving the  dyes  in  hot  ninety-five-per-cent.  alcohol  to 
saturation,  cooling,  and  filtering.  The  cover-glasses  are 
stained  for  five  to  fifteen  seconds.  The  ordinary  bac- 
teria stain  feebly  or  not  at  all. 

The  detection  of  the  gonococcus  in  septicsemic  cases 
can  be  accomplished  by  drawing  5-10  c.c.  of  blood  from 
the  vein  of  the  arm  and  adding  this,  in  about  equal 
parts,  to  melted  agar  at  45°  The  mixture  is  at  once 
poured  into  Petri  dishes,  and  these  are  developed  at 
37°  C.  In  this  way  the  gonococcus  can  be  detected 
when  stains  would  fail  to  show  the  organism. 

The  culture  test  for  the  gonococcus  is  rarely  resorted 
to  on  account  of  the  difficulty  of  obtaining  the  neces- 
sary blood  or  serous  fluids.  The  ordinary  media  have 
always  been  regarded  as  unfavorable  for  the  growth  of 
this  organism.  According  to  Thalmann,  Wildbolz,  and 
others,  the  gonococcus  can  be  grown  on  ordinary  one- 
and-one-half -per-cent.  meat-peptone  agar.  Thalmann 
recommends  very  highly  such  a  medium  for  diagnostic 
purposes,  and  especially  where  direct  microscopic  ex- 


44:1 


Bacteriological 
Techniqiie. 


REFEREXCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


amination  is  unsatisfactory  or  negative.  The  aciaity  of 
ordinary  agar  or  bouillon  is  reduced  by  tlie  addition  ot 
two-thirds  of  the  amount  of  alkah  necessary  to  make  the 
media  neutral  to  phenolphthalein.  The  preparation  ot 
these  media  has  been  given. 

8.  Leprosy.— The  leprous  nodules  are  characterized 
by  the  presence  of  enormous  numbers  of  the  specific 
bacillus  which  can  be  readily  detected  by  staining.  The 
Ziehl-Neelsen  method,  as  employed  for  the  tubercle 
bacillus,  will  give  excellent  results  if  the  tissue  is  rea- 
sonably fresh.  When  kept  for  some  time  in  alcohol  the 
baciUi  lose  their  staining  properties  so  far  as  this  method 
is  concerned,  but  they  can  still  be  found  by  means  of 
Gram's  method.  Animal  inoculations  and  cultures  are 
not  possible. 

9.  Cerebrospinal  Meningilis. — The  Diplococcus  intra- 
cellularis  meningitidis  is  found  in  the  cerebrospinal 
fluid.  Hence  during  life  it  is  necessary  to  remove  some 
of  the  fluid  by  lumbar  puncture.  This  fluid  should  be 
planted  abundantly  on  glyceiin,  or  better  on  serum  agar. 
Cover-glass  preparations  made  direct  will  show  the  typ- 
ical organism  resembling  the  gonococcus  in  form  and  in 
its  presence  within  the  leucocytes.  It  is  not  stained  by 
Gram's  method,  but  can  be  given  a  double  stain  by  that 
of  Pick  and  Jacobsohn,  or  by  the  modification  suggested 
by  Fraenkel.  The  dye  is  made  by  adding  to  20  c.c.  of 
water  eight  drops  of  a  saturated  solution  of  methylene 
blue,  and  then  forty  to  fifty  drops  of  carbolic  fuchsin. 
The  dye  is  allowed  to  act  for  five  minutes.  The  cocci 
are  blue  on  a  red  background. 

10.  Pneumonia. — In  all  pneumonic  conditions  the 
blood-streaked  sputum  should  be  examined  by  making 
simple  and  Gram  stains.  In  this  way  it  becomes  possi- 
ble to  recognize  the  pneumonic  form  of  plague.  Ordi- 
narily, however,  pneumonia  is  due  to  the  Fraenkel  diplo- 
coccus and  at  times  to  the  Friedlander  pneumobacillus. 
The  form,  staining,  and  cultural  properties  of  these  or- 
ganisms permit  ready  differentiation  and  identification. 
The  lance-shaped  diplococcus  of  Fraenkel,  as  found  in 
the  body,  is  surrounded  by  a  capsule,  and  is  stained  by 
Gram's  method.  The  colonies  and  cultures  on  glycerin 
agar  are  very  faint  and  dewdrop  like,  and  tend  to  die 
out  in  a  few  days.  Their  vitality  and  virulence  are  best 
preserved  by  cultivating  them  on  rabbit  blood  or  serum 
agar.  Calcium  broth  may  be  used  for  the  same  pur- 
pose. In  doubtful  cases  the  material  should  be  injected 
under  the  skin  of  the  ear  of  a  rabbit.  If  death  results 
the  diplococcus  will  be  found  in  large  numbers  in  the 
heart  blood  and  organs  of  the  animal. 

11.  Rabies. — The  cause  of  this  disease  is  as  yet  un- 
known, but  it  is  to  be  found,  in  pure  condition  so  to 
speak,  in  the  brain  and  spinal  cord  of  the  affected  per- 
son or  animal.  The  diagnosis  rests  upon  animal  inocu- 
lation with  such  material.  A  few  drops  of  a  suspension 
of  the  brain  or  cord  are  injected  subdurally  into  a  rab- 
bit or  guinea-pig.  The  method  has  been  already  de- 
scribed. 

The  histological  changes  in  the  nervous  system  are 
very  slight,  and  it  has  been  suggested  that  the  diagnosis 
of  rabies  may  be  hastened  by  making  an  examination  of 
sections  of  the  cord  and  ganglia.  The  lesions  are  not 
sufficiently  marked  in  all  cases  to  permit  diagnosis,  and 
for  that  reason  this  method  should  not  be  relied  upon  to 
the  exclusion  of  the  only  positive  test,  that  of  animal 
inoculation. 

The  recent  work  of  Williams  upon  "  Negri  bodies  " 
has  called  attention  to  the  fact  that  a  rapid  diagnosis 
may  be  made  from  smear  preparations  of  the  brains 
from  animals  suffering  from  rabies.  After  a  long  series 
of  observations,  both  cHnical  and  experimental,  the  De- 
partment of  Health  of  New  York  City  has  adopted  this 
method  of  diagnosis.  Their  present  method  of  procedure 
is  as  follows :  Make  smear  preparations  from  the  cortex 
taken  from  the  region  corresponding  to  the  fissure  of 
Rolando,  Ammon's  horn,  and  the  cerebellum.  The  smears 
are  fixed  while  moist  in  a  solution  composed  of  methyl 
alcohol  (previously  neutralized  with  sodium  carbonate) 
containing  one-tenth  of  one  per  cent,   of  picric  acid. 


After  allowing  to  act  one  to  two  minutes,  pour  off  the 
fixing  fluid,  and  blot  with  fine  filter  paper. 

The  stain  is  prepared  by  adding  five  drops  saturated 
alcohol  solution  methylene  blue,  and  one  drop  saturated 
alcohol  solution  basic  fuchsin,  to  10  c.c.  distilled  water. 
This  should  be  freshly  prepared  just  before  using.  Pour 
stain  on  slide;  warm  until  it  steams;  pour  off;  rinse 
smear  in  water ;  blot  and  allow  to  dry.  Upon  examina- 
tion under  the  oiKimmersion  lens,  the  "  Negri  bodies  " 
will  be  found  in  the  nerve  cells.  The  cytoplasm  of  the 
"bodies"  takes  a  distinctive  red  color;  their  inner 
structures  a  dark  blue.  The  nerves  are  light  blue,  and 
the  blood  cells  a  pale  salmon-red.  At  room  temperature- 
this  stain  is  not  permanent,  but  it  has  the  advantage  of 
being  a  very  rapid  method  for  the  diagnosis  of  rabies. 

12.  Tetanus. — The  point  of  inoculation  must  be  found 
first.  This  may  not  always  be  easy,  for  the  original 
wound  may  have  healed  over.  The  portal  of  entry  may 
be  a  bad  tooth,  or  the  wound  produced  by  an  old  rusty 
nail,  a  sphnter  of  wood,  or  the  powder  grains  of  a  pistol. 
Cover-glass  preparations  should  be  made  from  the  pus, 
if  there  is  any;  and,  if  not,  from  such  serum,  blood,  or 
tissue  as  can  be  obtained  from  the  wound.  They  should 
be  stained  with  carbolic  fuchsin.  The  specimen  should 
be  examined  for  "  drum  sticks  "  or  rods  with  terminal 
spores,  and  particularly  for  the  presence  of  rather  nar- 
row, long  bacilli.  These  are  present  even  when  no  spores 
can  be  found. 

Cultures  should  be  made  on  glucose  litmus  gelatin, 
and  at  the  same  time  a  series  of  glucose  agar  plates 
should  be  made  and  developed  at  37°  C,  either  in  hydro- 
gen or  in  the  pyrogallate  apparatus.  The  original  tissue 
should  be  planted  under  the  skin  of  a  white  mouse  and 
of  a  guinea-pig.  The  cultures  when  developed  are  care- 
fully searched  for  the  drum-stick  forms. 

13.  Tubercuhsis. — The  pulmonary  form  is  usually" 
recognized  by  an  examination  of  the  sputum,  preferably 
that  which  has  been  collected  in  the  morning  on  rising. 
The  cheesy  particles,  if  such  can  be  recognized,  should 
be  picked  out  by  means  of  the  wire  and  spread  over  the 
cover-glass.  The  specimen  is  then  stained  by  the  Ziehl- 
Neelsen  method  already  given.  The  red  rods  on  a  blue 
background  are  readily  recognized. 

The  same  method  is  employed  in  the  examination  of 
pleuritic  fluid,  pus,  urine,  milk,  etc.  In  all  these  exami- 
nations, however,  two  facts  should  be  borne  in  mind. 
In  the  first  place  the  tubercle  bacilli  may  be  present,  but 
in  such  small  numbers  that  they  escape  detection.  Again, 
acid-resisting  organisms,  such  as  the  leprosy,  smegma, 
timothy-grass  bacillus,  etc.,  may  be  present,  and  may  be 
easily  mistaken  for  the  tubercle  baciUus. 

In  either  case  it  is  the  animal  experiment  which  will 
serve  to  remove  the  doubt.  When  the  tubercle  bacilli 
are  few  or  doubtful,  it  is  w-ell  to  submit  the  material  to 
preliminary  centrifugation.  The  deposit  can  be  used 
then  for  staining  and  for  injection.  The  injections 
should  be  made  into  the  peritoneal  cavity  of  the  guinea- 
pig.  If  tubercle  bacilli  are  present  in  the  material  used, 
even  if  so  scarce  as  to  be  unrecognized  by  the  microscope, 
the  animal  will  develop  the  disease  and  will  die  in  the 
course  of  a  month  or  two.  The  tuberculous  organs  and 
glands  can  be  examined  then  for  tubercle  bacilli,  and 
cultures  can  be  made  on  glycerin  agar,  potatoes,  and  on 
Hesse's  Heyden  agar.  "The  acitl-resisting  bacilli,  other 
than  the  tubercle  bacillus,  are  not  fatal  to  animals,  and, 
moreover,  the  histological  changes  which  they  induce 
are  quite  different  from  tliose  caused  by  the  tubercle 
bacillus. 

1-1.  Typhoid  Fever. — The  verification  of  the  diagnosis 
is  usually  made  by  means  of  the  agglutination  test  of 
AVidal,  which  will  be  described  later.  The  direct  detec- 
tion of  the  typhoid  bacillus  in  fa?ces,  urine,  blood,  rose 
spots,  and  in  water  presents  marked  diificulties.  The 
reason  for  this  Hes  in  the  very  great  similarity  which  ex- 
ists between  the  typhoid  and  the  colon  bacillus.  Nu- 
merous methods  have  been  devised  for  the  purpose  of 
effecting  a  distinction  between  these  two  organisms  ;  and 
while  it  is  an  easy  matter  to  differentiate  between  the 
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pure  cultures  of  the  typical  organisms  it  becomes  vastly 
more  difficult  under  natural  conditions,  especially  when, 
as  often  is  the  case,  the  para-colon  and  para-typhoid 
bacilli  are  present. 

Some  of  these  methods  endeavor  to  restrict  the  growth 
of  the  colon  and  of  adventitious  bacteria  by  the  addition 
of  antiseptic  substances  to  the  media.  Thus  carbolic 
bouillon,  Parietti's  carbolic  hydrochloric-acid  broth, 
malachite-green  agar,  and  crystal  violet  are  used  with 
■this  object  in  view,  but  there  can  be  no  doubt  that  weak 
typhoid  bacilli  are  also  inhibited. 

Other  methods  are  based  vipon  the  unequal  diffusion 
•of  the  two  organisms  in  special  media.  The  Stoddart, 
Hiss,  and  Capaldi  media  belong  to  this  class.  Again, 
the  effort  is  made  to  bring  out  differences  between  the 
colonies  of  the  Eberth  and  colon  bacilli,  as  in  the  case 
of  the  Holz  potato  gelatin,  Eisner,  Weil,  Hiss,  and  Pior- 
kowski  media.  These  are  all  described  in  the  foregoing 
pages.  Still  other  methods  seek  to  utilize  the  differ- 
ences in  the  fermentative  powers  of  these  organisms,  as 
•evidenced  in  the  production  of  gas,  acid  products,  etc. 
Lastly,  there  are  several  methods  which  have  only  re- 
cently been  devised  in  which  the  distinction  is  effected 
by  means  of  the  agglutination  reaction.  That  of  Win- 
■delbandt,  as  modified  by  Schepilewsky,  certainly  seems 
to  be  effective  in  detecting  typhoid  bacilli  in  tap  water. 
Its  real  value  in  the  examination  of  typhoid  faeces  re- 
mains to  be  demonstrated. 

Schepilewsky's  procedure  is  as  follows :  Several  cubic 
centimetres  of  the  infected  water  are  added  to  50  c.c.  of 
bouillon  in  an  Erlenmeyer  flask,  which  is  then  incubated 
Jor  twenty-four  hours  at  37°  C.  The  culture  is  now  fil- 
tered through  a  sterile  cotton  filter  in  order  to  remove 
any  compact  masses  of  bacteria  which  may  be  present. 
The  filtrate  is  received  in  conical  centrifugating  tubes. 
A  very  active  serum  from  a  rabbit,  which  has  been  im- 
munized to  the  typhoid  bacillus,  is  then  added  to  the 
cloudy  filtrate,  and  this  is  set  aside  for  two  to  three 
hours  at  37°  C.  If  many  typhoid  bacilli  are  present, 
visible  agglutination  may  be  noted ;  but  if  they  are  not 
abundant,  the  masses  will  be  so  small  that  agglutina- 
tion may  not  be  detected.  In  either  case  the  tubes  are 
centrifugated  for  one  to  two  minutes,  after  which  the 
fluid  is  decanted  and  the  tubes  are  inverted  so  as  to 
•drain  as  completely  as  possible.  Sterile  sodium-chloride 
•solution  is  then  added  to  the  tubes  and  the  deposit  is 
taken  up  and  transferred  to  a  sterile  test  tube  which 
contains  glass  beads.  By  vigorous  shaking,  the  agglu- 
tinated masses  can  now  be  broken  up  and  a  homogeneous 
suspension  obtained.  A  glass  rod,  bent  at  right  angles, 
is  then  dipped  in  the  suspension,  and  streaked  thoroughly 
over  the  surfaces  of  a  number  of  plates  of  the  special 
agar.  The  latter  is  a  tbree-per-cent.  agar,  to  which 
after  sterilisation  in  an  autoclave  a  lactose  and  lacmoid 
solution  is  added.  This  consists  of  1.5  per  cent,  lactose 
and  0.04  per  cent,  lacmoid,  and  before  addition  is  boiled 
fifteen  minutes.  The  Petri  dishes  are  developed  at  37° 
C.  for  twenty-four  hours.  The  typhoid  colonies  are 
round  or  oval  and  sharp-bordered ;  later  they  show  the 
typical  spreading  form,  and  the  color  of  the  centre 
changes  to  a  dirty  yellow. 

The  typhoid-like  colonies  should  then  be  examined 
under  the  microscope  and  submitted  to  further  identifi- 
cation. A  suspension  of  the  colony  may  be  tested  for 
the  agglutination  reaction  with  typhoid  serum.  Pfeif- 
fer's  reaction  may  be  tested  for  by  injecting  a  mixture  of 
antityphoid  serum  and  the  organism  into  the  peritoneal 
cavity  of  a  guinea-pig,  as  described  under  Cholera.  The 
cultures  should  also  be  tested  for  gas  production,  indol, 
milk  coagulation,  and  on  the  special  plating  media. 

The  malachite-green  enriching  method  of  Lentz, 
Endo's  fuchsin  agar,  and  MacConkey's  bile-salt  lactose 
agar  are  recommended  by  different  workers  for  the 
separation  of  the  typhoid  bacillus  from  fseces. 

For  the  cultivation  of  the  bacillus  from  patients' 
blood,  perhaps  the  ox-bile  medium  of  Coleman  and 
Buxton  furnishes  the  best  method. 

In  the  absence  of  the  serum  necessary  for  the  above 


method  recourse  may  be  had  to  the  plating  medium  of 
Hiss,  the  urine  gelatin  of  Piorkowski,  and  the  Drigalski- 
Conradi  agar,  the  preparation  of  which  has  been  given. 

15.  A  number  of  infections  due  to  moulds  and  allied 
forms  and  also  to  yeast-like  bodies  have  been  described. 
The  former  are  represented  by  the  streptothrices,  or, 
more  correctly,  by  the  actinomyces  of  Madura  foot  and 
of  cattle  farcy.  The  yeast  or  blastomycotic  affections 
have  been  noted  in  certain  forms  of  dermatitis,  and  may 
even  be  systemic  in  character.  In  all  these  diseases  the 
examination  of  the  pus  and  of  sections  of  tissue,  as  well 
as  the  culture  of  the  organism,  must  be  carried  out. 

16.  Protozoal  Diseases. — Several  very  important  dis- 
eases are  due  to  organisms  of  this  class.  The  examina- 
tion for  amoebse  in  tropical  dysentery  has  already  been 
touched  upon.  The  sporozoa  include  among  others  the 
Plasmodium  of  malaria,  the  piroplasma  of  Texas  fever, 
of  "  spotted  fever,"  and  of  horses,  sheep,  and  dogs.  The 
flagellata'  cause  the  various  trypanosomatic  diseases, 
such  as  the  surra  of  Asia  and  of  the  Phihppine  Islands, 
nagana  or  the  tsetse-fly  disease  of  South  Africa,  dourine 
or  "  maladie  du  coit  "  of  the  Mediterranean  Uttoral, 
caderas  of  South  America,  the  Gambian  fever  and  the 
sleeping-sickness,  the  last  two  being  diseases  of  man. 
Moreover,  many  animals  harbor  in  the  blood  parasites 
of  this  group,  as  in  the  case  of  the  vrild  rat. 

In  all  suspicious  cases  the  blood  should  be  examined 
for  these  two  groups  of  organisms.  The  plasmodium  of 
malaria  is  found  especially  within  the  blood  cells.  The 
trypanosomes  are  free  in  the  plasma.  The  blood  may  be 
examined  direct  under  the  cover-glass,  or  in  hanging 
drop,  or  in  a  Ranvier  slide.  Stained  preparations  can 
b^  made  with  methylene  blue,  thionin,  or  best  with 
some  modification  of  the  Romanowsky  method.  The 
preparation  of  the  specimens  and  the  staining  methods 
have  already  been  described.  The  trypanosomes  of  the 
rat  and  of  nagana,  cultivated  by  Novy  and  MoXeal,  are 
the  only  pathogenic  protozoa  which  it  has  been  possible 
to  grow  artificially.  Their  presence  is  best  detected  by 
direct  examination  of  the  blood,  though  at  times  they 
may  be  very  difficult  to  find,  and  may  require  daily  ex- 
aminations for  several  weeks. 

Determination  of  the  Thermal  Death  Point  of 
Bacteria. — In  this  work  and  also  in  testing  disinfect- 
ants it  is  necessary  to  have  almost  homogeneous  suspen- 
sions of  the  organism  to  be  tested.  Water  suspensions 
should  be  used  first,  and  later  those  of  bouillon,  serum, 
etc.  The  liquid  is  introduced  by  means  of  a  bulb  pipette 
into  the  tube  of  an  agar  culture.  The  growth  is  rubbed 
up  as  much  as  possible,  and  the  suspension  is  then  trans- 
ferred to  a  sterile  glass-wool  filter.  In  this  way  the 
masses  of  bacteria  are  removed.  The  cloudy  filtrate 
may  be  used  as  such,  or  it  may  be  diluted  so  as  to  have 
fewer  organisms  in  the  test.  It  may  be  used  as  such 
for  determining  the  action  of  moist  heat  and  for  testing 
disinfectants.  Again,  for  dry-heat  work  and  for  many 
disinfecting  tests  the  suspension  is  allowed  to  dry  upon 
the  surface  of  sterile  glass  slips,  glass  or  garnet  beads, 
silk  threads,  muslin  squares,  etc. 

To  test  the  action  of  dry  heat  a  number  of  cover-glasses 
on  which  the  test  organism  has  been  dried  are  placed  in 
a  sterile  Petri  dish  and  exposed  to  a  given  temperature. 
At  ^iven  intervals  a  specimen  is  removed  and  planted  in 
bouillon. 

To  test  the  action  of  moist  heat  the  best  procedure  is 
to  draw  up  the  liquid  into  sterile  capillaries,  as  shown  in 
Fig.  5121.  The  tube  is  sealed  below  and  above  the 
liquid.  The  advantage  of  this  method  lies  in  the  fact 
that  the  heat  promptly  penetrates  every  part  of  the  sus- 
pension. A  number  of  tubes  thus  equipped  are  placed 
in  a  water-bath,  the  temperature  of  which  is  kept  at  a 
constant  point  by  means  of  a  regulator.  At  intervals  a 
capillary  is  removed,  cooled,  opened  at  one  end,  and  the 
contents  are  expelled  into  a  tube  of  bouillon  by  gently 
touching  the  closed  end  to  a  flame. 

Testing  of  Chemicals. — In  this  work  it  is  necessary  to 
distinguish  between  the  antiseptic  and  the  disinfecting 
action  of  a  substance.     The  former  refers  to  the  amount 
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of  the  substance  which  will  inhibit  the  growth,  but  not 
necessarily  kill  the  organisms.  The  latter  implies  the 
actual  destruction  of  the  test  object.  Obviously  a  sub- 
stance which  will  kill  bacteria,  when  diluted  sufficiently 
will  merely  restrict  their  growth,  and  when  the  dilution 
is  excessive  will  have  no  action  whatever. 

The  antiseptic  action  is  determined  by  adding  to  the 
suspension  in  bouillon  varying  amounts  of  the  chemical 


favorable  conditions.     For  the  purpose  of  practical  im- 
munization of  animals,  it  is  necessary  to  have  highly 
concentrated    toxins;    therefore,    precautions    must    be 
taken  in  cultivating,  to  bring  about  the  proper  condi- 
tions.    Although  the  question  of  toxin  production  is  as 
yet  not   fully  understood,  experience   has   shown  that 
certain  media  are  more  favorable  than  others,  also  cer- 
tain strains  of  the  same  organism  vary  in  their  ability 
to  elaborate  toxins.     In  the  prepara- 
,    tion  of  diphtheria  toxin.  Park  recom- 
mends as  a  suitable  culture  medium 
a  nutrient  broth  prepared  in  the  regu- 
lar  manner    from    young    veal.      To- 
each  litre  add  two  per  cent,  peptone 
(Witte) ,  and  sufficient  alkali  to  give  an 
alkalinity  equivalent  to  the   addition 
of  8  c.c.  of  normal  solution  of  potas- 
sium hydrate  above  the  neutral  point 
to   litmus.      Sufficient  nutrient   broth. 
is  placed   in  thin  layers    (about    two 
Fig.  5121.— Filling  of  Capillary  Tubes  for  Thermal  Death-point  Det^rnninations.     c,  Tube    inches    deep)    in    large-necked    Erlen- 


fllled  ready  to  be  sealed  at  .r ;  ft,  emptying  ol  tube.    (Novy.) 


so  as  to  make  different  dilutions,  for  example:  1  in  .500, 
1  in  1,000,  1  in  5,000,  1  in  10,000,  etc.,  solutions.  The 
tubes  thus  equipped  are  then  placed  in  the  incubator  for 
several  days.  The  very  weak  solutions  will  show 
growths,  while  the  very  concentrated  ones  will  show 
none.  The  amount  which  just  inhibits  the  growth  rep- 
resents the  antiseptic  power  of  the  substance. 

The  germicidal  action  of  a  gas,  such  as  formaldehyde, 
is  determined  by  exposing  cover-glass  preparations,  silk 
threads,  bit  of  muslin,  etc.,  impregnated  with  the  sus- 
pension, dry  and  moist,  to  the  action  of  the  gas  in  a 
tight  room.  At  the  end  of  the  exposure  the  preparations 
are  transferred  to  sterile  tubes  of  bouillon  and  inoculated. 

The  germicidal  action  of  liquids  is  ascertained,  either 
by  adding  the  solution  to  the  bacterial  suspension  or  by 
immersing  in  the  solution  the  dried  cover-slip  prepara- 
tions mentioned.  In  the  former  case,  at  stated  inter- 
vals, a  small  loop  of  the  liquid  is  transferred  to  bouil- 
lon, while  in  the  latter  case  the  slip  or  thread  is  first 
rinsed  in  sterile  water  and  then  placed  in  the  bouillon. 

The  Serum  Agglutination  Test. — The  serum  of  an  ani- 
mal which  has  been  immunized  to  a  germ  when  brought 
into  contact  with  a  suspension  of  that  germ  will  cause 
the  organisms  to  gather  in  masses.  This  fact  is  utilized 
in  the  Widal  test  for  typhoid  fever.  A  drop  of  the  se- 
rum from  a  typhoid  patient  is  diluted  with  ten,  twenty, 
thirty,  fifty,  one  hundred  drops  respectively  of  water  in 
a  watch-glass.  A  drop  of  each  mixture  is  then  trans- 
ferred to  a  cover-glass  and  inoculated  with  a  very  small 
amount  of  a  fresh  agar  culture  of  the  typhoid  bacillus, 
care  being  taken  to  avoid  an  excess  of  the  organisms. 
Hanging  drops  are  then  made  and  the  preparations  ex- 
amined under  the  microscope.  The  limit  of  the  reaction 
is  indicated  by  the  dilution  which  is  just  able  to  cause 
para-lysis  of  rnotion  and  clumping  in  one  hour.  Instead 
of  diluting  with  water  some  prefer  to  use  a  very  young 
bouillon  culture.  The  agglutination  test  is  most  deli- 
cate when  carried  out  under  the  microscope.  Very  good 
results,  visible  to  the  unaided  eye,  may  be  obtained  by 
adding  the  serum  to  bouillon  culture  of  the  organism. 
The  tubes  thus  treated  should  be  set  aside  for  some 
hours  at  37°  C.  when  the  agglutinated  masses  will  settle 
to  the  bottom  and  leave  the  liquid  clear.  AVhen  apply- 
ing the  test  to  a  suspected  case  of  typhoid  fever  it  is  not 
always  possible  to  obtain  large  amounts  of  the  serum. 
In  such  instances  the  blood  may  be  placed  in  single 
drops  on  a  sheet  of  filter  paper,  or,  better,  tinfoil.  The 
dilutions  can  then  be  made  with  these  drops  of  dried 
blood  as  with  the  serum  itself.  The  apphcation  of  this 
test  to  the  recognition  of  the  typhoid  bacillus  in  drink- 
ing-water, faeces,  etc.,  has  been  given. 

Preparation  of  the  Soluble.  Bacterial  Toxins^. — Solu- 
ble or  extracellular  toxins  are  produced  by  a  number  of 
pathogenic  bacteria  {B.  diphtheria;,  B.  tetani,  B.  botulini, 
etc.)   when  grown  upon  proper  culture  media,  under 


meyer  flasks,  to  allow  free  access  of  air.. 

After  inoculation  with  B.  diphtherice, 
the  flasks  are  incubated  between  35°  and  36°  C.  The 
greatest  concentration  of  toxin  is  present  between 
the  fifth  and  eighth  days  of  bacterial  growth.  After 
the  tenth  day,  at  incubator  temperature,  the  toxicity 
decreases  more  or  less  rapidly,  owing  to  its  labile  char- 
acter. After  one  week's  growth,  a  test  for  purity  of 
culture  is  made  by  microscopical  and  culture  methods. 
If  found  pure,  the  bacteria  are  killed  by  the  addition  of 
ten  per  cent,  of  a  five-per-cent.  solution  of  carbolic  acid. 
After  standing  for  forty-eight  hours,  the  dead  bacilli 
settle  to  the  bottom,  and  most  of  them  may  be  removed 
by  filtering  the  broth  through  ordinary  sterile  filter 
paper.  Bottles  are  filled  with  the  so-called  toxin, 
sealed,  and  stored  in  ice  chest  until  needed.  A  hj-po- 
derm  injection  of  0.01  c.c.  or  even  less  should  kill 
a  250  gm.  guinea-pig. 

The  bacillus  of  tetanus  also  produces  a  very  powerful 
poison  under  artificial  means  of  cultivation.  Since  the 
bacillus  of  tetanus  is  anaerobic  in  character,  its  cultiva- 
tion for  toxin  production  must  be  varied  from  that  of 
diphtheria  bacillus.  Park's  method  consists  in  using  a 
nutrient  beef  broth  of  slight  alkalinity,  containing  one 
per  cent,  peptone  (Witte),  0.5  per  cent,  common  salt, 
and  one  per  cent,  glucose.  The  broth  thus  prepared, 
is  placed  in  flasks  until  they  are  about  two-thirds  filled, 
then  sufficient  molten  paraffin  (melting-point  about 
45°  C.)  is  added  to  form  a  semi-solid  covering  one-half  to 
one  inch  in  thickness.  The  whole  is  sterilized  and  when 
ready  for  use  the  flask  is  sufficiently  heated  to  liquefy 
the  paraffin  layer.  A  shake  culture  of  B.  tetani  in 
agar  is  dropped  in  the  warm  medium.  The  heated 
broth  will  cause  the  agar  to  dissolve  and  liberate  the 
organisms  and  spores.  AN'hen  cool  the  paraffin  hardens 
over  the  broth  and  seals  it  off  from  the  air,  thus  produc- 
ing anaerobic  conditions.  The  agar  shake  culture  is 
best  removed  from  the  test  tube  bj"-  quickly  heating 
until  the  agar  about  the  wall  dissolves ;  then  it  may  be 
poured  into  a  flask.  Precaution  should  be  exercised  to 
prevent  outside  contaminations.  Allow  the  culture  to 
grow  at  a  temperature  of  37°  C.  for  five  to  six  days. 
After  the  necessary  tests  for  bacterial  purity  are  made, 
the  living  organisms  and  spores  are  removed  by  first 
filtering  through  paper  pulp  (funnel  and  suction),  then 
through  ;i  Berkefeld  filter.  To  the  filtered  toxin  0.5 
per  cent,  carbolic  acid  is  added ;  flasks  are  then  com- 
pletely filled,  sealed,  and  kept  in  a  cool  dark  place.  The 
strength  of  this  to.^in  is  quite  variable,  much  depend- 
ing upon  the  conditions  of  preparation.  According  to 
Park,  under  best  conditions,  the  amount  of  toxin  pro- 
duced in  cultures  on  the  fifth  day  may  be  such  that 
0.000005  c.c.  is  a  fatal  dose  for  a  15-gm.  mouse. 
Tetanus  to.xins  as  prepared  by  the  above  method  may 
show  such  a  degree  of  toxicity  that  0.001  to  0.0001  c.c. 
will  cause  death  within  four  davs  to  a  guinea-pig  weigh-, 
ing  from  300  to  350  gm. 
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These  two  toxins  indirectly  have  an  important  bear- 
ing upon  practical  medicine.  They  are  used  to  im- 
munize horses  in  the  preparation  of  specific  antitoxins. 
The  other  soluble  bacterial  toxins  may  be  prepared  in 
a  similar  manner,  but  the  composition  of  media  and 
conditions  must  be  altered  to  meet  the  special  require- 
ments of  the  organism  under  cultivation. 

Methods  of  Immunization. — Only  the  general  princi- 
ples of  active  immunization  can  be  considered.     The 
injections  are  made  subcutaneously,  intraperitoneally, 
find  intravenously.     When  immunizing  a  horse  for  the 
production  of  antitoxin  serum,  the  injection  of  toxin 
.should   always    be  made   subcutaneously.     Experience 
has  proved  that  the  antitoxin  is  formed  much  more 
rapidly,  and  reaches  a  higher  concentration  in  the  blood 
under  such  procedure.     The  primary  dose  of  to.^;in  for 
a  normal  animal  must  be  very  small.     An  initial  dose 
of    0.01    c.c.    of    diphtheria    toxin    has    proved    fatal 
to    a   horse.      Therefore,  in    immunizing    a   previously 
untreated    horse,    it    is    necessary   to    begin    the    in- 
jections of  diphtheria  toxin  (also  tetanus  toxiii)  with 
a  dose   under   one-hundredth   of   a   cubic   centimetre, 
to  keep  within   bounds   of   safety.     A  repeated  injec- 
tion   of  toxin   should  not   be  given  until  the  animal 
has  practically  recovered  from  the  reactionary  symp- 
toms of  the  previous  dose.     In  the  routine  immuniza- 
tion of  horses  against  diphtheria  Park  recommends  that 
the  initial  dose  be  about  20  c.c.  of  fairly  strong  toxin ; 
the  second  and  third  doses  are  slighly  increased.     But 
with  each  of  these  injections  about  10,000  units  of  the 
antitoxin  is  given.     In  this  way  the  animal  is  protected 
until  it  has  an  opportuiuty  to  elaborate  its  own  anti- 
bodies, then  the  injections  of  antitoxin  may  be  discon- 
tinued.    This   procedure   aids   in   bringing   an   animal 
-without  danger  up  to  a  high  degree  of  immunity  in  a 
relatively  short  time,  as  compared  w  ith  the  older  method. 
In  either  case,  after  a  few  months'  treatment,  a  horse 
may  withstand  several  hundred  cubic    centimetres  of 
highly  potent  toxin,  at  a  single  injection,  without  seri- 
ous results.     When  a  soluble  poison  is  injected,  a  true 
antitoxin  develops  in  the  animal  and  is  present  in  the 
blood  and  hence  in  the  serum.     This  is  the  case  in  diph- 
theria, tetanus,  and  venom  immunity.     On  the  other 
:hand,  when  the  solid  cell  is  injected,  the  serum  may  ac- 
•quire   anti-infectious   properties,   the   best   instance   of 
which  is  seen  in  the  anti-pest  serum.     The  organisms 
may  be  killed  by  exposing  them  to  the  action  of  ether, 
■of  chloroform,  or  of  moist  heat  at  60°  C.     In  special 
cases  the  attenuated  living  germ  is  used,  and  at  tinies 
«ven-tbe  most  virulent  form  is  employed.     By  the  in- 
jection of  cells  other  than  bacteria,   diverse  cytolytic 
.sera  are  obtained.     Thus  the  injection  of  the  red  blood 
cells  gives  rise  to  a  hsemolytic  serum.     The  temperature 
and  the  weight  of  the  animal  must  be  taken  daily,  since 
they  afford  the  best  indication  of  the  condition  of  the 
.animal. 

Testing  the  Strength  of  Antitoxin.— The  strength  of  an 
■antitoxin  is  expressed  in  immunity  units.  A  unit  repre- 
sents that  amount  of  serum  which  will  be  just  sufficient  to 
protect  a  250-gm.  guinea-pig  against  100  minimum  fatal 
doses  of  the  diphtheria  toxin.  Thus  if  0.1  c.c.  of  serum 
protects  against  this  dose  of  poison,  then  it  will  contain 
1  immunity  unit,  and  1  c.c.  of  such  serum  will  contain 
10  immunity  units.  It  is  possible  to  prepare  diphtheria 
antitoxin  of  such  strength  that  1  c.c.  will  contain  more 
than  1,000  immunity  units.  Usually,  however,  the  se- 
rum as  marketed  contains  about  200  immunity  units 
per  cubic  centimetre. 

Gibson,  working  under  the  directions  of  Park,  suc- 
ceeded in  preparing  a  concentrated  preparation  of  diph- 
theria antitoxin  by  precipitating  the  globuhns  from  an- 
titoxic serum  by  the  addition  of  certain  salts  The 
globulin  precipitate  which  contains  the  antibodies  is 
purified  by  redissolving  and  precipitating  several  times. 
The  salts  are  finally  removed  by  dialysis.  By  this 
method  a  preparation  may  be  obtained  which  contains 
1,500  to  1,800  units  per  cubic  centimetre.  These  so- 
called  antidiphtheritic  globulins  or  concentrated  anti- 


toxins  are   now   prepared   by   different   serum   hibora- 
tories. 

The  first  essential  is  to  ascertain  the  minimum  fatal 
dose  of  the  toxin,  by  which  is  meant  the  amount  of 
toxin  which  will  kill  a  2.50-gm.  guinea-pig  on  the  fourth 
or  at  most  on  the  fifth  day.  The  toxin  itself  as  de- 
scribed is  a  bouillon  culture  of  the  diphtheria  bacillus, 
which  has  been  rendered  sterile  by  the  addition  of  a 
small  amount  of  carbolic  acid. 

Varying  amounts'of  the  serum  are  then  added  to  por- 
tions of  the  toxin  representing  one  hundred  minimum 
fatal  doses.  These  mi.xtures  are  then  injected  into 
guinea-pigs  of  the  weiglit  given.  That  fraction  of  a 
cubic  centimetre  of  the  serum  which  just  .suffices  to  save 
a  guinea-pig  under  these  conditions  represents,  as  stated 
above,  one  immunity  unit. 

This  method  is  subject  to  some  error,  inasmuch  as  it 
has  been  found  that  a  serum  which  has  been  tested 
against  one  toxin  will  show  a  different  value  when  tested 
against  another.  This  is  due  to  the  fact  that  the  toxin 
undergoes  changes  on  keeping,  and  is  converted  into  a 
non-poisonous  body  or  toxoid,  which,  however,  retains 
the  power  of  combining  with  the  antitoxin.  For  this 
reason  Ehrlich  proposed  a  new  method  of  testing  the 
antitoxic  value  of  a  serum.  A  standard  dried  antitoxin 
is  made  the  basis  of  the  measurement.  This  is  diluted 
so  that  a  given  amount  just  represents  one  immunity 
unit.  The  test  dose  of  toxin  is  then  ascertained  and 
represents  the  amount  of  toxin  which,  mixed  with  one. 
immunity  unit  of  serum,  will  cause  death  on  about  the 
fourth  day.  The  serum  to  be  tested  is  then  diluted, 
mixed  with  the  test  dose  of  the  toxin,  and  injected  into; 
a  guinea-pig.  If  the  animal  dies  in  a  day  or  two  it  is 
evident  that  the  serum  contains  less  than  one  immunity 
unit.  If,  on  the  other  hand,  it  fives  for  seven  or  eight 
days,  or  even  recovers,  it  shows  that  the  amount  of  se- 
rum taken  contains  more  than  one  unit.  By  using  suit- 
able dilutions  of  the  serum,  eventually  the  point  will  be 
reached  where  the  amount  taken  will  represent  exactly 
one  unit. 

Opsonic  Technique. — The  fact  that  certain  ceUs  of 
the  body  will  take  up  and  destroy  microorganisms  has 
been  known  for  years.  The  phagocytic  theory  of  im- 
munity is  based  upon  this  phenomenon.  Denys  and 
Leclef  were  the  first  to  demonstrate  the  presence  of  a 
substance  in  immune  serum  which  made  the  corre- 
sponding organism  sensitive  to  phagocytosis.  They 
showed  that  this  substance  acted  upon  the  organism 
and  not  on  the  leucocytes.  More  recently  A^'right  and 
Douglas  have  called  attention  to  the  fact  that  such  sen- 
sitizing substances  are  present  in  fairly  constant  amounts 
in  the  normal  blood.  This  substance,  which  they  call 
opsonin,  exists  in  much  lesser  amounts  or  widely  fluct- 
uating amounts  in  the  blood  of  a  patient  suffering  from 
specific  bacterial  infection.  The  opsonic  content  may 
be  increased  by  properly  vaccinating  with  killed  cult- 
ures of  the  specific  organism.  Bacterial  vaccines  are 
now  coming  to  play  an  important  role  in  the  newer 
therapeutics.  It  is  obvious  that  such  means  of  treat- 
ment must  be  carefully  controlled,  or,  instead  of  being 
of  material  aid  to  the  body,  they  become  a,  damaging 
factor.  Therefore,  in  order  to  follow  opsonic  treatment, 
a  means  must  be  found  by  which  a  fairly  accurate  meas- 
urement can  be  made  of  the  opsonins  in  normal  bloods 
and  in  the  bloods  of  patients  suffering  from  any  bac- 
terial infection.  Wright  and  Douglas  have  practically 
overcome  this  difficulty  by  a  technical  method  by  which 
they  derive  the  so-called  "  opsonic  index."  This  "  in- 
dex "  simply  shows  the  relation  existing  between  the 
opsonic  content  of  a  patient's  blood  as  compared  with 
the  opsonic  content  of  the  blood  of  a  normal  person. 

The  general  method  used  in  deriving  the  opsonic  in- 
dex calls  for  the  following  materials:  Blood  serum  from 
patient ;  control  serum  from  normal  person ;  normal 
washed  corpuscles,  and  the  bacterial  emulsion. 

The  same  technique  is  used  in  preparing  serum  from 
both  the  patient's  and  normal  blood.  A  puncture  is 
made  in  the  lobe  of  the  ear  or  one  of  the  fingers  with  a 
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needle,  and  pressure  is  used  to  cause  the  blood  to  flow. 
^Vhen  the  blood  begins  to  exude,  eight  or  ten  drops  are 
drawn  up  into  a  pipette,  and  at  once  transferred  to  a 
small  test  tube,  about  one-quarter  inch  in  diameter  and 
two  inches  in  length.  The  blood  is  allowed  to  clot,  thus 
permitting  the  serum  to  separate. 

To  secure  the  leucocytes,  the  blood  is  drawn  from  the 
patient  directly  into  a  small  test  tube  containing  about 
5  c.c.  of  a  one-and-one-half  per  cent,  solution  of  sodium 
citrate.  This  solution  prevents  the  blood  from  clotting. 
One  cubic  centimetre  of  blood  will  furnish  a  sufficient 
number  of  leucocytes  for  the  test.  The  corpuscles  are 
centrifuged  until  the  solution  above  the  packed  cells 
appears  transparent.  Carefully  remove  the  solution 
with  a  capillary  pipette,  then  add  about  10  c.c.  of  physio- 
logical salt  solution,  and  shake  well  to  wash  the  cells.  Cen- 
trifuge again  to  throw  down  the  corpuscles,  and  remove 
the  salt  solution  with  capillary  pipette.  Be  careful  not 
to  disturb  the  superficial  creamy  layer  of  blood  cells,  as 
this  layer  contains  the  greater  share  of  the  leucocytes. 
When  the  fluid  has  been  removed,  take  up  the  leucocyte 
layer  of  cells  carefully  with  a  capillary  pipette,  and  re- 
serve the  thick  emulsion  for  the  test.  Blood  which 
shows  any  clotting  must  be  rejected. 

The  bacterial  emulsion  should  be  a  uniform  suspen- 
sion, but  it  is  very  diflicult  to  avoid  some  clumping  of 
organisms.  Different  organisms  vary  in  this  respect. 
Tubercle  bacilli  are  extremely  hard  to  get  into  a  uni- 
form suspension.  To  prepare  an  emulsion  of  such  or- 
ganisms as  staphylococci,  strpptococci,  pneumococci, 
and  such  bacilli  as  typhoid  and  colon,  cultures  are  grown 
on  the  most  favorable  agar  medium,  and  used  fresh, 
i.e.,  not  older  than  twenty-four  hours.  Remove  a  por- 
tion of  the  culture  with  a  medium-sized  platinum  wire, 
and  transfer  to  a  small  test  tube  containing  3  or  4  c.c. 
of  physiological  salt  solution.  With  the  wire,  carefully 
rub  the  mass  of  organisms  against  the  wall  at  the  sur- 
face of  the  salt  solution  until  a  turbid  suspension  re- 
sults. Centrifuge  until  the  larger  particles  of  bacteria 
are  thrown  down,  but  discontinue  before  the  finer  sus- 
pension is  sedimented.  Experience  will  indicate  the 
proper  degree  of  turbidity  which  is  desirable.  Wright 
recommends  that  the  bacterial  suspension  be  such  that 
four  to  five  cocci  are  found  for  each  cell  in  the  final 
mixture. 

For  emulsion  of  tubercle  bacilli  some  workers  culti- 
vate the  organism  on  glycerin  agar  and  kill  the  organ- 
isms by  exposure  to  direct  sunlight  for  twenty-four 
hours,  or  by  other  means.  Some  of  the  growth'is  re- 
moved from  the  culture  tube,  and  placed  in  a  small 
agate  mortar,  where  it  is  thoroughly  rubbed  up  with 
1.5  per  cent,  salt  solution.  The  resulting  suspension  is 
centrifuged  to  remove  clumps.  Other  workers  prepare 
their  emulsion  of  tubercle  baciUi  from  dried  and  ground- 
up  bacilh.  In  preparing  the  emulsion,  the  procedure  is 
the  same  as  the  above.  In  each  case  when  the  emulsion  is 
finished,  remove  upper  portion  from  the  centrifuge  tube 
with  a  pipette,  and  reserve  for  use.  Wright  states  that 
the  tubercle  emulsion  should  be  of  such  thickness  that 
one  or  two  organisms  are  found  to  each  cell  in  the 
final  smear. 

Now  having  prepared  the  necessary  materials  for  the 
work,  the  next  step  is  to  measure  out  the  blood  cells 
serum,  and  bacterial  emulsion  for  mixtures.  Best  for 
this  purpose  is  a  pipette  made  by  taking  glass  tubing 
with  about  5  mm.  internal  diameter  and  about  15 
cm.  in  length.  Draw-  out  in  flame  in  the  same  manner 
as  described  under  Pasteur  pipettes  (Fig.  5096  6)  with 
the  exception  that  no  end  constriction  is  made  '  The 
capillary  portion  of  each  should  be  about  12-15  cm 
long  and  about  1  mm.  in  diameter.  A  rubber  nipple' 
.such  as  is  used  on  an  ordinary  medicine  dropper,  is 
slipped  over  the  large  end.  The  capillary  end  is  cut  off 
squarely  and  a  mark  is  made  with  a  glass  marking  pen- 
cil about  3-4  cm.  from  the  end.  By  meansof  the  nipple 
fluid  can  easily  be  drawn  up  into  the  capillary  tube 
■  mixture  IS  made  by  drawing  up  the  heavy  suspen- 
.sion  of  blood  corpuscles  (containing  leucocytes)  to  the 
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pencil  mark ;  a  little  air  is  drawn  in  by  raising  the  blood 
column,  then  draw  in  an  equal  volume  of  serum  by  fill- 
ing up  to  the  pencil  mark ;   again  allow  an  air  bubble  ta 
enter;  then  finally  draw  in  an  equal  volume  of  the  bac- 
terial suspension.     In  this  way  the  different  suspensions^ 
can  be  equally  and  accurately  measured.     The  whole  con- 
tent is  blown  out  of  the  pipette  on  a  clean,  hollow-ground 
slide,  where  it  is  thoroughly  mixed  by  drawing  up  and 
ejecting  from  the  pipette  several  times.     Finally,  the 
whole  mixture  kept  free  from  air  bubbles  is  drawn  up 
into  the  pipette  and  the  capillary  end  is  sealed  off  in  a 
flame.     Place  the  pipette  containing  the  mixture  in  an 
incubator  at  37°  C.  for  fifteen  minutes  to  permit  phago- 
cytic action  to  take  place.     After  removing  from  the  in- 
cubator the  sealed  tip  of  the  pipette  is  broken  off,  and  the- 
suspension  is  well  mixed  on  a  clean  hollow-ground  slide. 
Drops  of  moderate  size  are  placed  upon  each  of  a  num- 
ber of  clean  slides.     Spread  each  drop  by  means  of  the 
end  of  a  second  slide,  as  is  done  in  ordinary  blood  work. 
Allow  the  smear  to  air-dry  completely,  then  stain  with 
aqueous  methylene-blue  solution,  or  with  a  polychrome 
dye  such  as  the  Wright   or   Leishman  stain.     In  the 
case  of  tubercle  bacilli  the  films  are  fixed  in  saturated 
aqueous    solution    of    mercuric    chloride    ten    minutes- 
AVash  in  water,  stain  with  Czaplewsky's  carbol-fuchsin 
solution,  and  again  wash  in  water.     Decolorize  in  two- 
per-cent.  sulphuric  acid,  wash  well,  and  counter-stain 
one  minute  with  one-per-cent.  aqueous  solution  methyl- 
ene blue.     Dry  the  stained  preparations  and  examine 
under   high-power  objective.     The   bacillary    index  is 
found  by  taking  the  total  number  of  bacteria  counted 
in  a  series,  and  dividing  it  by  the  number  of  leucocytes 
making  up  the  series.     Fifty  or  more  leucocytes  should 
make  a  series.     The  opsonic  index  is  derived  by  divid- 
ing the  value  (bacillary  index)  of  the  patient's  serum  by 
the  value  found  for  the  normal  serum  used  as  controL 
It  is  an  advantage  to  collect  the  normal  serum  from 
three  or  four  healthy  persons  and  mix  all  together.   This 
gives  more  reliable  results  in  finding  the  opsonic  value 
for  the  normal  condition. 

In  making  counts  for  the  opsonic  index,  the  personal 
equation  is  frequently  pronounced,  but  by  continued 
experience  this  factor  may  become  lessened  and  fairly 
constant.  It  also  must  be  noted  that  marked  discrep- 
ancies exist  between  results  of  experienced  workers 
when  estimating  the  opsonic  index  of  the  same  sample 
of  serum.  Simon  recommends  that  the  percentage  of 
phagocyting  leucocytes  be  estimated  in  connection  with 
the  bacillary  index.  He  states  that  this  will  act  as  a 
check  upon  the  bacillary  index,  and  will  reveal  errors  in 
counting.  A  close  correspondence  exists  between  the 
bacillary  index  (Wright)  and  the  percentage  index  of 
Simon. 

Examination  of  Air.— The  bacteria  which  chance  to 
be  present  m  the  air  are  in  a  dried  condition,  and  tend  to 
settle  when  the  motion  of  the  air  is  less- 
ened. The  simplest  method  consists  in 
exposing  a  plate  of  gelatin  or  agar  to  the 
air  for  a  given  length  of  time.  Some  of 
the  organisms  settle  on  the  gelatin  and 
eventually  give  rise  to  colonies.  Koch  im- 
pro\ed  slightly  upon  this  by  placing  the 
gelatin  plate  in  the  bottom,  of  a  sterile 
cylinder  of  known  volume.  After  open- 
ing the  cylinder  in  a  given  locality  it  is 
closed  with  a  cotton  plug  and  set  aside, 
when  the  organisms  contained  in  that 
volume  of  confined  air  settle  to  the  bottom- 
on  the  surface  of  the  plate.  The  results, 
it  will  be  seen,  are  crudely  quantitative 
(Fig.  5122). 

Hesse's  method  consists  in  drawing  the 
air  through    a  large   Esmarch    roll    tube 

~   -o    '•      The  volume    of   the  air  drawn  through 

can  be  deternimed  from  that  of  the  aspirating  bottles. 
The  bacteria  in  the  air  impinge  upon  the  gelatin  sur- 
face, where  they  develop  into  colonies  which  can  be 
counted  and  studied. 


Fig.  5133.- 
Koch's  Cylin- 
der lor  Air 
Analysis. 

(Fig.  5123). 
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The  apparatus  of  Petri,  although  very  expensive,  may 
Jbe  said  to  give  the  best  results.  It  consists  in  the  first 
place  of  an  air  pump,  which  automatically  registers  the 
movements  of  the  piston,  and  thus  gives  the  volume  of 
the  air  which  has  been  drawn  through.  The  air  is  as- 
pirated through  a  tube  (Fig.  5124)  containing  several 


Fig.  5123.— Hesse's  Apparatus  for  Air  Analysis. 

layers  of  sterile  sand.  The  suspended  bacteria  are  thus 
lield  back.  At  the  close  of  the  operation  the  sand  is 
transferred  to  a  Petri  plate,  where  the  bacteria  will  form 
colonies  and  thus  become  accessible  for  study. 

Instead  of  sand,  Sedgwick  and  Tucker  employed  a 
filter  of  sugar.  The  special  tube  employed  by  them  is 
.shown,  in  Pig.  5125.  After  the  air  has  been  drawn 
through,  the  sugar  is  tapped  down  into  the  wide  portion 
■of  the  tube,  then  gelatin  is  added  and  warmed  until  the 
^ugar  dissolves,  after  which  an  Esmarch  roll  culture  is 
.made  in  the  same  tube. 

Other  workers  have  filtered  the  air  through  liquid 
media  or  through  gelatin.  The  most  convenient  form 
•of  apparatus  of  this  kind  is  that  of  Wurtz,  shown  in 
Pig.  5126.  A  suitable  amount  of  gelatin  is  placed  in 
the  sterile  tube,  then  a  known  volume  of  air  is  drawn 
through,  after  which  the  gelatin  is  soHdified  over  -the 
inner  wall  of  the  tube,  thus  forming  a  roll  culture. 

Examination  of  Soil. — By  means  of  a  small  sterile 
platinum  spoon  a  definite  volume  of  the  soil  may  be 
transferred  to  a  Petri  plate,  where  it 
is  thoroughly  mixed  with  the  medi- 
um.   The  colonies  which  develop  ca-n 
then  be  examined.     In  this  way  it 
is  possible  at  times  to  demonstrate 
the  presence  of  the  anthrax  bacillus 
in  the  soil  of   an   infected  locality. 
The  detection  of  other  pathogenic 
bacteria,  as  for  instance  those  of  tet- 
anus   and   malignant    oedema,    can 
best   be  made  by   introducing   a  quantity  of  the  soil 
under  the  skin  of  a  guinea-pig  or  rabbit. 

Examination  of  Water. — This  is  a  very  important  pro- 
cedure, and  an  enormous  amount  of  work  has  been  done 
to  perfect  the  methods  of  work.     The  method  followed 


will  nece.ssarily  depend  upon  the  immediate  object  in 
view.  Thus  the  detection  of  the  cholera  vibrio  is  car- 
ried out  in  a  different  way  from  that  used  for  the  colon 
bacillus.  The  isolation  of  the  cholera  and  typhoid  or- 
ganisms from  water  has  already  been  described. 

The  water  which  is  to  be  tested  baoteriologically  must 
be  received  into  a  sterile  glass-stoppered  bottle,   and 
should  be  examined  at  once.     The  first  step  in  the  ex- 
amination is  to  make  gelatin 
plates. '   By  means  of  a  sterile 
pipette  1  c.c.  of  water  is  added  j 

to  a  tube  of  gelatin,  mixed 
thoroughly,  and  the  gelatin  is 
tlien  poured  out  into  a  Petri 
plate.  In  the  same  way 
plates  are  made  with  0.5  c.c. 
and  with  one  drop  of  the  water. 
The  gelatin  plates  are  de- 
veloped at  20°  C.  for  several 
days.  The  colonies  are  then 
counted  and  examined  in  the 
usual  way.  When  only  a  few 
colonies  are  present  on  a  plate 
they  can  be  readily  counted 
with  the  eye.  When  the 
number  is  large  special  coun- 
ters are  made  use  of.  That 
of  Wolffhugel  (Fig.  5127)  is 
ruled  in  squares  of  1  cm.  and 
fractions  thereof.  Another 
form  is  that  of  Lafar.  A 
very  useful  and  cheap  substi- 
tute is  made  by  printing  the 
divided  circle  on  card  paper. 
To  make  a  count,  the  number 
of  colonies  in  ten  or  more 
squares  is  ascertained,  and  the 
average  per  square  centimetre 
is  obtained.  The  area  of  the 
gelatin  on  the  plate  is  taken 
and  then  the  total  number  of 
colonies  on  the  plate  deter- 
mined, and  the  result  is  ex- 
pressed per  cubic  centimetre 
of  water. 

Instead  of  using  Petri  plates, 
the  Esmarch  roll  tube  can  be 
made.  To  count  the  colonies 
in  such  a  tube  Esmarch  de- 
vised the  counter  shown  in 
Fig.  5128. 

When  the  number  of  col- 
onies is  likely  to  be  extremely   fig.  5134.— Petri's  Sand  Filter 
large,     as     in     the    examina-  '"''  •*'''  Analysis.  . 

tion  of  polluted   water,   it   is 

advisable  to  dilute  a  portion  of  the  sample  with  a  known 
volume  of  sterile  water.  If  the  colonies  are  very  nu- 
merous on  a  plate,  the  counting  can  be  carried  out  best 
\mder  a  microscope.  Ehrlich  stops  are  placed  in  the 
eye-piece  or  the  special  Ehrlich  ocular  may  be  used. 
The  size  of  the  opening  in  the  ocular  must  be  determined 
by  means  of  a  stage  micrometer.  The  average  num- 
ber of  colonies  for  a  given-sized  opening  is  determined, 


e  da 

Fig.  5125. -Sedgwick  and  Tucker's  Aerobioscope. 


and  from  this  the  total  number  on  the  plate  is  calculated. 
The  above  method  of  examination  gives  approxi- 
mately the  number  of  bacteria  which  are  present  in  a 
water,  and  to  some  extent  information  as  to  the  kind  of 
bacteria.     It  is  of  great  value,  therefore,  in  controlling 


447 


Baden-Baden. 
Bagn^res-de-BIgorre. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


the  work  done  by  the  water  filters.  In  order  to  ascer- 
tain the  presence  of  pathogenic  and  other  bacteria  spe- 
cial methods  must  be  resorted 
to.  The  method  which  has  been 
employed  during  the  past  fifteen 
years  in  the  Hygienic  Laboratory 
of  the  University '  of  Michigan 
consists  in  planting  a  cubic 
centimetre  and  a  drop  of  the 
water  in  tubes  of  bouillon,  which 
are  then  incubated  at  39°  C.  If 
no  growth  forms,  as  often  is  the 
case,  pathogenic  bacteria  may 
be  said  to  be  excluded.  When 
a  growth  does  form,  a  portion 
(1  c.c.)  is  injected  into  a  guinea- 
pig.  In  case  the  animal  dies  the 
heart  blood  is  examined  for  the 
kind  of  organism  present.  If  no 
ill  effects  follow  the  injection,  the 
water  may  be  said  to  be  free  from 
pathogenic  bacteria. 

Sewage  contamination  is  usu- 
ally indicated  by  the  presence 
of  colon  bacilli  and  of  strepto- 
cocci. The  presence  of  the  former 
is  tested  for  by  means  of  the 
Smith  fermentation  tube  (Fig. 
5129);  1  c.c.  of  the  water  is 
added  to  glucose  bouillon  in 
the  fermentation  tube,  which 
is  then  set  aside  at  37°  C.  The 
formation  of  gas  indicates  the 
probable  presence  of  the  colon 
bacillus,  while  the  non-produc- 
tion of  gas  points  to  the  absence  of  this  organism.  Fur- 
ther tests  are  necessary  for  identification. 

Litmus-lactose  agar  plates  should  be  made  directly 
from  the  water  and  also  from  the  fermentation  tube 
when  gas  production  is  present.  The  formation  of  red 
colonies  is  indicative  of  the  colon  bacillus,  since  this 


Fig.  5126.— Wurtz's  Ap. 
paratus  for  Air  An- 
alysis. 


FIG.  5127.-Wolffhflgel's  Colony  Counter. 

organism  ferments  lactose,  whereas  typhoid-Uke  bac- 
teria do  not.  For  the  same  purpose  lactose  bouillon  is 
sometimes  employed  in  the  fermentation  tube 


FIG.  5128.-Counter  for  Esmarch's  Roll-Tube  Cultures. 


Another  procedure  is  to  plant  the  water  in  carbolic 
bouillon  or  in  Panetti's  solution,  in  order  to  eliminate 
many  of  the  more  common  bacteria. 
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Neutral  red  bouillon  and  agar  are  also  used  for  culti- 
vating the  suspected  colon  bacillus.  The  water  may  be 
planted  direct,  or  the  red  colonies  which  form  on  the 


Fig.  512P.— Smith's  Fermentation  Tube. 

plate  may  be  used  for  inoculation.     The  coagulation  of 
milk  and  the  production  of  the  indol  reaction  are  addi- 
tional tests  of  identification.  F.  G.  Novy. 
Revised  by  L.  W.  Famulener. 

BADEN-BADEN  AND  THE  BLACK  FOREST,  GER- 
MANY.—The  region  of  the  Black  Forest  (Schwarzwald) 
lying  to  the  east  of  the  Rhine,  between  Karlsruhe  and 
Basel  (Switzerland),  is  a  thickly  wooded  mountain  range 
of  great  beauty  and  picturesqueness,  containing  many 
climatic  and  mineral-water  health  resorts.  The  most  of 
these  resorts  have  only  a  summer  season  extending  from 
about  the  middle  of  May  to  the  end  of  September ;  but 
the  open-air  cures  for  pulmonary  tuberculosis  remain 
open  the  whole  year,  and  the  winter  season  is  just  as 
efficacious  in  the  treatment  of  this  disease  as  are  the 
milder  seasons  of  the  year.  The  climate  in  general  Is 
that  of  Central  Europe,  with  the  addition  of  the  peculiar 
influence  of  the  mountains  and  the  thick  fir  forests.  The 
elevations  of  the  climatic  resorts  are  from  one  to  two 
thousand  feet.  In  this  country  comparable  resorts  are 
such  places  as  Rutland,  Mass.,  Saranac  in  the  Adlron- 
dacks,  and  Liberty,  N.  Y. 

Baden-Baden  (650  feet)  lies  at  the  entrance  of  the  Black 
Forest  from  the  north,  six  miles  from  the  Rhine,  and 
is  beautifully  situated ;  it  is  surrounded  by  hills  thickly 
wooded  with  the  dark  fir.  It  is  one  of  the  most  popular 
spas  of  Europe,  and,  besides  its  permanent  population 
of  15,000,  it  is  visited  in  the  summer  by  about  60,000  peo- 
ple. Moreover,  the  environs  of  Baden  are  most  charm- 
ing, and  one  can  either  begin  or  end  a  tour  of  the  Black 
Forest  at  this  point. 

The  average  temperature  of  the  year  is  48.3°  P.,  and 
for  the  summer  as  follows:  May,  58.9°  F. ;  June,  60.2° 
F. ;  July,  63.9°  F.;  August,  63.3°  F.;  September,  56.6° 
F.  For  the  autumn,  47.6°  F. ;  winter,  34.3°  F.  The 
yearly  rainfall  is  quite  large.  The  surrounding  hills 
afford  shelter  from  the  cold  winds  in  winter,  but  in  mid- 
summer they  prevent  the  cool  breezes  from  mitigating  the 
heat  which,  for  some  persons,  is  too  great  for  comfort. 

The  waters  contain  sixteen  grains  of  common  salt  to 
the  pint,  at  a  temperature  of  110°  to  154°  P.     They  are 
used  for  drinking,  but  chiefly  for  bathing,  and  in  vari- 
ous forms  of  douches.     The  maladies  for  which  such 
waters  are   recommended   are  rheumatism,   gout,  lith- 
semia,  gastric  catarrh,  catarrh  of  the  bladder,  scrofula, 
chronic  metal  poisoning,  obesity,  and  chronic  catarrhal 
affections  of  the  respiratory  tract.    The  effect  of  the  waters 
when  drunk  is  diaphoretic,  diuretic,  and  laxative.     The 
bath  establishments  are  extensive  and  well  appointed, 
some  of  them  luxuriously  so,  and  include  hot-air, 
vapor,  pine,  electric,  and  mud  baths,  and  swim- 
ming pools.     There  is  also  an  inhalation  estab- 
lishment, and  a  section  for  Swedish  massage  and 
mechanical   gymnastics.     There    is  an   elaborate 
and  extensive   Conversations- Haus  with  pleasant 
grounds,   and   near   at  hand   is    a    Drink-halle, 
most  frequented  in  the  early  morning,  when  the 
waters  are  drunk  to  the  accompaniment  of  music,  the 
usual   custom  in  European  spas.     There  are  also  sev- 
eral private  sanatoria  under  competent  direction.    The 
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sanitary  condition  of  the  city  is  satisfactory,  and  tlie 
water  supply  for  domestic  purposes  comes  from  moun- 
tain wells.  Tbe  accommodations  are  abundant,  excel- 
lent, and  of  varying  price.  The  baths  are  open  all  the 
year,  although  they  are  most  frequented  during  the  sea- 
son (May  to  October).  There  are  also  milk,  herb,  and 
grape  cures.  The  situation  of  Baden  with  its  hills  af- 
fords opportunity  for  the  "Terraia-Cur."  One  can  also 
make  an  "  after-cure  "  here  after  a  course  of  more  active 
mineral  waters. 

East  of  Baden-Baden,  in  the  northeastern  part  of  the 
Black  Forest,  is  Wildbad  (1,410  feet),  a  much-frequented 
spa,  containing  indifferent  thermal  waters,  of  a  tempera- 
ture of  91.3°  to  104.5°  F.,  used  very  largely  for  bath- 
ing, although  they  are  also  used  for  drinking  and  gar- 
gling. The  town,  of  about  3,000  inhabitants,  lies  in  the 
narrow  wild  valley  of  the  Euz,  surrounded  by  hills  cov- 
ered with  pines,  and  possesses  an  agreeable  climate  and 
excellent  drinking-water.  The  mean  yearly  temperature 
is  46.5°  P.,  and  the  mean  monthly  temperatures  for  the 
season  are:  May,  53.7°  P. ;  June,  60.8°  F. ;  July,  63.1°  F. ; 
August,  63.6°  F. ;  September,  55.9°  F.  The  waters  are 
beneficial  for  the  class  of  cases  for  which  simple  hot  baths 
are  appropriate,  such  as  chronic  rheumatism,  gout, 
chronic  joint  pains,  metal  poisoning,  scrofula,  functional 
nervous  afEections,  catarrh  of  the  respiratory  organs, 
nervous  dyspepsia,  convalescence  from  acute  and  chronic 
diseases,  certain  gynscological  afEections,  and  chronic 
skin  eruptions.  The  bracing  mountain  air  found  here 
also  enhances  the  value  of  a  visit  to  this  resort.  The  ap- 
plication of  the  waters  is  chiefly  in  bathing,  and  they  are 
conducted  from  the  wells  in  a'continual  stream  at  their 
natural  temperature.  There  are  also  electric,  steam,  and 
hot-air  baths ;  massage  and  gymnastics.  There  are  sev- 
eral bath  establishments,  the  property  of  the  Government, 
two  excellent  ones,  the  Great  Bathhouse  and  the  Konig 
Karls  Bad,  and  others  for  the  poor  or  those  of  slender 
means.  There  are  a  variety  of  outdoor  amusements, 
such  as  fishing,  shooting,  and  tennis;  and,  as  in  almost 
all  these  resorts  so  largely  visited  by  English  and  Ameri- 
cans, an  English  church. 

Not  far  from  Wildbad  is  Schomberg  (2,130),  where  is 
situated  a  sanatorium  for  pulmonary  tuberculosis  con- 
ducted by  a  physician  formerly  attached  to  the  Falken- 
stein  Sanatorium,  and  in  a  similar  manner; 

St.  Blasien  (2,530  feet),  in  the  southeastern  part  of  the 
Black  Forest,  has  an  excellent  climate  and  situation, 
affording  mountain  and  forest  air,  and  is  resorted  to  both 
in  summer  and  in  winter.  There  are  pleasant  walks  among 
the  fore.sts  in  the  neighborhood,  and  the  paths  are  ar- 
ranged for  the  "Terrain-Cur."  There  is  a  well-known 
sanatorium  here,  open  the  whole  year  for  the  open-air 
treatment  of  pulmonary  tuberculosis. 

At  Nordrach  (1,470 ieet),  near  the  centre  of  the  Black 
Forest,  is  Dr.  Walther's  celebrated  "Nordrach-Colonie," 
in  a  protected  position,  looking  toward  the  south.  The 
success  of  Dr.  Walther  in  the  treatment  of  pulmonary 
tuberculosis  has  given  this  place  and  name  a  world-wide 
fame;  with  the  English,  especially,  this  sanatorium  is 
very  popular,  and  the  sanatoria,  now  so  frequently  being 
established  in  England,  follow  Dr.  Walther's  methods, 
and  sometimes  take  the  name  "  Nordrach. " 

The  climate  at  all  these  open-air  resorts  in  the  Black 
Forest  is  practically  the  same :  the  air  is  fresh  and  pure, 
fairly  dry  and  equable,  and  although  cold  in  winter 
(mean  winter  temperature,  29.6°  P.)  it  is  sunny  and  there 
is  protection  from  the  wind.  The  mountain  influence  is 
also  apparent,  and  the  thickly  wooded  character  of  the 
country  is  not  without  value. 

Badenweiler  (1,450  feet),  in  the  lower  part  of  the  Black 
Forest,  is  a  popular  summer  resort  and  spa,  and  possesses 
great  beauty  of  situation  and  an  excellent  climate,  pure 
air  with  a  moderate  humidity  of  seventy  per  cent.,  and 
an  equable,  mild  temperature.  The  mean  average  month- 
ly temperatures  are:  May,  53.8°  F. ;  June,  61.5°  F. ;  July, 
64.6°  P.;  August,  63.8°  F. ;  September,  57.4°  P.  The 
yearly  rainfall  is  about  forty  inches.  Badenweiler  is 
used  much  more  for  a  climatic  health  resort  than  for  its 
Vol.  VIII.— 29 


waters,  which  are  indifferent  thermal  (of  84°  P.).  They 
are  used  in  drinking,  in  gargling,  and  in  baths;  and 
for  various  maladies — gout,  rheumatism,  neurasthenia, 
chronic  neuralgia,  diseases  of  the  skin,  catarrh  of  the 
respiratory  passages,  dyspepsia,  dysmcnorrhoea,  etc. 
There  are  two  public  bathing  pools,  the  "beautiful  mar- 
ble bath,"  an  open  swimming  pool,  and  bath-rooms  in  a 
number  of  hotels.  The  baths  are  sometimes  artificially 
heated,  and  common  salt  is  added  to  render  them  more 
stimulating.  The  milk  and  whey  cures  can  also  be  taken 
here.  The  sanitary  conditions  of  the  town  and  the  water 
supply  are  good.  There  is  also  a  steam  disinfecting  ap- 
paratus. The  accommodations  are  good  in  hotels  and 
pensions.  In  the  vicinity  of  Badenweiler  are  various  re- 
sorts of  different  elevations  which  offer  favorable  climatic 
conditions. 

Rippoldsau  (1,856  feet)  is  situated  in  about  the  centre  of 
the  Black  Forest  near  the  Kniebis  Mountains,  in  a  thickly- 
wooded  valley,  with  typical  forest  scenery,  rocky  preci- 
pices, cascades,  and  the  ever-present  fir  trees.  The  waters 
are  gaseous  chalybeate,  containing  bicarbonate  of  iron, 
sulphate  of  sodium,  carljonate  of  calcium,  and  free  car- 
bonic acid  gas.  The  waters  are  taken  internally  in  anas- 
mia,  chlorosis,  debility,  dyspepsia,  catarrhal  conditions 
of  the  stomach  and  bowels,  etc.  Iron  baths  are  also  used 
from  two  springs  containing  a  small  amount  of  iron  and 
rich  in  carbonic  acid  gas.  Mud  baths  are  used  exten- 
sively here,  and  are  said  to  be  effective  in  chronic  rheu- 
matic swellings,  various  sexual  disturbances  such  as 
amenorrhcea,  spermatorrhoea,  and  impotence.  There  are 
also  pine-needle,  electric,  and  sand  baths,  with  massage 
and  gymnastics.  The  baths  are  heated  by  Schwarz's 
method,  which  consists  of  the  introduction  of  steam  into 
the  double  bottoms  of  the  separate  baths.  There  are  two 
well-appointed  bathhouses  containing  twenty-five  bath- 
rooms. The  yearly  average  is  about  thirty -five  hundred 
baths.  The  water  from  some  of  the  springs,  viz., 
Josef's,  Leopold's,  and  Wenzel's,  are  bottled  and  largely 
exported,  as  is  also  the  salt  (Rippoldsau  salts).  The  ac- 
commodations are  good.  The  rural  simplicity  of  the 
place  remains,  many  of  the  old-time  costumes  being  still 
worn  by  the  natives. 

There  are  numerous  other  small  spas  and  climatic  re- 
sorts in  the  Black  Forest,  all  attractively  situated  and 
affording  opportunities  for  hydro  therapeutic  treatment 
or  open-air  life  in  a  fresh  invigorating  atmosphere.  In- 
deed, a  walking,  bicycle,  or  automobile  tour  through 
this  most  picturesque  region  may  well  be  considered  a 
cure  in  itself  for  tired  nerves  and  the  mentally  over- 
worked; and  the  writer,  from  personal  experience,  can 
bear  witness  to  the  charm  and  restfulness  of  such  an 
excursion :  the  air  is  so  fresh  and  invigorating,  the  food 
so  good,  the  country  scenery  so  attractive,  and  the  sing- 
ing of  the  skylarks  so  sweet  and  seductive. 

Edward  0.  Otis. 

BAGNtRES-DE-BIGORRE.— Bagnires-de-Bigorre    is 

a  town  of  about  12,000  inhabitants,  attractively 
situated  m  the  Hautes-Pyren^es,  in  the  extreme  south- 
ern portion  of  France,  not  far  from  the  Spanish  border. 
The  town  lies  in  the  foothills  of  the  Pyr^n^es  at  an  ele- 
vation of  1,800  feet.  The  surrounding  country  is  very 
beautiful  and  affords  many  opportunities  for  pleasant 
excursions. 

The  climate  is  mild  and  bracing  without  sudden 
changes ;  the  atmosphere  is  clear  and  pure,  partaking 
more  or  less  of  the  characteristics  of  elevated  regions; 
periodic  winds  traverse  the  valley,  tempering  the  heat  of 
the  warmest  days.  The  mean  annual  average  tempera- 
ture is  46.5°  F.,  and  there  are  147  rainy  days  in  the  year. 
The  regular  season  extends  from  June  1st  to  October  1st, 
although  the  place  is  frequented  both  winter  and  summer 
by  the  residents  of  Pau — a  health  resort  in  the  vicinity — 
for  the  purpose  of  escaping  the  heat  in  summer,  and 
enjoying  the  clear,  dry,  bright,  and  sUghtly  frosty  days, 
of  winter. 

The  town  is  picturesque,  with  a  Spanish  appearance, 
clean  and  cheerful,  with  a  casino,  music,  shops,  an  Eng- 
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lish  church,  many  delightful  excursions,  and  interesting 
Roman  remains.  It  is  a  good  place  for  a  long  or  short 
stay.     The  accommodations  are  good  and  reasonable. 

There  are  three  classes  of  waters  obtained  and  used  at 
this  spa:  A.  Sulphate-of-lime  springs  with  a  trace  of 
arsenic;  B.  sulphur  waters;  C.  cold  ferruginous  waters. 
The  sulphate-of-lime  springs  are  the  characteristic  waters- 
of  the  place  and  are  of  a  temperature  varying  from  88° 
to  122°  F.  They  are  used  both  internally,  and  externally 
in  the  form  of  baths,  douches,  massage,  inhalation,  va- 
por baths,  etc.  There  are  a  large  number  of  hot  sul- 
phate-of-hme  springs;  the  Source  Salies  is  the  hottest 
and  is  without  sulphur.  The  water  in  appearance  is 
clear,  odorless,  and  of  an  insipid  taste.  The  direct 
effect  of  the  waters  when  taken  internally  is  to  stimulate 
the  appetite  and  digestion,  increase  the  excretion  of 
urine,  and  render  more  active  intestinal  and  bronchial 
secretions.  The  baths  are  sedative  and  soothing  to  the 
nervous  system;  render  the  circulation  fuller  and  more 
steg,dy,  and  the  respiration  more  easy. 

The  maladies  for  which  these  waters  are  principally 
employed  are  those  connected  with  the  nervous  system, 
such  as  hysteria,  neurasthenia,  insomnia,  cases  of 
overwork,  chorea,  neuralgia  and  anaemia,  chlorosis, 
gastrointestinal,  cutaneous,  and  arthritic  disturbances 
depending  upon  a  neurotic  cause  ;  catarrhal  conditions 
of  the  respiratory  passages;  and  uterine  troubles.  "The 
dominant  indication  at  Bagn6res-de-Bigorre, "  says  Bur- 
ney  Yeo,  "is  neurasthenia. 

The  contraindications  are  acute  febrile  affections  and 
arteriosclerosis  in  elderly  persons. 

There  are  two  bath  establishments  with  all  the  appli- 
ances for  the  various  kinds  of  baths. 

Considering  the  beauty  of  the  situation,  the  excellent 
climate,  the  charm  of  the  town,  and  the  effects  of  the 
waters,  one  could  hardly  imagine  a  more  favorable  resort 
for  a  neurasthenic,  or  one  afflicted  with  insomnia. 

Edward  0.  Otis. 

BLACKWATER  FEVER.— Si/raoni/TOs.—H^mqglobin- 
uric  malarial  fever.  Bilious  haemoglobinuric  fever. 
Malarial  hsemoglobinuria. 

Definition. — A  disease  or  form  of  disease  associated 
with  malarial  infection,  caused  possibly  by  an  invasion 
of  some  special  form  or  forms  of  malarial  parasites,  and 
characterized  by  fever,  jaundice,  and  hsemoglobinuria. 

Geographical  Distribution. — The  disease  was  first  de- 
scribed early  in  the  nineteenth  century  by  French 
naval  surgeons  stationed  at  Nossib6,  an  island  off  the 
northwest  coast  of  Madagascar.  It  is  prevalent  in  the 
flat  coast  regions  of  tropical  Africa,  especially  on  the 
Gold  Coast  and  in  the  Congo  basin,  and  is  said  to  be 
increasing  in  these  regions  of  late  years.  It  is  encoun- 
tered in  Southern  China,  in  some  districts  of  India, 
in  Siam  a,nd  the  East  Indies,  and  in  Asia  Minor.  Cases 
are  occasionally  seen  in  Greece,  Italy,  and  Spain.  The 
disease  is  not  unknown  in  the  Southern  United  States. 
It  is  not  uncommon  in  the  West  Indies;  and  on  the 
Isthmus  of  Panama  it  causes  a  considerable  number  of 
deaths  every  year.  Hsemoglobinuric  fever  is  found 
only  in  regions  where  malaria  is  exceedingly  prevalent  in 
its  severer  forms.  And  it  is  not  found  in  all  of  such  re- 
gions. For  instance,  malarial  fever  prevails  through- 
out India ;  but  only  in  certain  notorious  districts  in 
Assam,  Upper  Burmah,  and  the  Terai  is  blackwater 
fever  encountered.  In  other  regions  of  India  it  is  prac- 
tically unknown.  The  same  is  true  of  British  Guiana. 
Laveran  never  saw  blackwater  fever  in  Algeria. 

Etiology. — It  is  quite  generally  accepted  now  that 
blackwater  fever  is  a  form  of  malaria.  It  occurs  only  in 
malarial  reerions;  and  if  examination  of  the  blood  has 
been  made  in  time,  competent  observers  ha\-e  been  able 
to  demonstrate  malarial  parasites  in  nearly  every  case, 
though  their  specific  characters  were  not  always  de- 
termmed.  Thus,  in  blood  examinations  made  on  the 
day  preceding  the  hsemoglobinuric  attack,  Stephens  and 
Christophers  1  and  Mannaberg^  have  found  parasites, 
either  estivo-autumnal,  tertian,  quartan,  or  of  undeter- 


mined character,  in  95  per  cent,  of  cases.  F.  Plehn 
found  parasites  in  16  out  of  19  cases  examined  on  the 
first  day  of  the  disease,  in  2  out  of  9  cases  examined  on  the 
second  day,  and  in  none  of  6  cases  examined  after  the  sec- 
ond day.  Very  early  in  the  attack  the  disintegration  of 
the  infected  corpuscles  deprives  the  parasites  of  their 
corpuscular  hogts  and  they  perish  in  the  plasma. 

All  races  are  susceptible  to  the  disease.  Europeans 
are  most  susceptible,  negroes  least  so.  The  European 
sojourner  is  seldom  attacked  during  his  first  six  months, 
and  Crosse  states  that  a  first  attack  is  rarely  experienced 
after  three  years  of  residence.  Children  are  seldom 
attacked,  and  women  less  frequently  than  men.  After 
a  prolonged  residence  in  a  tropical  place  where  malaria 
and  blackwater  fever  are  prevalent  and  where  the 
patient  has  suffered  attacks  of  malaria  in  its  ordinary 
forms,  removal  or  return  to  a  cold  climate  often  results 
in  an  attack  of  blackwater  fever.  Bodily  exertion, 
injuries,  excesses,  and  all  weakening  influences  predis- 
pose to  attack  as  is  the  case  with  other  diseases.  Indi- 
vidual susceptibility  probably  varies.  One  attack 
predisposes  to  recurring  attacks  which  almost  in- 
variably follow  and  one  of  which  is  likely  to  be  fatal. 
Fiseh  has  seen  permanent  recovery  after  ten  or  more 
attacks  and  believes  that  after  the  fourth  attack  there 
is  a  diminishing  danger  of  fatal  result. 

The  administration  of  quinine,  even  in  small  dosage, 
has  sometimes  acted  as  the  immediate  exciting  cause  of 
the  hsemoglobinuric  symptom. 

Pathology. — The  gross  pathology  of  the  disease  is  the 
pathology  of  malaria.  The  very  extensive  and  rapid 
destruction  of  red  corpuscles  in  the  attack  is  the  dominant 
feature  of  blackwater  fever,  and  is  thus  explained  by 
Scheube:^  "In  certain  particularly  notorious  fever 
regions  a  constant  destruction  of  red  blood  corpuscles 
takes  place  under  the  influence  of  chronic  malarial  in- 
fection. In  consequence  of  the  continued  and  unusual 
demands  which  are  made  on  the  blood-forming  organs 
these  no  longer  grow,  so  that  they  partly  yield  a  prod- 
uct weakened  in  its  capacity  for  resistance.  A  new  in- 
vasion of  parasites  suffices — even  of  the  otherwise  be- 
nign tertian  parasites — with  the  virus  formed  by  them 
alone,  or  in  conjunction  with  another  poison  introduced 
in  the  system,  namely,  quinine  (exceptionally  the  latter 
alone),  to  cause  a  wholesale  destruction  of  red  blood 
corpuscles,  infected  and  non-infected,  and  thus  to  orig- 
inate blackwater  fever.  A.  Plehn  explains  that  as,  in 
this  process  of  disease,  the  least  valuable  blood  corpus- 
cles perish,  a  large  dose  of  quinine  can  be  borne  a  few 
days  later  without  exercising  a  deleterious  influence. 
In  this  enormous  destruction  of  red  blood  corpuscles 
the  danger  of  blackwater  fever  consists.  The  hfemo- 
globin  released  in  great  quantities  is  partly  taken  up  by 
the  kidneys  and  secreted  with  the  urine,  and  partly 
invades  the  circulation  of  the  portal  vein  and  becomes 
transformed  into  bihary  pigment  in  the  Uver.  The 
result  is  a  superfluous  production  of  bile.  As  the 
liver  is  unable  to  excrete  this  completely,  a  portion 
finds  its  way  through  the  lymphatic  vessels  into  the  blood, 
and  in  this  manner  icterus  is  originated  (Senator's 
cythsemolytic  icterus).  Hsemoglobinuria  and  icterus 
are,  therefore,  the  principal  features  of  blackwater 
fever." 

Examination  of  the  blood  reveals  poikilocytosis, 
with  macrocytes  and  microcytes.  Sambon  has  observed 
an  absolute_leucocytosis  in  some  cases.  Pigment  granules 
are  absent.  The  plasma  is  stained  with  hsemoglobin 
in  solution.  The  appearance  of  nucleated  red  cells  is 
a  sign  of  commencing  regeneration.  The  hsemoglobin 
falls  rapidly,  a  hjemoglobinuric  attack  frequently  caus- 
ing a  loss  of  one-third  of  the  existing  percentage,  even 
though  that  were  already  low.  I.i  a  case  of  Brem's  *  the 
hasmoglohin  fell  from  42  to  28  per  cent,  in  twenty-four 
hours,  and  continued  to  fall  till  it  reached  17  per  cent. 
The  loss  of  haemoglobin  is  apt  to  continue  for  a  day  or 
two  after  the  cessation  of  hfemoglobinuria.  Owing 
to  the  fact  that  corpuscular  destruction  takes  place 
faster  1;han  the  haemoglobin  is  eliminated  by  the  kidneys 
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or  converted  into  bile  pigment  by  the  liver,  the  color 
index  is  apt  to  be  above  normal  during  the  attack, 
though  it  falls  below  normal  later  when  blooil  regenera- 
tion has  begun. 

Post  mortem,  the  kidneys  of  a  rapidly  fatal  case  are 
found  to  be  enlarged  and  congested,  "the  tubules 
blocked  with  haemoglobin  infarcts,  the  cells  laden  with 
yellow  pigment  grains." 

Symptoms. — The  prodromes  are  identical  with  those 
of  a  malarial  attack,  viz.,  malaise,  lumbar  pain,  sense  of 
heaviness  and  apathy,  with  mild  headache  and  anorexia. 
The  actual  commencement  of  the  disease  is  usually 
with  severe  and  prolonged  rigor  and  rapid  rise  of  tem- 
perature to  104°  or  105°.  In  some  oases  the  initial  rise 
is  slight,  not  exceeding  100°.  The  attack  may  even 
run  a  nonfebrile  course.  There  is  restlessness,  with 
sense  of  oppression  and  hopelessness.  After  a  few 
hours  there  is  usually  a  transient  perspiration  with  only 
slight  remission  in  the  fever,  followed  by  a  second  and  per- 
haps even  by  a  third  rigor  and  exacerbation  within  the 
first  twenty-four  hours. 

Generally  from  the  beginning  there  is  violent  biUous 
vomiting  with  abdominal  pain  and  intense  thirst.  There 
may  be  diarrhoea,  the  stools  being  bilious  and  at  times 
tarry  from  the  extravasation  of  blood  serum  containing 
free  haemoglobin  into  the  intestine.  Sometimes  there  is 
constipation  instead  of  diarrhoea.  The  liver  is  apt  to  be 
enlarged  and  tender  to  pressure  especially  over  the  gall 
bladder.  Enlargement  of  the  spleen  is  the  rule,  though 
it  may  be  masked  by  intestinal  distention,  tympanites 
being  a  frequent  condition  in  blackwater  fever.  Jaun- 
dice appears  early,  generally  within  the  first  twenty- 
four  hours,  and  increases  rapidly.  It  is  seldom  very 
deep  in  color  and  it  usually  disappears  within  a  few  days. 
The  urine  is  almost  invariably  markedly  reduced  in 
quantity.  Very  early  in  the  attack,  sometimes  even  be- 
fore the  outbreali  of  the  fever,  the  hmmoglohinuria 
appears,  the  urine  being  thick,  opaque,  and  of  a  yellow, 
red,  or  blackish-brown  hue.  It  usually,  though  not 
always,  acid.  The  specific  gravity  is  generally  high, 
1.030  to  1.032.  The  albumin,  estimated  by  Esbach's 
method,  is  generally  from  .05  to  .2  per  cent.  Biliary 
pigment  and  bile  acid  are  often  present.  If  the  urine  be 
shaken  it,  forms  a  red  or  yellow  froth.  When  allowed  to 
stand,  a  copious  sediment  forms,  which  contains  epithe- 
lium, grains  and  flakes  of  hjemoglobin,  hsematoidin  crys- 
tals, and  haemoglobinuric  casts.  It  is  exceptional  to 
find  a  few  red  blood  corpuscles.  The  quantity  of  urine 
is  diminished  and  its  evacuation  is  frequent  and  painful. 
Occasionally  there  is  complete  anuria. 

The  attack  inevitably  produces  a  sudden  and  severe 
anaemia,  and  the  bodily  strength  is  lost  with  correspond- 
ing rapidity.  There  is  a  small  and  irregular  pulse  with 
dyspnoea,  and  hemorrhage  from  the  nose  is  common; 
from  the  gums  or  in  the  skin  hemorrhages  are  less 
common. 

In  fatal  attacks,  death  is  apt  to  occur  during  the 
second  week  of  the  disease.  It  may  be  the  direct  result 
of  cardiac  insufficiency,  of  thrombosis  or  embolism,  or 
of  the  severe  blood  dyscrasia.  From  the  inability  of  the 
kidneys  to  perform  their  function  death  sometimes  en- 
sues from  uroemia  with  all  the  usual  symptoms  of  that 
condition. 

The  albuminuria  persists  usually  for  weeks,  but  m 
favorable  cases  the  haemoglobinuria  is  transitory  and 
the  jaundice  disappears  rapidly.  Recovery  is  slow, 
with  a  gradual  regeneration  of  the  normal  blood  ele- 
ments. As  the  parasites  have  undergone  destruction 
along  with  the  corpuscles  containing  them,  a  convales- 
cent case  frequently  remains  free  from  malaria  for  a 
long  time  without  the  administration  of  quinine.  Hae- 
moglobinuric attacks  have  been  known  in  several  in- 
stances to  terminate  permanently  a  chronic  malarial 
infection. 

Diagnosis. — The  presence  of  malarial  parasites  m  the 
blood  early  in  the  disease,  and  their  absence  later,  is 
an  important  fact.  The  presence  of  parasites  m  the 
peripheral  blood  after  the  second  day  of  the  disease,  if 


the  case  be  not  seen  earlier  in  the  attack,  is  against  a 
diagnosis  of  blackwater  fc\ci  and  in  favor  of  ordinary 
bilious  remittent  malaria.  The  most  important  dif- 
ferential diagnosis  to  be  made  is  that  from  yellow  fever. 
The  discovery  of  parasites  by  an  early  blood  examination, 
and  the  enlarged  and  tendei-  liver  and  spleen  are  against 
yellow  fever.  The  sthenic  features  present  at  the  out- 
set of  yellow  fever,  the  throbbing  headache,  flushed  face, 
injected  conjunctivae,  congested  gums  tending  to  bleed 
at  a  touch,  are  absent  in  blackwater  fever.  The  points 
for  differential  diagnosis  may  be  tabulated  thus: 


Blackwater  Fever. 

Asthenic. 

Spleen  almos„  always  en- 
larged and  palpable. 

Liver  enlarged  and  pain- 
ful. 

Early  vomiting  bilious,  not 
bloody. 

No  late  vomiting. 

Jaundice  early,  and  alv/ays 
present. 

Haemoglobinuria,  not  hte- 
maturia. 

Sporadic. 

Wide  distribution. 

Attacks      old     residents 
mostly. 

Predisposes  to  further  at- 
tacks. 


Yellow  Fever. 

Sthenic. 

Spleen  not  enlarged. 

Liver  enlarged,  not  painful. 

Early    vomiting   acid    and 

mucous. 
Late  vomiting  bloody  (black 

vomit). 
Jaundice  late,   perhaps  ab- 
sent. 
Sometimes  haematuria,  but 

not  haemoglobinuria. 
Epidemic. 

Limited  distribution. 
Attacks       new       residents 

mostly. 
Produces  immunity. 


Prognosis. — This  is  always  grave.  A  mortality  as 
low  as  4  per  cent,  has  been  observed  by  O'Neill  in  Mada- 
gascar, but  the  usual  mortality  to  be  expected  is  much 
higher,  usually  from  25  to  40  or  50  per  cent.  If  a 
single  attack  followed  by  recovery  is  to  be  considered 
as  a  case  treated  and  a  large  percentage  of  recoveries 
are  returned  on  this  basis,  it  should  be  remembered  that 
if  the  patients  were  followed  through  subsequent  at- 
tacks the  individual  mortahty  would  be  found  to  be 
much  higher.  According  to  Fisch,  blackwater  fever 
has  become  more  frequent  on  the  Gold  Coast  of  late 
years,  but  the  mortality  has  fallen  from  50  to  about  20 
per  cent.  Favorable  signs  are  the  occurrence  of  only 
one  or  two  brief  febrile  paroxysms  lasting  a  few  hours, 
and  the  rapid  disappearance  of  the  jaundice  and  haemo- 
globinuria. 

Prophylaxis. — The  prophylaxis  of  blackwater  fever 
is  the  prophylaxis  of  malaria  and  has  to  do  entirely  with 
protection  of  persons  from  the  bites  of  mosquitos.  In- 
dividual prophylaxis  is  a  question  of  screening,  and 
public  prophylaxis  a  question  of  mosquito  extermina- 
tion. We  are  not  as  yet  in  possession  of  any  evidence 
that  blackwater  fever  is  due  to  any  special  form  of  para- 
site. The  use  of  quinine  as  a  prophylactic  will  be  dis- 
cussed under  treatment. 

Treatment. — A  patient  attacked  with  blackwater  fe- 
ver should  be  put  to  bed  at  once.  The  surface  of  the 
body  should  be  kept  warm,  draughts  and  chilUng  avoided, 
copious  warm  drink  given  if  retained,  and,  if  not,  copious 
hypodermoclysis  practised  with  physiological  salt  solu- 
tion. Heat  should  be  applied  to  the  loins.  As  in  other 
forms  of  malaria,  a  mercurial  cathartic,  calomel  or  blue 
mass,  may  be  advantageously  administered  at  the  out- 
set. Chloroform,  tannic  acid,  sodium  salicylate,  and 
other  drugs  have  been  credited  by  various  reporters 
with  good  effects  in  this  disease.  In  high  degrees  of 
anaemia,  oxygen  inhalations  would  be  indicated  if 
practicable.  Transfusion  of  blood  has  been  successfully 
practised.  If  there  be  suppression  of  urine  all  irritant 
diuretics  should  be  carefully  avoided.  The  drug  of  prime 
importance  in  this  as  in  other  forms  of  malaria  is,  of 
course,  quinine.  When  and  how  shall  it  be  administered? 

The  writer's  view  of  the  so-called  prophylactic  use  of 
quinine  is  as  follows:   A  very  small  daily  dosage  of  qui- 
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nine  is  often  sufficient  to  inhibit  the  symptoms  of  the 
malarial  paroxysm.  In  the  maUgnant  forms  of  malaria 
which  prevail  in  the  tropics  this  small  dosage  is  not 
sufficient  to  cure  existing  infection.  Such  use  of  qui- 
nine does  not,  of  course,  bring  about  any  sort  of  physio- 
logical immunity  to  disease.  As  a  matter  of  mihtary 
or  other  expediency,  the  efficiency  of  a  force  may  often 
be  preserved  or  enhanced  by  that  small  dosage  of  qui- 
nine which  will  inhibit  symptoms  without  producing 
inconvenient  cinchonism.  But  there  is  no  acceptable 
evidence  on  record  that  this  so-called  prophylactic  dos- 
age will  destroy  the  sporozoites  implanted  by  the  mos- 
quito or  prevent  their  further  development.  If  malarial 
infection  has  taken  place  the  patient  needs  more  thajti 
this  dosage  for  his  cure.  If  no  infection  exists  he  needs 
no  quinine  at  all. 

As  regards  the  use  of  quinine  in  the  treatment  of  black- 
water  fever,  it  should  not  be  forgotten  that  the  disease 
itself  destroys  primarily  those  red  corpuscles  whose 
resistance  is  lowered  by  the  presence  of  parasites,  and 
destroys  the  contained  parasites  along  with  them. 
There  is  thus  a  tendency  to  spontaneous  cure.  Kohl- 
stock,  F.  Plehn,  A.  Plehn,  and  many  of  the  French 
colonial  physicians  have  treated  series  of  cases  of  black- 
water  fever  without  quinine,  and  with  lower  mortality 
and  better  results  than  are  secured  in  other  series 
treated  with  quinine. 

Bastianelli's  rules  govering  the  administration  of  qui- 
nine in  blaekwater  fever  would  seem  to  be  sound.  They 
are — 

(a)  If  hsemoglobinuria  occurs  during  a  malarial  parox- 
ysm, and  parasites  are  found  in  the  blood,  quinine  should 
be  given. 

(&)  If  parasites  are  not  found,  quinine  should  not  be 
given. 

(c)  If  quinine  has  already  been  given  before  hsemo- 
globinuria  appeared,  and  no  parasites  are  found,  stop  it; 
if  parasites  are  found,  continue  it. 

When  the  administration  of  quinine  is  indicated  in 
blaekwater  fever,  it  should  be  given  intramuscularly, 
with  scrupulous  attention  to  asepsis.     Brem  recommends 
the  bihydrochloride  of  quinine,  the  solution  being  made 
in  the  strength  of  1  to  3  and  with  an  excess  of  acid. 

J.  F.  Leys 

1  Practical  Study  of  Malaria.     London,  1904. 

2  Malarial  Diseases.     Philadelphia,  1905. 

^  Diseases  of  Warm  Countries.     Philadelphia,  1905. 
*  Journal  of   the  American   Medical   Association,  1906,  xlvii., 
1896. 

BLOOD-VESSELS,   PLASTIC    SURGERY    OF    THE. 

• — The  plastic  work  upon  the  blood-vessels  has  been 
carried  out  on  entirely  different  lines  from  those  fol- 
lowed in  the  development  of  plastic  work  upon  the 
heart.  It  is  significant  that  although  the  heart  is  the 
integral  element  in  the  vascular  system,  the  operative 
work,  now  very  extensive  in  amount,  which  has  been 
carried  out  upon  this  organ,  bears  practically  no  rela- 
tion whatsoever  to  that  of  a  more  limited  character, 
and  somev/hat  more  r.ecent  date,  done  upon  the  blood- 
vessels. Indeed,  the  problems  presented  by  these  two 
distinct  portions  of  the  vascular  system  are  so  utterly 
different  that  there  is  perhaps  no  reason  why  any  cor- 
relation between  them  should  be  looked  for.  In  the 
case  of  the  heart,  the  wall  is  dense  and  thick;  hemor- 
rhage from  it  cannot  be  controlled,  except  by  direct 
measures,  and  its  position  in  the  thoracic  cavity  calls 
for  the  employment,  at  least  in  experimental  work,  of 
artificial  respiration.  The  vessels,  on  the  other  hand, 
are  tenuous  and  thin-walled ;  provisional  hsemostasis  is 
easily  maintained,  and,  as  a  rule,  the  vessels  operated 
upon  lie  in  superficial  regions.  It  is  interesting,  there- 
fore, to  note  that  for  morphological  reasons  the  plastic 
surgery  of  the  central  and  peripheral  portions  of  the 
vascular  system,  physiologically  one,  are  in  point  of 
technique  widely  separated. 

A  further  difference  is  to  be  noted  in  the  fact  that 
much  of  the  progress  in  cardiac  surgery  has  been  gained 
in  the  primary  work  done  upon  human  beings,  whereas 


the  surgery  of  the  vessels  has  been  brought  to  its  pres- 
ent state  of  relative  perfection  mainly  through  animal 
experimentation.  Because  of  the  very  unsettled  con- 
dition of  vasal  surgery,  it  is  obviously  impossible  to 
present  any  satisfactory  classification  of  the  subject. 
Matas  has  made  a  provisional  classification  of  operative 
procedures  as  follows : 

Angiorhhaphy. — A.  Suture  of  Arteries. -^AxterioT- 
rhaphy:  (1)  Lateral  (a)  with  aids,  obsolete;  (6) 
without  aids ;  avoiding  intima  or  perforating  all  coats 
(through-and-through  suture).  (2)  End-to-end  (a)  By 
suture,  direct  marginal  suture  without  invagination 
(Carrel) ;  confrontation  of  everted  intima  with  U-sut- 
ures  (Jaboulay)  for  through-and-through  interrupted 
suture  (Salomoni  et  al);  invagination  (Murphy  et 
al).  (b)  With  extravasal  "  aids,"  ivory  clamps,  de- 
calcified-bone  rings,  ivory  cyUnders,  grafted  section  of 
vein  or  artery,  rubber  sheaths,  horn  clamps,  aluminum 
rings,  magnesium  rings  (Payr).  (c)  With  endovasal 
"  aids,"  caramel  cylinders  (Carrel) ;  Glass  cylinders 
(Abbe). 

B.  Suture  of  Veins. — Phleborrhaphy :  (1)  Lateral. 
(2)  Circular,  (a)  with  suture,  (b)  with  "_  aids." 

A  glance  at  this  classification,  which  is  the  most  com- 
prehensive as  yet  advanced,  shows  at  once  the  difficul- 
ties of  classifying  a  subject  which  is  still  virtually  in  an 
experimental  stage.  While  this  is  true  of  vascular  an- 
astomotic work,  it  can  hardly  be  said  of  the  suture  of 
wounds  in  arteries  and  veins.  These  wounds,  further- 
more, are  of  frequent  occurrence  upon  the  operating.- 
table,  both  those  resulting  from  initial  traumatism  and 
those  accidentally  produced  by  the  surgeon's  knife. 
An  attempt  to  suture  such  a  wound  occurring  in  a  vessel 
and  uncomplicated  by  a  destruction  of  its  continuity 
was  the  first  natural  step  toward  a  suture  of  the  entirely 
divided  organ. 

A  general  recognition  of  the  healing  power  of  arteries 
and  veins  when  properly  united  came  verjr  slowly.  In 
1904  von  Bergmaim  made  the  following  limited  refer- 
ence to  arterial  suture:  "  When  complete  occlusion  of 
the  injured  vessel  involves  direct  danger  to  life,  .  .  . 
then  suture  of  the  arterial  wall  may  be  performed." 

Arteriorrhaphy  is  indicated  in  wounds  of  an  a.rtery, 
either  longitudinal  or  transverse,  occupying  more  than 
half  the  circumference,  and  in  cases  of  complete  section. 
Although  the  lateral  suture  was  first  practised  upon 
an  artery  in  man  in  1759  by  Hallowell,  an  English  sur- 
geon, it  remained  for  the  aseptic  era  to  develop  the  pos- 
sibilities which  were  opened  up  by  this  fortuitous  event. 
Schede  successfully  introduced  a  venous  suture  in  1882. 
Jassinowsky  in  1889  proved  conclusively  that  arterial 
wounds  might  be  sutured  with  the  preservation  of  the 
lumen  of  the  vessel.  His  conclusions  were  as  follows: 
(1)  Arterial  suture  heals  by  first  intention.  (2)  Bleed- 
ing can  be  avoided.  (3)  Hemorrhage  and  thrombosis 
need  not  be  feared.  (4)  All  clean  longitudinal  and 
oblique  and  flap  wounds  of  large  vessels,  and  transverse 
wounds  not  exceeding  one-half  the  vessel  circumference, 
should  be  sutured.     Strict  asepsis  is  necessary. 

Murphy  in  1897  came  to  the  conclusion  that :  (1)  A 
good  technique  is  necessary  for  success  in  vessel  sut- 
ure in  addition  to  the  most  thorough  asepsis.  (2)  The 
very  greatest  gentleness  should  be  practised.  (3)  The 
haemostasis  must  be  complete.  (4)  Silk  should  be  used 
and  should  not  penetrate  the  intima. 

In  1899  Dorfler  published  the  result  of  twenty  ex- 
periments, sixteen  being  cases  of  arterial  wounds  with 
twelve  successful  results,  and  four  being  sutures  of  com- 
pletely divided  arteries.  One  of  his  most  interesting 
comments  was  that  slight  pressure  would  control  the 
moderate  oozing  which  always  takes  place  from  the 
stitch-holes.  This  is  significant,  inasmuch  as  it  suggests 
a  certain  amount  of  thrombus  formation,  even  in  suc- 
cessful cases. 

Repair. — The  healing  process  of  arterial  wounds  is  as 
follows:  The  incision  fills  with  blood  and  fibrin,  there 
being  only  slight  deposits  within  the  lumen,  about  the 
suture  and  the  inner  aspect  of  the  wound.     These  de- 
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posits  are  very  early  covered  with  endothelium.  Soon 
blood-vessels  make  their  way  into  the  adventitia  and 
the  media.  They  enter  the  clot  and  organize  it.  There 
is  then  a  retrogressive  process  and  a  development  of 
fibrous  substance,  which  is  later  modified  with  elastic 
elements  which  eventually  become  quite  marked  in  the 
region  of  the  scar. 

The  technique  of  closing  arterial  wounds  is  thus  de- 
scribed by  Biokham.  It  refers  to  the  invagination 
method,  a  technique  now  discarded  in  favor  of  circular 
suture:  "  With  aseptic  precautions  [Carrel  and  others 
hold  that  asepsis  is  the  very  essence  of  success  in  all 
blood-vessel  work]  a  sheath  of  the  artery  is  exposed  and 
opened  with  minimum  injury.  The  circulation  is  con- 
trolled with  [broad-bladed  rubber-padded  forceps  or  by 
means  pf  floss  silk.  A  fully  curved  round  conjunctival 
needle  penetrates  the  adventitia  and  muscularis  down 
to  but  not  through  the  intima.  The  knots  are  inter- 
rupted and  from  1  to  2  mm.  apart.  The  sheath  is 
separately  sutured.  Longitudinal  wounds  tend  to  gape 
more  than  transverse  wounds.  If  the  vessel  be  one- 
half  cut  through,  it  should  be  severed  and  reunited, 
preferably  by  invagination." 

From  a  demonstration  of  the  relative  ease  and  safety 
with  which  rents  or  cuts  in  the  vessel  wall  might  be  re- 
paired, it  was  a  natural  step,  but  one  somewhat  tardily 
taken,  to  the  removal  of  foreign  bodies,  thrombi  and 
emboli,  from  the  vessel  lumen.  In  1896  Sabanajew 
opened  the  femoral  artery,  hoping  to  find  the  cause  of 
a-  rapidly  developing  gangrene  of  the  leg.  Lejar  in 
1902  reported  a  similar  operation  done  upon  a  man 
aged  26  years  who  had  sustained  a  severe  contusion 
in  the  left  inguinal  region.  Gangrene  developed,  and 
although  the  clot  was  removed,  amputation  later  be- 
came necessary.  The  most  recent  report  on  arteriot- 
omy  for  thrombosis  and  embolism  is  that  of  Stewart 
(Annals  of  Surgery,  September,  1907).  He  successfully 
located  a  large  clot  in  the  femoral  artery  and  closed  the 
vessel  with  through-and-through  silk  sutures.  _  The  cir- 
culation was  immediately  reestablished,  but  it  ceased 
in  a  few  moments.  The  stitches  were  removed  and  the 
clot  again  washed  out,  this  being  followed  by  autolav- 
age  induced  by  momentary  release  of  haemostasis.  The 
clot  reformed,  however,  and  was  again  removed,  only 
to  return.  A  portion  of  the  vessel  was  then  resected 
somewhat  after  the  manner  and  for  the  same  reason  as 
resection  may  sometimes  be  indicated  in  the  region  of 
intestinal  obstruction.  Removal  of  the  injured  endo- 
thelial lining,  however,  failed  to  serve  the  purpose,  and 
amputation  was  finally  resorted  to.  The  postoperative 
outlook  after  the  attempted  removal  of  an  embolus 
would  therefore  seem  to  be  more  favorable  because  of 
the  more  normal  condition  of  the  vessel  walls.  It  seems 
theoretically  probable  that  the  immediate  traumatism 
to  the  endothelium,  which  accompanies  a  careful  arte- 
riotomy  and  closure,  particularly  if  an  abundant  supply 
of  vaseline  be  used,  even  in  addition  to  the  traumat- 
ism made  by  the  lodgment  of  the  embolus,  will  together 
have  less  weight  in  thrombus  formation  than  the  un- 
known pathological  conditions  which  appear  to  exist 
at  the  site  of  a  thrombus  which  forms  from  no  appar- 
ent cause. 

A  glance  at  the  recent  literature  on  blood-vessel  sutur- 
ing demonstrates  that,  owing  very  largely  to  the  activ- 
ities of  Carrel,  the  technique  of  end-to-end  anastomosis 
and  of  the  many  subsidiary  vasal  operations  has  been 
so  simplified  as  to  be  now  a  matter  largely  of  personal 
handicraft  and  attention  to  detail.  Not  to  any  such 
fortunate  degree,  however,  has  the  simplification  of  the 
matter  come  in  regard  to  thrombus  formation.  For, 
although  in  the  deft  hands  of  Carrel  and  some  other 
workers,  thrombus  formation  occurs  less  rarely  than  in 
the  practice  of  the  less  skilled,  it  is  still  the  part  of  the 
problem  least  near  to  solution. 

At  the  beginning  of  1908  it  may  be  stated  that  the 
status  of  blood-vessel  surgery  is  as  follows :  After  going 
through  an  evolution  which  bears  many  remarkable  rela- 
tionships to  that  which  is  so  well  known  to  have  marked 


the  development  of  intestinal  surgery — the  use  of  all 
forms  of  mechanical  aids  whether  intravasal  or  extra- 
vasal — surgical  opinion  is  now  almost  unanimously  at 
rest  in  its  decision  that  such  aids  are  to  be  dispensed 
with  and  that  the  use  of  the  simple  end-to-end  through- 
and-through  sutures  by  continuous  stitch  is  the  tech- 
nique of  choice.  It  has  taken  more  than  ten  years  to 
reach  this  conclusion,  and  it  is  unfortunate  that  the 
technique  now  so  beautifully  clear  and  so  easy  of  ac- 
complishment, owing  very  largely  to  the  patient  work 
of  Carrel,  should  as  yet  be  limited  by  the  occurrence  of 
a  pathological  phenomenon  for  the  entire  control  of 
which  no  method  has  as  yet  been  advanced.  This  con- 
dition is  thrombosis.  Because  of  the  very  intimate  re- 
lationship of  this  complication  to  the  subject  under  dis- 
cussion, some  further  reference  to  recent  theories  as  to 
its  etiology  is  indicated. 

Prudden  classifies  the  determining  causes  of  throm- 
bosis as:  (1)  Those  associated  with  the  slowing  of  the 
blood  current ;  (2)  those  relating  to  changes  in  the 
wall  of  the  blood  channels;  and  (3)  those  involving  such 
alterations  in  the  blood  itself  as  to  favor  coagulation. 
The  first  are  usually  the  result  of  weak  heart  action  and 
they  not  infrequently  occur  in  the  veins.  Such  stagna- 
tion thrombi  are  also  formed  when,  under  favorable 
conditions,  an  aneurism  is  healed  by  digital  compres- 
sion, or  again  where  the  current  is  artificially  slowed  by 
the  direct  application  of  a  constricting  agent  to  the 
wall  of  the  vessel.  Such  constriction  has  been  applied 
in  the  course  of  experimental  work  by  Halstead  and  his 
pupils.  Similar  thrombi  are  also  formed  in  the  ordinary 
course  of  ligation  of  vessels.  That  pathogenic  bacteria 
are  active  agents  in  the  formation  of  thrombi  which  re- 
sult in  changes  in  the  walls  of  the  vessel  is  adduced  by 
the  fact  that  they  are  common  in  acute  infectious  dis- 
eases, such  as  endocarditis  and  septiceemia. 

With  the  systemic  conditions  in  the  blood  itself  which 
favor  thrombosis,  blood-vessel  surgery  has  less  to  con- 
cern itself.  Nevertheless,  it  is  worth  noting  that  in  ad- 
dition to  the  overcoming  of  the  obstacles  in  connection 
with  practical  determination  and  prevention  of  throm- 
bosis arising  from  one  or  other  or  both  of  the  already 
cited  causes,  there  might  under  unfavorable  conditions 
be  added  an  element  of  still  bigger  character,  one  which 
at  present  is  practically  unknown.  Carrel  believes  that 
the  very  lowest  grade  and  slightest  degree  of  infection, 
one  which  under  ordinary  conditions  will  not  produce 
pus,  but  which  may  perhaps  be  the  cause  of  the  post- 
operative rise,  almost  always  seen  after  any  operation, 
may  be  the  cause  of  the  thrombosis  which,  with  harass- 
ing frequency,  follows  even  upon  the  most  masterly 
vasal  operations.  From  our  present  interpretation  of 
the  action  of  pyogenic  bacteria,  it  is  somewhat  difficult 
to  understand  just  how  it  is  possible  for  them  to  produce 
immediate  thrombosis.  For  we  have  become  accus- 
tomed not  to  look  for  any  systemic  or  tissue  changes 
resulting  from  bacterial  infection  short  of  at  least  twen- 
ty-four hours  after  their  implantation.  Nevertheless 
it  is  by  no  means  to  be  denied  that,  despite  the  fact  that 
thrombus  formation  may  be  seen  occurring  within  the 
vessel  almost  directly  after  its  suture,  the  presence  of 
pyogenic  organisms  may  cause  an  immediate  response, 
the  very  first  sign  of  which  is  a  local  increase  in  the  co- 
agulability of  the  blood.  Jawkowski  and  Welch  have 
indeed  shown  that  bacterial  toxins  favor  thrombus  for- 
mation. Groves  {The Hospital,  December  8th,  1906)  calls 
attention  to  the  fact  that  certain  nucleoproteins  favor 
intravenous  coagulation,  as  does  an  excess  of  carbon 
dioxide  in  the  blood.  This  latter  has  probably  a  part 
in  nature's  protective  system  for  preventing  hernor- 
rhage  by  shallowing  the  respiration  as  in  fainting. 
Significant  and  perhaps  holding  a  definite  relation 
to  Carrel's  former  assumption  that  tlironibosis  after 
suture  is  due  to  a  very  mild  infection  is  the  well- 
known  fact  that  a  large  percentage  of  postoperative 
thrombosis  is  known  to  have  followed  operations  which 
in  themselves  and  in  their  clinical  manifestations  were, 
1  in  the  ordinarily  accepted  use  of  the  term,  aseptic.     At 

453 


Blood-Vessels. 
Broncliicctasis. 


REFERENCE  HANDBOOK  OF  THE   MEDICAL   SCIENCES. 


present  Carrel  considers  physiological  conditions  to  play 
at  least  an  equal  part  with  infection. 

The  Carrel  Technique. — In  1902  Carrel  published  his 
technique  of  circular  suture.  It  did  not  differ  mate- 
rially from  the  methods  before  described,  except  in  its 
strict  attention  to  facilitating  details.  These,  while 
small  in  themselves,  came  at  just  the  right  time  and 
contributed  more  than  any  other  factor  to  put  arterial 
and  venous  suture  on  their  present  firm  footing.  In 
brief.  Carrel's  method  is  as  follows : 

First,  absolute  sterility.  Second,  the  employment  of 
exceedingly  fine,  round  needles,  and  a  Chinese  silk  sut- 
ure which  completely  fills  the  eye.  These  sutures  are 
white  and  are  caused  to  stand  out  in  relief  by  the  em- 
ployment of  a  black  silk  background;  the  latter  aids 
the  operator's  eye  in  detecting  the  whereabouts  of  the 
needle,  and  is  a  very  essential  element  of  success;  it 
surrounds  the  entire  wound  and  is  carefully  tucked 
imder  the  field  of  operation.  Third,  the  free  use  of 
sterile  vaseline.  Suture  material  is  best  prepared  by 
sterilizing  directly  in  this  material.  The  blood-vessel 
is  thoroughly  coated  with  it  both  within  and  without. 
Fourth,  the  provisional  hsemostasis  is  not  maintained 
by  the  direct  action  of  clamps,  but  by  the  pressure  of 
elastic  bands  which  are  made  tense  by  clamps  applied 
at  the  vessel's  side.  An  exception  is  made  in  the  case 
of  large  vessels,  the  Crile  clamp  being  then  indicated. 
Fifth,  every  particle  of  clot  is  most  scrupulously  washed 
away  prior  to  ligation.  Sixth,  through-and-through 
sutures  are  placed  between  both  walls  120  degrees  apart. 
Seventh,  the  needles  are  left  on  these,  an  assistant  hold- 
ing one,  the  operator  holding  the  single  thread  of  the 
other  in  the  left  hand,  sewing  toward  the  assistant. 
As  each  120  degrees  is  completed,  the  suture  is  tied  to 
the  succeeding  traction  line  and  the  suture  line  is  con- 
tinued. 

Whereas  in  1902  Carrel  advised  the  avoidance  of  the 
intima,  he  now  appears  to  have  shown  that  it  can  be 
penetrated  with  impunity,  thrombosis  having  no  direct 
relation  to  its  puncture,  for  although  there  is  the  wound 
the  trauma  is  reduced  to  a  minimum. 

In  addition  to  the  studies  upon  the  effect  of  arterio- 
venous anastomosis  in  various  forms  of  aneurism,  some 
-very  interesting  observations  have  been  deduced  from 
the  conditions  said  to  arise  after  the  implantation  of  a 
large  artery  into  a  small  vein.  Carrel  and  Guthrie  believe 
that  they  have  succeeded  in  producing  an  actual  arterial 
sclerosis  by  this  procedure,  the  microscopical  and  histo- 
logical changes  conforming  very  closely  to  those  found 
in  the  usual  pathological  subjects.  This  question  is, 
however,  intricate  and  as  yet  unsolved.  The  arte- 
rial wall  reacts  first  by  a  hypertrophy  of  the  mus- 
cle layer,  the  sclerosis  of  the  intima  and  adventitia  fol- 
lowing. Conversely  when  arterial  tension  is  lowered 
by  the  anastomosis  of  a  small  artery  into  a  large  vein, 
the  wall  of  the  artery  becomes  attenuated  and  its  lumeri 
grows  larger. 

Termino-terminal  Anastomosis. — This  is  the  desig- 
nation of  the  operation  by  which  the  central  end  of  an 
artery  is  connected  to  the  peripheral  end  of  the  corre- 
sponding vem,  or  the  peripheral  end  of  the  artery  to 
the  central  end  of  the  vein.  Carrel  and  Guthrie,  who 
made  these  observations,  noted  that:  (1)  At  first  the 
-valves  prevent  reversal  of  the  circulation;  (2)  in  a 
short  time  (usually  twenty  minutes)  they  gradually 
yield,  and  arterial  blood  flows  through  the  veins  as  far 
as  the  capillaries;  (3)  after  some  delay  it  passes  the 
capillaries,  and  the  arteries  fill  with  venous  blood- 
(4)  three  hours  after  operation  there  is  a  complete  re- 
versal of  the  circulation. 

Their  further  experimentation  in  this  line  is  of  par- 
ticular interest  as  bearing  on  the  treatment  of  senile 
gangrene.  They  found  that  a  lateral  arteriovenous  an- 
astomosis permitted  the  return  of  most  of  the  arterial 
blood  through  the  central  end  of  the  vein.  Sufl^icient 
impact  was  given  the  venous  circulation  to  cause  the 
peripheral  venous  radicals  to  distend  and  pulsate    but 


not  sufficient  to  force  the  arterial  blood  through  them. 
This  probably  accounts  for  the  failure  of  the  cases  of 
lateral  arteriovenous  anastomosis  for  the  treatment  of 
aneurism,  and  demonstrates  that  very  little  can  be 
done  on  the  human  being  until  the  matter  is  thoroughly 
demonstrated  by  animal  experimentation.  Probably  in 
case  of  lateral  anastomosis  the  vein  should  be  tied  just 
central  to  the  point  of  anastomosis. 

Vasal  Transplantation. — Watts  {Annals  of  Surgery, 
September,  1907)  states  that  transplantations  of  ar- 
teries and  veins  may  be  complete  or  incomplete.  In 
complete  transplantation,  the  segment  of  vessel  is  com- 
pletely excised  and  then  sutured  between  the  cut  ends 
of  the  other  vessel.  Carrel  denominates  as  "  autoplastic  " 
a  transplantation  in  which  the  section  of  vessel  is 
taken  from  one  vessel  and  transplanted  into  another  of 
the  same  animal,  a  "homoplastic"  transplantation  being 
one  in  which  the  section  of  vessel  is  taken  from  another 
animal  of  the  same  species.  A  "  heteroplastic  "  transplan- 
tation is  one  in  which  the  section  is  taken  from  an  ani- 
mal of.a  different  species.  These  sections  have  recently 
been  kept  in  cold  storage  for  long  periods  of  time  and 
have  retained  their  ability  to  act  as  living  grafts.  This 
remarkable  demonstration  reminds  one  of  the  well- 
known  ability  of  certain  forms  of  skin  grafts  to  func- 
tionate after  having  been  kept  for  months. 

Replantation  and  Transplantation  of  Organs  and 
Limbs. — Watts  says  that  "  the  replantation  of  an  organ 
or  limb  consists  in  removing  it,  replacing  it,  and  re- 
establishing its  circulation  by  vascular  anastomosis.  The 
transplantation  of  an  organ  or  limb  consists  in  its  re- 
moval and  transplantation  into  another  animal,  or  a 
different  portion  of  the  same  animal,  its  circulation  being 
re-established  by  vascular  anastomosis." 

To  UUmann  (in  1902)  is  probably  due  the  credit  of 
the  first  transplantation  of  a  dog's  kidney  into  his  neck. 
This  was  done  by  means  of  Payr's  protheses.  Accord- 
ing to  Carrel  and  Guthrie  there  are  two  methods  of 
transplanting  organs,  viz.,  simple  and  en  masse.  The 
objection  to  the  simple  transplantation  is  that  the  nerves 
and  their  sympathetic  ganglia  are  cut  off.  To  obviate 
this,  the  idea  was  conceived  of  removing  the  organs, 
particularly  the  ovaries  and  testicles,  with  a  large  mass 
of  tissue  adherent  to  them.  Carrel  states  that  whereas 
he  was  formerly  solicitous  about  the  arterial  supply,  he 
has  come  after  long  experience  to  recognize  that  success 
in  transplantation  is  due  far  more  to  the  presence  of 
venous  drainage  than  to  the  perfection  of  arterial  sup- 
ply. He  tlierefore  in  his  present  technique  takes  much 
greater  pains  with  the  veins  than  with  the  arteries. 

Therapeutic  Application.— A  further  attempt  at  sur- 
gical therapy  has  been  made  in  efforts  to  transplant 
the  thyroid  gland.  Watts  reports  six  cases— all  in 
dogs  and  all  unfortunately  unsuccessful. 

From  a  study  of  the  suggestions  which  have  been 
thrown  out  as  to  the  possibilities  which  vasal  surgery 
offers  in  the  line  of  surgical  therapy,  it  will  be  seen 
that  an  effort  is  being  made  to  locate  and  remove 
thrombi  and  emboli.  In  the  exercise  of  this  thera- 
peutic measure,  two  marked  diflficulties  present  them- 
selves. The  first  lies  in  determining  the  location  of 
the  lesion,  and  here  should  be  noted  that  the  pain  is 
referred,  not  to  the  site  of  the  lesion,  but  to  the  region 
of  ischoemia  produced  by  it ;  the  second  lies  in  prevent- 
ing the  reformation  of  a  thrombus  after  the  original 
clot  has  been  washed  away.  On  these  two  important 
points  no  doubt  more  light  will  soon  be  cast. 

Of  the  treatment  of  various  forms  of  gangrene  but 
little  can  be  said  except  that  the  failures  reported  in 
attempts  upon  human  beings  corroborate  the  experi- 
mental findings.  That  a  lateral  arteriovenous  anas- 
tomosis is  valueless,  and  a  direct  severing  and  reunion 
of  the  vessels  necessary  are  rather  clearly  indicated. 
That  e\'en  this  would  be  productive  of  good  there  is, 
however,  not  yet  definite  proof. 

Transplantation  of  vessel  segments  is  as  yet  in  an 
undetermined    condition.    When    there    has    occurred 
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any  extensive  destruction  of  an  arterial  wall,  and  in 
the  event  of  such  artery  being  accompanied  by  satellite 
veins,  one  would  naturally  turn  to  one  of  the  additional 
veins  as  a  source  of  supply  for  the  graft.  Unfortu- 
nately, however,  the  weight  of  experimental  evidence 
is  against  the  employment  of  vein  tissue  to  bridge  ar- 
terial defects,  because,  although  every  effort  has  been 
made  to  strengthen  the  wall,  even  so  far  as  doubling  it 
back  upori  itself  so  as  to  give  twice  the  usual  thickness 
to  the  vein  wall,  the  result  has  not  been  gratifying. 
This  corroborates  the  belief  that  there  is  an  intrinsic 
element  in  the  arterial  wall  particularly  adapted  for 
pressure.  That  this  is  quite  wanting  in  the  vein  wall  is 
shown  by  the  fact  that  even  a  double  thickness  soon 
pouts  out,   producing  an  aneurismal  condition  of  the 


Carrel  has  carried  on  some  researches  upon  the  effect 
of  reversing  the  blood  current  in  the  thyroid  of  goitrous 
'dogs.  At  the  Johns  Hopkins  Hospital,  Watts  has 
essayed  the  transplantation  of  the  thyroid  gland  six 
times,  as  already  cited,  without  success.  He  attributes 
the  failure  to  the  small  size  of  the  inferior  thyroid  vein 
and  perhaps  also  to  his  unf amiliarity  with  technical  de- 
tails. 

This  represents  another  separate  and  distinct  effort  on 
the  part  of  experimental  surgeons  to  introduce  a  surgi- 
cal method  in  the  treatment  of  pathological  conditions 
of  the  thyroid,  through  the  medium  of  arterial  suture. 

Perhaps  the  boldest  and  most  significant  attempt  to 
cure  a  human  ailment  through  the  medium  of  vasal 
suture  has  been  reported  in  the  heroic  efforts  to  trans- 
plant a  healthy  kidney  in  place  of  a  diseased  organ. 
Efforts  in  this  direction  have  been  made  quite  continu- 
ously by  a  number  of  experimenters  since  UUmann's 
work  in  1902,  already  referred  to.  Carrel  has  succeeded 
in  maintaining  a  flow  of  urine  from  a  transplanted  kid- 
ney for  upward  of  two  weeks.  The  urine  secreted  by 
the  transplanted  organ  was  of  almost  normal  character, 
and  contained  but  little  albumin.  In  view  of  a  con- 
fessed failure  of  all  methods  so  far  suggested  by  the 
medical  world  to  retard  in  any  way  the  various  processes 
of  an  advancing  nephritis,  no  one  can  surmiise  with- 
out interest  from  the  standpoint  of  human  therapy 
what  may  be  the  brilliant  future  of  such  amazing  ex- 
periments. 

The  deepest  niche  in  the  experimental  stairs  was  cut 
in  1903,  when  Hopfner  amputated  and  replanted  dogs' 
legs.  It  was  but  a  short  step  from  this  work  to  the 
transplantation  of  entire  members  from  one  dog  to  an- 
other. The  overwhelming  difficulties  of  this  procedure 
have  thus  far  baffled  all  attempts  to  obtain  a  functionat- 
ing member  either  from  replantation  or  from  implanta- 
tion. Nevertheless,  a  good  circulation  has  been  main- 
tained for  a  number  of  days  in  the  amputated  member. 
And  although,  up.  to  date,  thrombosis  followed  by  death 
of  the  part  has  invariably  occurred,  those  would  be  rash 
who  in  the  face  of  to-day's  attainments  would  predict 
that  success  might  not  follow  to-morrow. 

In  conclusion,  then,  the  general  status  of  blood-vessel 
surgery  may  be  summed  up  to  date  as  follows :  The 
surgery  of  the  blood-bearing  tubes  has  passed  through 
an  evolution  not  unlike  that  which  took  place  in  relation 
to  the  tubes  of  the  alimentary  system.  In  each,  there 
was  first  the  effort  to  restore  wounds  ■where  the  con- 
tinuity of  the  vessel  was  unbroken.  In  each  there  was 
a  magnificent  display  of  ingenuity  on  the  part  of  the 
surgeons  who  sought  to  devise  intravasal  or  extravasal 
aids.  The  number  and  character  of  these,  both  in  in- 
testinal and  in  arterial  experimentation  and  practice, 
have  been  truly  astonishing.  The  surgery  of  the  intes- 
tinal canal  has  always  been  several  years  in  advance  of 
the  surgery  of  the  blood-vessels.  The  result  of  this  is 
that  all  aids  were  discarded  in  intestinal  work  some 
years  ago,  in  favor  of  the  simple  suture.  Aids  in  vasal 
surgery  are,  however,  only  just  being  recognized  to  be 
equally  useless,  the  suture  taking  ^heir  place.  When 
one  considers  the  morphological  similarity  of  the  intes- 


tinal and  circulatory  tubes  from  a  standpoint  of  surgi- 
cal technique,  it  may  be  confidently  predicted  that  the 
newly  made  decision  in  favor  of  the  suture  for  arterial 
and  venous  work  is  logical  and  will  in  the  future  entirely 
supplant  all  mechanical  devices,  as  has  been  the  case  in 
intestinal  surgery.  J .  W.  Draper  Maury. 

BRONCHIECTASIS.— Dilatations  of  the  bronchi,  either 
diffuse  or  circumscribed,  are  known  as  bronchiectases. 
They  are  of  common  occurrence  and  arise  from  a  great 
variety  of  causes.  In  all  cases,  however,  the  essential 
cause  of  bronchial  dilatation  is  to  be  found  in  a  weakness 
of  the  bronchial  wall  or  an  increase  of  pressure  within  the 
bronchus,  or  in  a  combination  of  both  these  factors. 
Bronchiectases  appear  both  clinically  and  pathologically 
in  such  a  variety  of  forms  that  their  classification  is  diffi- 
cult. According  to  their  etiology  they  may  be  divided 
into  the  following  forms: 

fl.  Congenital. 
3.  Atelectatic. 
Bronchiectasis.  ■{  3.  Vicarious. 

I  4.  Emphysematous. 

[5.  Inflammatory. 

Genbeal  Morbid  Anatomy. — The  condition  of  bron- 
chial dilatation  may  be  single  or  multiple,  one  or  more 
of  the  bronchi  being  affected.  In  some  cases  the  entire 
bronchial  tree  is  dilated  {universal  bronc7ueciasis).  When 
but  one  bronchus  is  dilated  the  condition  is  usually  found 
in  the  upper  lobes;  when  many  are  dilated  the  lower  lobes 
are  affected.  Usually  the  bronchial  branches  of  the  third 
or  fourth  order  are  the  ones  involved;  they  not  infre- 
quently become  wider  than  the  main  bronchi,  and  may 

often  be  fol- 
lowed out  to  the 
pleura,  where 
they  end  gener- 
ally in  a  sac- 
like terminal  dil- 
atation of  some- 
w  h  a  t  greater 
width,  as  is  seen 
in  Fig.  5130,  b). 
In  other  cases 
the  terminations 
may  be  of  nor- 
mal width,  or 
they  may  be- 
come narrowed. 
The  smaller 
bronchi  may  at 
times  alone  be 
dilated,  the  lung 
on  section  resembling  a  v«ry  porous  cheese. 

The  dilatation  may  be  more  or  less  uniform  {cylindrical, 
fusiform,  or  spindle-shaped  ironchiectasis),  or  it  may  be 
localized,  the  dilatation  being  much  greater  at  one  point 
than  elsewhere,  or  involving  but  a  small  portion  of  the 
bronchus  {saccular  bronchiectasis).  In  other  cases  a  suc- 
cession of  dilated  portions  may  be  separated  from  each 
other  by  portions  of  the  bronchus  which  are  of  normal 
width  or  are  constricted  {varicose  or  rosary  bronchiectasis). 
The  different  forms  may  be  found  in  the  same  lung. 
Closure  of  the  central  end  of  the  dilated  portion  and  the 
accumulation  of  secretions  may  give  the  dilatation  the 
character  of  a  cyst  {bronchieetatic  cyst,  cystic  bronchiectasis). 
Suppuration  of  the  wall  of  the  dilated  bronchus  gives 
rise  to  the  conditions  known  as  ulcerative  bronchiectasis 
and  bronchieetatic  abscess.  Enlargement  of  the  bronchi- 
ectasis at  the  expense  of  the  surrounding  lung  tissue  leads 
to  the  formation  of  bronchieetatic  cavities  {cavernous 
bronchiectasis).  Infection  of  the  dilated  bronchus  with 
putrefactive  organisms  causes  a  gangrenous broncfiiectasis. 
In  this  case  also  the  destruction  of  the  wall  of  the  dila- 
tation and  the  encroachment  upon  the  surrounding  tissue 
give  rise  to  the  formation  of  cavities.  In  some  cases  the 
larger  bronchi  may  be  chiefly  affected,  in  which  event  the 


Fig.  5130.— Saccular  and  Cylindrical  Forms  of 
Bronchiectasis.  (Alter  Orth.)  a.  Saccular 
lorm ;  b,  cylindrical  form. 
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BroncUieotasis. 
Broncltieclasis. 
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distended  portions  project  from  the  main  bronchus  like 
the  dilated  fingers  of  a  glove. 

Tlie  walls  of  tlie  dilated  portion  may  appear  to  be  nor- 
mal, or  they  may  show  marked  pathological  changes. 
The  inner  lining  may  l)e  smooth  or 
roughened.      Tlie    smooth-walled 
dilatations  often  contain  no  fluid 
A,s  a  rule  the   bronchial   muccsa 
presents    the    appearances    of    a 
chronic    purulent    catarrh.      The 
cylindrical  epithelium  is  usually 
replaced  by  one  of  a  cubical   or 
squamous  type.     In  the  large  sac- 
cidar  bronchiectases  and  in  some 
of  the   cylindrical   forms  due   to 
retained     secretion.?     the      lining 
membrane     may     be     ulcerated. 
Polypoid  outgrowths  are  not  in- 
frequently seen.     The  contents  of 
the  cavity   may  be  thin  and  wa 
tery,  or  thick  or  even  caseous.    In 
some  of  the  larger  bronchiectases, 
and    particularly   in   the   case  of 
secondary  gangrene,  the  contents 
arc    horribly    fetid       Microscopi- 
cally the  fluid  consists  of  mucus, 
Dus  corpuscles,  fatty  acid  crystals, 
and  ha;matoidin  crystals.     In  the 
case  of  ulcerative  or  gangrenous  condition.s  of  the  walls 
elastic  fibres  may  also  be  present.     The  outer  portions  of 


iM^/' 


Fig.  .5131. —  Atrophic  Cv- 
]lndrical  Bronchiectasis 
with  ribbed  transverse 
markings.  (After 
Ziegler  ) 

and  occasional! V  blood'; 


Fic.  51:32.— Hypertrophic  tii-oncliiectas's  nnri  i.r,„.,.v,i„  t,c 
flbroid  indurution  '„f  luug       A  ,e,  Zie?4  l.:;^^^  "' 

tissue;  /,,  thickened  Pleiira  ;   c,  dilated  Im,,,-!,'.  ""*^' 

municating  with  a  dilated  bronchi^s  '-"""'-'"'^  •  ''• 


avity  com- 


the  wall  of  the  dilated  portion  may  be  maikedly  atro- 
phic, even  the  cartilage  plates  may  entirely  di,s;m,,e™ 
The  elas  ic  tissue  is  .stretched  and  separated  rand  Me 
muscle,  If  I  has  not  entirely  distippeare<l  is  much 
stretched  and  atrophied.     The  mucous  glands  inafalso 
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entirely  disappear,  or  may  show  extreme  mucous  de- 
generation. In  other  cases  a  secondary  thickening  of 
the  wall,  due  to  a  new  formation  of  connective  tissue 
and  elastic  fibres,  may  occur.  This  Is  true  particularlj' 
of  the  inflammatory  cases.  Small-celled  infiltration  of 
the  wall  is  usually  present.  According  to  the  condition 
of  the  bronchial  wall  bronchiectases  may  be  divided 
into  the  atropine  and  the  hypertrophic  forms.  Such  a 
classification  has,  however,  but  little  practical  impor- 
tance, inasmuch  as  both  forms  may  be  found  in  the  same 
lung.  In  general,  the  condition  of  the  wall  is  dependent 
es.seiitiaHy  ujion  the  cau.se  of  the  dilatation. 

The  iitniplni:  form  oci-uis  in  association  with  emphy- 
sema, and  iis  a  sequela  of  old  chi-onic  inflammatory  proc- 
esses which  lessen  the  elasticity  and  resisting  power  of 
the  bronchial  wall,  so  that  it  gives  way  to  the  air  pres.i- 
ure.      I'rolonged  and  difficult  expiration  favors  its  oc- 
currence.    Such  dilatations  are  usuallv  cylindrieal  and 
occur  chiefly  in  the  bronchi  of  the  lower  lobes.     Very 
often  the  stretching  of  the  bronchial  wall  is  not  uni- 
form, and  the  inner  surface  shows  circular  or  oblique 
ribbed    elevations    corresponding  to  circular   bands  of 
muscle  fibres  and  elastic  tissue  which  are  still  preserved, 
the  connective  tissue  between  them  being  pu.shed  out- 
ward.   All  the  elements  of  the  wall  are  more  or  less  atro- 
phic, even  the  cartilage,  which  may  be  replaced  by  con- 
nective  tissue   containing   newly  formed   blood-ves.sels 
The  openings  of  the  mucous  glands  are  dilated  and  fun- 
nel-shaped.    The  epithelium  may  be  well  preserved   or 
it  may  be  changed  to  a  cubical  or  flattened  varietv'  or 
may  be  desquamated. 

_  The  hypertrophic  form  occurs  as  a  frequent  sequela  of 
indurations  and  contractions  of  the  lung  parenchyma 
In  these  cases  the  greater  part  of  the  lung  is  usuallv  im- 
permeable to  air,  and  the  cau.;e  of  the  dilatation  is  less  a 
result  of  the  weakening  of  the  bronchial  wall,  but  is  es- 
sentially dependent  upon  an  increa.se  of  intrabroncliial 
pressure,  which  is  due  to  the  fact  that  the  air  entering- 
the  bi-cmchi  no  longer  passes  normally  into  the  ramifica" 
tions  of  the  air  passages.  In  the  case  of  retraction  of 
the  lung  tis.sue  with  pleural  adhesions  the  outward  piiii 
upon  the  bronchial  walls  is  also  an  important  factor  in 
causing  a  dilatation  of  the  bronchial  lumen.  In  both  cases 
tlie^  dilatation  is  favored  by  any  inflammatory  process 
whicii  weakens  the  wall.  The  mucous  membrane  of  the 
dilated  lironclius  in  the  hypertrophic  mass  may  resemble 
that  found  iu  the  ati-ophic  forms,  or  papillaiy  or  poly- 
poid proliferaticms  may  be  present.  A  lattice-'like  mark- 
ing of  the  lining  membrane  is  often  seen.  These  mark- 
ings corresiiond  to  small  thickenings  or  elevations  of  the 
mucosa  corresponding  to  the  forma'tiou  of  a  very  cellular 
granulation  tissue  about  the  longitudinal  and  transverse 
bundles  of  elastic  tissue.  The  connective  tissue  of  the 
wall  and  of  the])eribronchial  reirionis  more  or  less  thick- 
ened and  connective  tissue  may'take  the  place  of  the  mu- 
cous glands  and  cartilages.  The  capillaries  of  the  wall 
are  greatly  dilated  and  present  thickened  walls  The 
hypera'uiia  of  the  w;Ul  may  he  so  marked  that  the  ap- 
pciiranee  of  the  mucosa  suggests  a  hemorrhagic  con- 
dition. Tuberculous  and  gangrenous  processes  may 
cause  various  modifications  of  these  appearances. 

The  sarciiliir  bronchiectases  usually  develop  at  the  cost 
of  the  limg  parein'hyma.  The  bronchus  may  show  at 
some  ])oiiit  iu  its  coiir.se  a  dilatation  varying  in"size  from 
that  of  a  mustiird  seed  to  that  of  a  lien's  egg,  or  the 
bronchus  may  terminate  in  a  sac.  The  centrareu'd  of  the 
dilatatKju  may  become  obliterated  and  the  dilatation  thus 
come  to  resemble  a  cyst.  Through  the  accumulation  of 
secretions  the  cyst  may  attain  great  dimensions.  All  the 
bronchi  of  one  limg  may  be  similarly  affected,  the  Jung 
tissue  between  becoming  atrophic  and  compressed,  so 
thiit  the  organ  lliniUy  comes  to  resemble  a  multilocular 
cyst.  In  other  ca.si^s  the  saccular  dilatation  may  involve 
only  a  portitiu  of  the  circumfei-ence  of  the  wall,  so  that  it 
appears  as  a  diverticulum  which  is  connected  with  the 
lumen  of  the  bronchus  by  a  narrow  opening  only  (dila- 
tation  ampullaire  hiterale  of  Cruveilliier).  In  tiie  ma- 
iorityof  cases  the  saccular  dilatations  involve  the  smaller 
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bronchi,  more  rarely  are  the  main  branclies  afEecteJ.  Tliey 
are  usually  associated  -with  broncliial  stenoses,  and  are 
most  often  found  near  the  periphery  of  the  lung.  Ac 
cording  to  Gairdner  all  the  saccular  dilatations  are  the 
result  of  ulcerative  excavations  of  the  lung  tissue.  This 
is  true,  however,  of  only  a  part  of  the  cases. 

Biermer  divides  bronchiectases,  according  to  the  char- 
acter of  their  walls,  into  the  following  forms:  (1)  Dilata- 
tions with  catarrhal  swelling  and  relaxation  of  the  bron- 
chial wall.  These  are  acute  and  occur  chiefly  in  the 
lungs  of  children  affected  with  chronic  bronchitis.  After 
the  bronchitis  has  been  cured  the  bronchial  wall  regains 
its  old  tone  and  elasticity,  and  the  dilatation  disappears. 
<3)  Dilatations  with  hypertrophic  walls.  These  affect 
the  larger  bronchi  and  are  usually  spindle-shaped.  (3) 
Dilatations  with  thin  walls.  These  are  usually  saccular. 
<4)  Dilatations  with  trabecular  degeneration.  The  walls 
are  uneven,  thickened,  and  there  is  a  peribronchial  in- 
crease of  connective  tissue. 

Uloerative  processes  are  of  common  occurrence  in  the 
mucosa  of  the  saccular  bronchiectases.  Complete  de- 
struction of  the  elements  of  the  wall  maj'  take  place,  giv- 
ing rise  to  a  bronchial  abscess.  Infection  with  putre- 
factive bacteria  leads  to  a  secondary  gangrene.  Such 
changes  are  due  to  the  lessened  resistance  of  the  bronchial 
walls,  the  changes  in  the  secretions,  and  the  entrance  of 
bacteria.  In  these  cases  elastic  tissue  may  be  found  in 
the  sputum.  Deposits  of  lime  salts  may  occur  in  the 
bronchial  walls,  and  as  the  result  of  the  formation  of 
granulating  surfaces  adhesions  of  the  walls  or  the 
development  of  connective-tissue  bridges  may  take  place. 
In  some  cases  a  complete  obliteration  of  the  lumen  results, 
and  the  bronchus  is  converted  at  the  point  of  dilatation 
into  a  fibrous  cord. 

The  changes  in  the  lung  tissue  in  the  neighborhood 
of  the  bronchiectasis  are  usually  primary,  with  the  ex- 
ception of  ulcerative  and  gangrenous  processes,  which 
are  secondary  to  the  dilatation.  The  bronchi  which  are 
not  dilated  show  catarrh  and  a  putrid  decomposition  of 
the  secretions.  They  are  often  wholly  obliterated.  In 
bronchiectases  due  to  syphilitic  affections  of  the  air  pas- 
sages the  dilatation  of  the  smaller  bronchi  is  usually  sec- 
ondary to  a  stenosis  of  the  trachea  or  large  bronchus. 
The  portions  of  the  lungs  not  affected  by  the  condition 
causing  the  bronchiectasis  may  present  a  compensatory 
emphysema,  and  in  the  later  stages  foci  of  bronchopneu- 
monia, due  to  the  aspiration  of  secretions  from  the 
dilated  bronchi,  may  be  found.  The  right  ventricle  may 
become  liypertrophied  and  dilated  as  the  result  of  the 
stasis  in  the  pulmonary  circulation.  The  bronchial 
glands  are  usually  swollen. 

Metastasis  ma,j  take  place  from  bronchiectases.  Bier 
mer  observed  metastatic  brain  abscesses  in  four  cases  of 
bronchiectasis ;  and  Gerhardt  and  Bardenheuer  noted  the 
occurrence  of  rheumatic  joint  affections  in  patients  with 
bronchiectases.  Chiari  has  reported  a  case  of  suppura- 
tive myelitis  following  bronchiectasis.  In  the  pus  and 
vessels  of  the  cord  a  branching  filamentous  fungus  was 
found  which  showed  threads  breaking  up  into  coccoid 
bodies  and  staining  with  Gram's  mixture.  Of  eight  cases 
of  hgjmatogenous  myelitis  collected  from  the  literature 
three  were  secondary  to  bronchiectasis.  In  one  case  of 
actinomycotic  abscesses  occurring  in  the  brain  of  a  man 
with  numerous  bronchiectatic  cavities,  many  clusters  of 
the  fungus  were  found  in  the  walls  and  contents  of  the 
latter. 

Location. — Statistics  as  to  the  location  of  bronchiec^ 
tases  are  of  doubtful  value.  This  is  particularly  true 
with  regard  to  the  relative  frequency  of  involvement  of 
the  right  and  left  sides  and  the  upper  and  lower  lobes. 
The  statements  generally  made  in  regard  to  these  points 
are  to  the  effect  that  bronchiectases  usually  occur  in  one 
lung,  and  more  frequently  on  the  left  than  on  the  right 
side,  and  more  often  in  the  upper  lobe  than  in  the  lower, 
and  that  in  double-sided  bronchiectasis  both  upper  lobes 
are  more  often  affected  than  the  lower  ones.  But  little 
Importance  can  at  present  be  attached  to  such  statements, 
the  number  of  observations  upon  which  they  are  based 


being  too  small.  The  dilatations  occurring  with  tuber- 
culosis and  chronic  inflammatory  processes  are  more  often 
seen  in  the  upper  lobes;  in  the  case  of  pleuritic  exuda- 
tions, in  the  compressed  lower  lobes ;  in  those  occurring  as 
sequelas  of  croupous  and  catarrhal  pneumonia,  hyposta- 
tic and  atelectatic  conditions  are  found  in  the  lower  and 
posterior  portions.  In  the  case  of  pleural  adhesions  the 
dilatations  are  sometimes  found  in  the  bronchi  of  the 
upper  lobe,  sometimes  in  those  of  the  lower  lobe. 

Congenital  Bronchiectasis. — Under  this  head  there  is 
included  a  number  of  conditions  in  the  lungs  of  the  new- 
born which  have  been'  regarded  as  due  to  congenital 
syphilis.  One  lung  is  usually  affected ;  it  may  contain 
numerous  cysts  filled  with  a  serous  fluid.  The  lung  tis- 
sue between  the  cysts  may  be  indurated  or  atelectatic. 
Heller,  Herzheimer,  Grawitz,  and  others  have  described 
cases  wliich,  according  to  Grawitz,  are  to  be  ascribed  to 
a  hydropic  dilatation  of  the  bronchi.  Heller  regards 
them  as  representing  the  bronchi  of  undeveloped  por- 
tions of  the  lung,  the  dilatation  occurring  in  later  life 
partly  as  the  result  of  the  growth  of  the  thorax  and  the 
consequent  pull  upon  the  bronchus,  and  partly  as  the 
result  of  the  growth  of  the  bronchus  itself  and  the  press- 
ure of  retained  secretions. 

Atelectatic  Bronchiectasis. — The  congenital  bronchiec- 
tasis of  Heller  is  to  be  placed  in  this  class.  In  a  number 
of  cases  observed  bronchial  dilatations  have  been  found 
in  adults,  the  lung  tissue  being  free  from  pigment  and 
showing  no  evidences  of  inflammatory  changes.  The 
condition  is  therefore  very  probably  the  result  of  a  con- 
genital atelectasis.  An  acquired  bronchiectasis,  due  to 
atelectasis,  luay  take  place  in  later  life  as  the  result  of 
deformities  of  the  thorax,  tumors,  aneurism,  etc. 

Vicarious  Bronchiectasis. — If  the  entrance  of  air  into 
any  portion  of  the  lung  be  hindered  and  the  volume  of 
that  part  reduced,  the  inspiratory  pull  upon  the  sound 
portions  of  the  lung  is  increased.  As  the  result  of  this 
increased  pull  both  the  alveoli  and  the  bronchi  become 
dilated,  and  there  arise  a  vicarious  emphysema  and  a  vi- 
carious bronchiectasis.  Pneumonic  foci,  infarcts,  local 
atelectasis,  local  tuberculous  nodules  and  infiltrations, 
contracting  scar  tissue,  etc.,  are  the  causal  factors  of  such 
bronchial  dilatations.  The  bronchial  wall  and  mucosa 
become  stretched  and  thinned  like  a  serous  membrane 
The  essential  characteristic  of  the  change  is  that  no  in- 
flammatory processes  take  part  in  the  direct  production 
of  the  dilatation.  It  is  to  be  regarded  as  a  vicarious  em- 
physema of  the  bronchi.  The  clinical  significance  of  the 
condition  is  not  great.  The  dilatations  are  relatively 
small  and  circumscribed.  Inflammatory  changes  may 
follow,  and  an  ulcerative  or  inflammatory  bronchiectasis 
develop. 

Emphysematous  Bronchiectasis.  — An  emphysema  of  the 
bronchi  occurs  also  in  simple  atrophic  emphysema  of  the 
lungs  not  due  to  a  compensation  for  portions  of  the  lung 
the  function  of  which  is  lost  or  diminished.  It  is  to  be 
regarded  as  idiopathic  rather  than  vicarious  or  compen- 
sating. The  dilatation  is  not  great,  but  the  walls  of  the 
bronchi  are  greatly  thinned.  The  smaller  branches,  par- 
ticularly those  of  the  lower  lobes,  are  chiefly  affected. 
The  symptoms  cannot  be  separated  from  those  of  alveo- 
lar emphysema. 

Inflammatory  Bronchiectasis. — This  is  by  far  the  most 
common  and  important  form.  AUauthorities  are  agreed 
that  for -the  production  of  a  bronchiectasis  of  clinical 
importance  an  inflammatory  weakening  of  the  bronchial 
wall  is  necessary.  In  general  there  are  no  severe  inflam- 
matory conditions  of  tlie  lungs  or  pleura  in  which  bron- 
chiectases may  not  develop.  Capillary  bronchitis, 
chronic  bronchitis,  catarrhal  pneumonia,  croupous 
pneumonia,  particularly  when  nmning  a  subacute  or 
chronic  course,  tuberculosis,  obliteration  of  the  bron- 
chioles due  to  indurations,  peribronchitis,  typhoid  hy- 
postasis, stenosis  of  the  large  bronchi,  pleuritis,  pleural 
adhesions,  etc.,  are  the  causal  and  predisposing  factors. 
General  anaemia,  marasmus,  alcoholism,  excessive  or 
forced  respiratory  movements,  singing,  screaming  cough- 
ing, etc.,  play  a  secondary  part.     In  the  case  of  bronchial 
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stenoses  the  bronchus  is  usually  dilated  both  above  and 
below  the  point  of  stenosis.  It  is  probable  that  the  dila- 
tation which  lies  below  the  stenosis  is  due  to  the  fact  that 
the  air  which  passes  through  the  stenosis  into  the  portion 
of  the  bronchus  below  it  is  held  there  by  the  blocking  of 
the  stenosis  with  mucus  during  expiration,  and  as  the 
result  of  the  expiratory  increase  of  pressure  this  portion 
of  the  bronchus  becomes  stretched.  In  the  case  of  for- 
eign bodies  the  bronchial  dilatation  is  found  not  only 
around  the  body,  but  involving  other  bronchial  branches 
as  well.  The  causes  of  such  dilatations  are  complicated, 
but  the  essential  factor  is  the  production  of  a  peribron- 
chitis. Tuberculosis  and  syphilis  may  give  rise  to  bron- 
chiectases which  are  primarily  dependent  upon  stenoses 
caused  by  the  contraction  of  scar  tissue,  or  are  due  to  in- 
filtrations. Chronic  pneumonia,  whether  following  the 
acute  pneumonias,  or  due  to  syphilis,  pleuritis,  foreign 
bodies,  etc.,  or  primary  of  unknown  origin,  is  of  especial 
importance  in  the  etiology  of  bronchiectasis. 

Symptoms.  —  Cough.— This  is  the  rule.  It  occurs  in 
paroxysms,  usually  at  long  intervals,  almost  always  on 
-  the  patient's  awakening  in  the  morning,  the  paroxysm 
being  repeated  once  or  several  times  during  the  day. 
The  patient  may  be  awakened  by  the  first  paroxysm,  or 
it  may  come  on  after  arising.  Usually  the  patients  know 
■ihe  time  when  the  attacks  may  be  expected.  A  par- 
oxysm may  also  be  precipitated  by  the  patient's  lying 
upon  the  affected  side  and  then  turning  suddenly  into 
another  position.  The  attacks  are  often  very  violent  and 
convulsive,  at  times  completely  depriving  the  patient  of 
breath.  The  frequency  and  severity  of  the  cough  are 
dependent  upon  the  position  and  the  character  of  the 
opening  of  the  dilatation.  As  long  as  the  secretions  are 
retained  within  the  cavity  there  is  no  coughing,  but  when 
these  escape  into  the  neighboring  bronchi  and  alveoli 
paroxysms  are  excited.  When  the  bronchiectasis  is  lo- 
cated in  the  apex  the  secretions  may  pass  continuously 
into  a  vertical  bronchus  and  thus  give  rise  to  almost  con- 
stant coughing. 

ByspiKm.—This  maybe  slight  or  entirely  absent;  it 
usually  increases  in  degree  toward  the  later  stages  of  the 
affection  and  may  become  very  marked.  Ordinarily  it  is 
noticed  only  at  the  time  of  coughing,  or  after  vigorous 
exercise.  It  is  increased  in  the  event  of  acute  catarrhs 
of  the  respiratory  tract,  and  in  the  case  of  the  collection 
of  mucus  in  the  smaller  bronchi.  Persistent  dyspnoea  is 
due  to  some  complication  on  the  part  of  the  heart  or 
lungs. 

Expectoration.— The  attacks  of  coughing  are  attended 
by  expectoration.     This  may  resemble  that  of  any  ordi- 
nary bronchitis,  but  in  the  majority  of  cases  the  expec- 
toration isvery  characteristic  and  of  diagnostic  impor- 
tance.    "With  the  coughing  paroxysm  there  is  a  gush  of 
sputum  so  great  as  to  fill  the  patient's  mouth.     Within 
a  few  minutes  ati  ordinary  sputum  cup  may  be  entirely 
filled.     The  total  amount  of  sputum  may  be  so  great  as 
to  suggest  the  possibility  of  the  perforation  of  an  em- 
pyema into  the  bronchus  or  lung.     Five  to  seven  hun- 
dred cubic  centimetres  may  be  expectorated  within  the 
twenty-four  hours.     With  the  evacuation  of  the  dilata- 
tion the  coughing  usually  ceases,  to  begin  again  as  soon 
as  the  bronchiectasis  fills  up.     Usually  the  sputum  is 
raised  easily,  without  much  effort  or  coughing  but  in 
the  case  of  such  complications  as  pleuritis,  emphysema 
tracheal  or  bronchial  stenosis,  etc.,  the  expectoration  may 
be  very  difficult.     The  position  of  the  patient  is  of  great 
importance;  when  he  lies  upon  one  side  there  may  be 
neither  cough  nor    expectoration,   but   as  soon  as  he 
turns  upon  the  other   side   the   bronchiectasis  begins 
to  empty  Itself  and  the  cough  and  expectoration  are  ex- 
cited. _    Sensations  of  pressure,   fulness,   and  pain  are 
sometimes  felt    before   the  expectoration  takes  place 
particularly  in  the  case  of  children.     Occasionally  these 
symptoms  may  be  very  marked,  lasting  half  an  hour  or 
so  before  the  expectoration  occurs.     The  large  amounts 
of  sputum  and  the  long  periods  between  the  attacks  of 
expectoration  may  be  explained  as  due  to  a  lessened  irri 
tabiliiy  on  the  part  of  the  bronchial   mucosa,  a  larger 
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quantity  of  sputum  being  necessary  to  excite  coughing. 
'The  amount  of  sputum  raised  is  alwaj'S  greater  during 
the  morning  hours.  Toward  the  end  of  the  afifection  the 
total  amount  decreases  as  the  patient  becomes  weaker. 

Sputum. — The  sputum  is  usually  purulent  in  char- 
acter, but  may  be  fetid  or  gangrenous.  When  puru- 
lent it  is  yellowish  and  contains  more  or  less  mucus.  If 
fetid  in  character  the  odor  may  be  extremely  disagree- 
able and  penetrating,  so  that  the  patient's  breath  may 
be  perceived  some  distance  away.  The  patient  himself 
shows  a  remarkable  tolerance  of  the  odor ;  nausea  is  rare- 
ly produced.  In  the  gangrenous  cases  the  sputum  is 
grayish-yellow  or  greenish  in  color.  When  the  compli- 
cation of  gangrene  is  not  present  the  sputum  may  have 
no  putrid  odor,  but  commonly  possesses  a  disagreeable, 
nauseating,  acid  or  sweetish  smell  (pseudogangrene). 
When  collected  in  a  glass  or  cylinder  the  sputum  sepa- 
rates into  two  distinct  layers:  an  upper,  thin,  slightly 
cloudy,  almost  serous  layer;  and  a  lower,  thick,  puru- 
lent layer  containing  caseous  masses.  The  latter  ap- 
pear as  dirty  yellow  plugs  varying  in  size  from  a  mus- 
tard seed  to  a  bean  (plugs  of  Dittrich).  If  the  sputum  be 
put  into  a  tall  cylinder  which  is  half  filled  with  water, 
four  distinct  layers  may  be  seen.  The  uppermost  is 
foamy;  the  one  beneath  this  consists  of  muco-purulent 
masses,  which  hang  down  in  the  form  of  shreds  into  the 
third  layer,  consisting  of  cloudy  water.  The  lowest 
layer  of  water  has  a  grayish-green  appearance. 

Microscopically  the  sputum  is  made  up  of  pus  corpus- 
cles which  may  be  well  preserved  or  contain  fat  droplets. 
In  the  case  of  putrid  decomposition  bacteria,  crystals  of 
fatty  acids,  margarin,  tyrosin,  leucin,  and  triple  phos- 
phates may  be  present.  Blood-pigment  may  also  be 
found.  In  the  case  of  gangrene  elastic  fibres  may  be 
present.  The  caseous  plugs  stain  a  brownish-yellow, 
blue,  or  violet  with  dilute  iodine  solutions.  The  mucin 
content  of  the  sputum  varies  greatly.  Blood  cells  are 
not  infrequently  present. 

Eemorr/Mge.— The  presence  of  blood  in  the  sputum  of 
bronchiectasis  is  not  rare.  The  amount  is  usually  small, 
but  the  hemorrhage  may  be  so  large  or  so  frequently  re- 
peated that  severe  symptoms  or  even  death  may  ensue. 
The  sputum  in  such  cases  may  appear  to  be  chiefly  blood ; 
it  is  rarely  bright-red,  but  is  more  or  less  discolored  by 
the  mixture  with  the  other  elements  of  the  sputum.  The 
smaller  hemorrhages  are  chiefly  of  capillary  origin ;  the 
large  ones  come  from  the  erosion  of  large  vessels  in  the 
wall  of  the  dilatation.  In  ulcerative  conditions  of  the 
wall  the  hemorrhages  may  be  very  severe,  persist  for  a 
long  time,  and  finally  lead  to  death. 

General  Symptoms.— When  secondary  changes  in  the 
heart,  kidneys,  etc.,  are  not  present,  the  general  condition 
of  the  patient  may  be  quite  good  or  fair.  Fever  and 
sweating  are  signs  of  complications.  Occasionally  fever 
may  be  caused  by  the  absorption  of  products  of  decom- 
position from  the  cavity.  In  such  cases  the  fever  does 
not  present  any  distinct  type. 

PJiysical  Signs— Inspeeiion.— The  color  of  the  skin  is 
usually  unchanged.  When  it  is  very  pale  the  underlying 
disease  is  most  likely  to  be  tuberculosis;  when  it  is  cya- 
notic there  is  usually  emphysema  present.  Many  of  the 
patients  lie  upon  their  backs;  others  sit  bending  forward, 
claiming  that  this  prevents  the  swallowing  of  the  sputum. 
When  the  bronchiectasis  is  confined  to  one  side,  the  pa- 
tients usually  lie  upon  the  aif  ected  side,  coughing  and  pro- 
fuse expectoration  being  caused  by  turning  upon  the 
sound  side.  Deformities  of  the  thorax  are  rare,  occurring 
only  in  the  case  of  retraction  of  the  lung,  or  when  ex- 
tensive pleuritic  adhesions  are  associated  with  the  bron- 
chiectasis. Diffuse  or  localized  retraction  of  the  thoracic 
wall  and  curvature  of  the  spine  may  result  from  these  con- 
ditions. When  emphysema  is  present  the  thorax  may  pre- 
sent the  characteristic  barrel  form.  Occasionally  differ- 
ences of  movement  may  be  made  out  between  the  two 
sides.  In  the  case  of  extensive  bronchiectases  of  the  lower 
lobe  of  of  one  side  there  may  be  seen  during  deep  inspira- 
tion a  wave-like  retraction  of  the  intercostal  spaces  pro- 
ceeding from  above  downward.    On  the  affected  side  suet 
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a  movement  is  not  visible.  A  compensatory  empliysema 
of  the  sound  lung  is  always  found  in  such  cases.  Very 
Tarely  it  may  be  seen  that  the  respiratory  movements  on 
the  affected  side  lessen,  and  at  last  wholly  cease  as  the 
bronchiectasis  fills  up,  but  return  after  the  expectoration 
lias  emptied  the  bronchus. 

Among  the  most  common  and  important  of  the  physical 
signs  of  bronchiectasis  are  the  changes  which  take  place 
in  the  distal  phalanges  of  the  hands  and  feet  (drumstick 
Angers).  The  clubbing  of  the  fingers  is  due  to  a  liyjaer- 
trophy  of  the  terminal  portions  of  the  bones  (osteoartlu'o 
pathie  hj'pertrophiante  pneumique),  so  that  the  joints  of 
the  phalanges,  the  carpal  joints,  and  even  the  wrist  joint 
may  be  greatly  thickened.  These  changes  take  place  in 
association  with  chronic  cyanosis  and  appear  to  be  de- 
pendent upon  the  latter.  They  are  also  fovmd  in  other 
conditions  than  bronchiectasis,  particularly  in  the  con- 
genital heart  lesions;  hxit,  Bamberger  has  attempted  to 
show  that  the  change  in  bronchiectasis  is  characteristic  of 
this  affection,  in  that  it  is  a  painful  hypertrophy  of  the 
epiphyses. 

Percussion. — The  percussion  phenomena  of  bronchiec- 
tasis vary  greatly,  being  dependent  upon  the  size  of  the 
dilatation,  the  quantity  of  fluid  present  in  it,  its  distance 
from  the  chest  wall,  and  the  character  of  the  changes  in 
the  surrounding  lung  tissue.  Dulness  or  a  tympanitic  tone 
may  be  obtained,  or  both  alternately,  according  as  the 
cavity  contains  fluid  or  air.  A  tympanitic  tone  with 
change  of  pitch  on  opening  and  closing  the  mouth  may 
"be  noted,  as  well  as  change  of  tone  on  change  of  position, 
the  cracked-pot  sound,  metallic  tones,  etc.,  according  to 
the  conditions  present.  About  the  areas  showing  such 
signs  of  cavity  the  tone  may  be  resonant;  in  the-case  of 
tuberculous  cavities  it  is  always  dull.  The  dislocation 
of  the  neighboring  organs,  pleuritic  thickenings,  adhe- 
sion, etc.,  may  also  be  shown  by  percussion. 

Auscultation. — The  vesicular  murmur  is  weakened  or 
absent,  being  replaced  by  a  bronchial  blowing.  The 
cylindrical  dilatations  give  a  soft  bronchial  sound,  and 
when  containing  fluid  they  yield  also  moist,  coarse  bub- 
bling r61es.  The  saccular  dilatations  give  both  the  per- 
cussion and  auscultation  signs  of  a  cavity,  particularly 
large,  moist,  bubbling  rales. 

Complications. — The  most  frequent  and  dangerous 
complication  is  the  putrid  or  gangrenous  decomposition 
of  the  contents  of  the  dilatation.  Pleuritis,  peribron- 
chitis, bronchopneumonia,  chronic  pneumonia,  chionic 
bronchitis,  lobar  pneumonia,  emphysema,  chronic  laryn- 
gitis, renal  and  cardiac  affections,  dropsy,  albuminuria, 
cirrhosis  of  the  liver,  etc.,  may  be  associated  with  bron- 
chiectasis or  appear  as  sequete.  Metastatic  abscesses 
may  occur  In  the  brain,  spinal  cord,  etc. ;  there  may  also 
be  rheumatic  joint  affections.  There  arises  in  these  cases 
a  suspicion  of  the  occurrence  of  a  general  pyaemia  infec- 
tion. Perforation  of  the  dilatation  into  the  pleural  cavity 
leads  to  the  development  of  a  pyopneumothorax.  In 
old  chronic  cases  of  long  duration  amyloid  degeneration 
of  liver,  spleen,  and  kidneys  may  be  found.  Tubercu- 
losis is  a  fairly  common  complication.  The  heart  is 
usually  affected,  hypertrophy  and  dilatation  of  the  right 
ventricle  occurring  in  the  majority  of  cases.  The  cardiac 
changes  are  due  partly  to  disturbances  in  the  pulmon- 
ary circulation,  partly  to  the  accompanying  condition  of 
chronic  intoxication,  partly  to  local  changes  in  the  thorax, 
and  partly  to  coincident  renal  changes. 

Duration  and  Course.— Bronchiectases  may  remam 
stationary  for  years,  the  only  symptoms  being  those  of 
a  chronic  bronchitis.  As  a  rule  the  dilatation  gradually 
increases  during  this  time  without  an  Increase  in  the 
symptoms.  "With  the  advent  of  fresh  catarrhs  emphy- 
sema gradually  develops,  the  shortness  of  breath  beconies 
more  marked,  and  the  patient  may  become  cyanotic. 
The  right  heart  becomes  hypertrophic  and  finally  dilated. 
Putrid  bronchitis  and  gangrene  may  occur ;  from  these 
the  patient  may  recover  for  a  time,  or  death  may  take 
place.  As  a  rule  the  condition  runs  for  a  long  time; 
amyloid  disease  of  the  kidneys  may  finally  result  and  the 
patient  becomes  dropsical.     After  alternating  periods  of 


improvement  and  exacerbation,  extending  over  a  long 
period,  the  disease  is  brought  to  an  end  by  some  one  of 
the  complications. 

Diagnosis. — The  differential  diagnosis  of  bronchiec- 
tasis from  its  complications  is  sometimes  very  difficult. 
The  absence  of  the  tubercle  bacillus  will  distinguish  it 
from  tuberculosis.  When  the  latter  procesa  Is  combined 
with  bronchiectasis  the  character  of  the  sputum,  the  age 
of  the  patient,  position  of  the  cavity,  habitus,  etc.,  are 
points  to  be  considered  in  the  differential  diagnosis.  The 
history  of  the  case  is  of  greatest  importance.  It  may  be 
taken  as  a  guiding  principle  that  tuberculosis  may  lead 
to  a  bronchiectasis,  but  that  a  bronchiectasis  rarely  be- 
comes tuberculous.  Actinomycotic  cavities  may  be  dis- 
tinguished by  the  presence  of  the  fungus  in  the  sputum. 
The  rare  localization  in  the  lung  of  hydatids  may  also  be 
easily  diagnosed  by  the  findings  in  the  sputum.  Prom 
pulmonary  gangrene,  abscess,  putrid  bronchitis,  inter- 
stitial pneumonia,  pyopneumotliorax,  etc.,  the  differen- 
tiation is  often  impossible.  The  physical  signs  of  cavity 
are  of  the  greatest  importance  in  so  far  as  the  differen- 
tiation between  processes  with  cavity  formation  and 
those  without  is  concerned.  Much  was  expected  from 
the  use  of  a;-rays  in  the  diagnosis  of  bronchiectasis,  but 
these  expectations  have  not  been  realized.  Only  in  the 
case  of  extensive  peribronchial  thickenings  may  aid  be 
looked  for  by  the  use  of  a:- rays. 

Treatment. — In  very  rare  cases  self-healing  of  the 
bronchiectasis  may  take  place.  In  children  this  may  fol- 
low the  cure  of  catarrhal  bronchitis  and  the  restoration 
of  normal  conditions  of  pressure.  In  extremely  rare 
cases  the  bronchial  cavity  may  be  obliterated  by  adhe- 
sion of  the  walls  of  the  cavity  or  through  the  formation 
of  granulation  tissue.  Since  In  the  great  majority  of 
cases  such  healing  is  Impossible,  the  prophylactic  treat- 
ment becomes  of  prime  importance.  The  conditions 
(pleuritis,  pneumonia,  etc.)  which  lead  to  bronchiectasis 
should  be  appropriately  treated  with  a  view  to  the  pre- 
vention of  such  dilatations.  After  the  development  of 
bronchiectases  the  chief  therapeutic  indication  is  to  keep 
the  contents  of  the  dilatation— so  far  as  lies  in  our  power 
— aseptic.  This  can  be  perfeotljr  accomplished  only  by 
residence  in  an  atmosphere  containing  no  bacteria.  Re- 
moval of  the  patient  to  a  suitable  climate  is  the  best 
means  of  avoiding  the  various  complications  of  the  affec- 
tion. "When  this  cannot  be  done  the  treatment  becomes 
chiefly  symptomatic  and  largely  directed  to  antiseptic 
procedures.  Inhalations  of  creosote,  turpentine,  menthol, 
eucalyptus,  etc.,  and  creosote  vapor  baths  are  recom- 
mended for  this  purpose.  A  number  of  writers  speak 
favorably  of  the  creosote  vapor  baths.  These  are,  how- 
ever, unpleasant  and  slow  in  operation,  and  do  not  al- 
ways succeed  in  'lessening  the  amount  of  the  sputum. 
The  crude  creosote  appears  to  be  more  effective  than  the 
various  substitutes  (vapo-cresoline,  refined  creofeote,  sol- 
uble cresol,  etc.)  which  have  been  advised.  Other  writ- 
ers have  found  success  with  guaiacol  vapor  baths  after 
failing  with  creosote.  The  ordinary  methods  of  giving 
such  inhalations  may,  however,  be  a  source  of  infection, 
as  many  of  the  forms  of  inhalation  apparatus  used  are 
dirt  traps. 

Intralaryngeal  injections  of  menthol,  guaiacol,  etc., 
have  been  advised  by  Rosenberg,  Stewart,  Campbell,  and 
others,  but  are  condemned  by  various  writers  because 
they  give  rise  to  constitutional  disturljances,  fever,  and 
violent  cough. 

Subcutaneous  injections  oi  guaiacol  (1  in  5)  and  creosote 
(1  in  5)  in  olive  oil  have  also  been  recommended.  They 
may  give  rise  to  inflammation  and  necrosis  at  the  point 
of  injection. 

Intravenous  injections  of  formalin  (25-50  c.c.  of  a  1 
In  2,000  solution  of  formalin  in  docinormal  salt  solution) 
have  also  been  tried  without  success. 

Injections  of  carbolic  acid  and  menthol  directly  into 
the  bronchiectatic  cavity  have  also  been  suggested. 

Murphy's  method  of  filling  the  pleural  cavity  with  air 
or  nitrogen  to  such  an  extent  as  to  cause  a  collapse  of  the 
bronchial  cavity  has  been  tried  with  some  success. ,   The 
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air  should  of  course  be  thoroughly  sterilized.  About 
170  c.c.  of  air  or  nitrogen  are  injected  every  second  or 
third  day. 

Inhalations  of  oxygen  may  aid  in  reducing  the  odor  of 
the  sputum.  Symptomatic  treatment  with  expectorants 
(apomorphine,  senega,  ipecacuanha,  etc.)  may  at  times 
give  relief  or  temporary  improvement.  Hemorrhage 
should  receive  appropriate  treatment. 

Inasmuch  as  the  medical  treatment  is  usually  without 
avail,  much  had  been  hoped  from  surgical  intervention 
in  the  treatment  of  bronchiectasis.  This  has  now  been 
given  a  very  extensive  trial,  with  complete  failure  in  the 
majority  of  cases,  and  only  partial  success  in  the  others. 
These  unsatisfactory  results  are  easily  understood  when 
we  consider  the  facts  that  the  dilatations  are  often  multi- 
ple and  bilateral,  and  that  the  pulmonary  tissue  is  usually 
extensively  diseased.  Dangerous  hemorrhages  may  re- 
sult, and  anaesthesia  is  in  itself  attended  with  danger  in 
these  cases.  The  uncertainty  of  the  physical  signs  also 
contributes  to  the  unsatisfactory  results.  Puncture  of 
the  bronchiectatic  cavity  with  a  trocar  and  drainage,  in- 
cision and  drainage,  cauterization  of  the  cavity,  etc.,  are 
among  the  operative  procedures  advised.  From  the 
cases  thus  treated  which  have  been  so  far  reported,  it 
would  seem  that  under  favorable  conditions  of  life  the 
outlook  for  patients  with  bronchiectasis  is  more  favor- 
able without  operation  than  with  it.  Improvement  of 
the  technique  of  operations  upon  the  lung  may  lead  to 
better  results. 

The  postural  treatment  of  bronchiectasis  is  strongly 
recommended  by  Ewart  (Lancet,  1901).  While  not  re- 
garding it  as  curative  in  advanced  cases,  he  holds  that  no 
other  treatment  is  so  simple,  so  rational,  and  so  effective. 
In  a  case  so  treated  the  relief  afforded  the  patient  was 
striking;  the  persistent  pyrexia  stopped,  and  the  gushing 
character  of  the  expectoration  ceased.  Ewart  advises  a 
continuous  elevation  of  the  foot  of  the  bed  of  from  twelve 
to  fourteen  inches.  For  brief  periods  a  greater  elevation 
may  be  resorted  to  with  benefit. 

Prognosis.— In  so  far  as  a  cure  is  concerned  the  prog- 
nosis m  any  well-established  case  of  bronchiectasis  is  bad 
Jixcept  in  rare  cases  no  method  of  treatment  at  present 
employed  is  of  avail  in  effecting  a  cure.  Some  of  the 
more  acute  cases  in  young  persons  may,  however  be 
cured.  In  the  chronic  cases  our  present  methods  of  treat- 
ment can  only  relieve  the  distress  of  the  affection  and 
prolong  life.  Aldred  Scott  Warthin. 

BUXTON.— Buxton,  situated  in  the  Peak  district  of 
Derbyshire,  England,  at  an  elevation  of  about  1,000  feet 
above  sea-level,  is  a  pleasant  and  popular  resort  in  the 
midst  of  beautiful  scenery,  frequented  not  only  on  ac- 
count of  Its  baths  but  as  well  on  account  of  its  fine  bracing 
air  and  attractive  situation.  There  are  numerous  and 
interesting  excursions  in  the  environs,  of  both  scenic  and 
historic  interest.  Chatsworth  and  Haddon  Hall  for  ex- 
ample, are  within  easy  access. 

Like  Bath,  which  it  also  resembles  in  its  waters 
Buxton  was  known  to  the  Romans ;  was  visited  bv 
Mary  Queen  of  Soots  ;  and  has,  for  a  very  long  period 
maintained  a  high  rank  as  a  prosperous  and  populai^ 
health  resort  and  spa.  Unlike  Bath,  however  Buxton 
is  a  summer  resort  principally,  the  season  extending 
from  May  to  September.  The  air  is  cool  and  invigorat- 
ing. 1<  or  July,  during  a  period  of  ten  years'  observllion 
the  mean  maximum  temperature  was  65  1°  F  and  the 
mean  minimum  48.4°  F.  There  is  considerable  rain,  the 
yearly  mean  being  4G.1>  inches. 

The  waters  of  Buxton  are  of  the  simple  thermal  variet  v 
of  a  natural  temperature  of  82°  F.  They  are  very  weakly 
mineraized,  slightly  alkaline,  .oft,  and  contain  in  solu 
tion  nitrogen  gas  m  arger  amounts  than  is  present  in 
other  springs  of  the  kind.  The  color  of  the  water  is  of  a 
beautiful  blue  tint.  '  Besides  the  simple  thermal 
waters,  there  is  a  weak  chalybeate  water  used  both  for 
drinking  and  as  an  application  to  the  evos  Thesp 
waters  are  employed  both  for  drinking  and  baths 
Ihere  is  a,  handsome  "pump  room"  for  drinking  the 
waters  and  two  bath  establishments,  one  in  which  the 
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water  is  used  at  its  natural  temperature,  and  one  in 
which  the  water  is  heated  to  any  temperature  desired. 
The  usual  varieties  of  baths  are  afforded  here — douches, 
vapor,  needle,  and  massage  baths.  There  are  also 
arrangements  by  which  cripples  are  lowered  into  the 
waters. 

The  effects  obtained  by  the  use  of  thermal  waters 
Uke  those  of  Buxton  are  derived  chiefly  from  their 
skilful  application  rather  than  from  any  mineral  ingre- 
dients they  possess,  together  vdth  the  careful  ordering 
of  one's  habits  of  living  in  regard  to  diet,  exercise, 
fresh  air,  and  rest.  Much  of  the  benefit  obtained  by  a 
visit  to  such  spas  as  Buxton  depends  undoubtedly  upon 
the  change  from  one's  usual  routine  of  life  and  the  pleas- 
ant surroundings  of  the  spa. 

The  diseases  and  conditions  which  are  benefited  by 
the  waters  of  Buxton  are  gout  and  gouty  affections, 
rheumatism,  diseases  of  the  skin  dependent  upon  a 
gouty  diathesis.  Joint  stiffness  ancl  pain  resulting 
from  an  attack  of  rheumatism  are  also  relieved  by  the 
application  of  the  hot  water  in  the  form  of  the  douche 
massage,  and  the  various  baths  which  promote  the  ab- 
sorption of  morbid  products  and  thus  relieve  the  con- 
sequent disability. 

The  contraindications  are:  (a)  febrile  conditions;  (6) 
advanced  valvular  disease  of  the  heart,  feeble  or  fatty 
heart  or  atheromatous  vessels;  (c)  advanced  disease  of 
the  kidneys;  (d)  extreme  debility;  (e)  advanced  disease 
of  the  lungs;    (/)  plethora,  or  an  inchnation  thereto. 

The  general  action  of  the  waters  is  said  to  be  stimulat- 
ing, alterative,  depurant,  and  diuretic.  Upon  the  skin 
they  exercise  a  detergent  effect,  improving  its  tone  and 
function.  Excretion  of  urea  and  uric  acid  is  said  to  be 
increased.  In  beginning  a  course  of  baths  there  may 
toUow  certain  nervous  or  circulatory  disturbances,  such 
as  insomnia,  giddiness,  palpitation,  and  sometimes 
shght  fever  with  increased  pain  and  stiffness  in  the  joints, 
but  these  effects  soon  pass  away. 

The  natural  baths,  i.e.,  at  a  temperature  of  82°,  are 
given  from  four  to  seven  minutes,  and  the  hot  baths, 
those  artificiaUy  heated,  from  four  to  fifteen  minutes. 
Alter  the  bath  the  patient  is  wrapped  in  hot  towels  and 
dried  by  gentle  rubbing.  After  the  natural  bath  a. 
brisk  walk  is  recommended. 

There  are  the  usual  means  of  amusement— theatre, 
concert-hall,  reading-room,  tennis,  golf,  conservatories, 
etc.  Ihe  accommodations  are  good,  consisting  of  nu- 
merous hotels  and  boarding-houses. 

Buxton  is  reached  in  four  and' one-half  hours  from 
I^°"don.  Edward  O.  Olis. 

,  CAMPHOR,  POISONING  BY.— An  unwarranted  belief 
in  the  innocuousness  of  camphor  prevails  in  the  commu- 
nity, referable,  probably,  to  the  safety  with  which  it  is 
used  as  an  external  domestic  remedy  for  minor  ailments 
and  to  Its  agreeable  odor.  This  should  not,  however 
blind  the  physician  to  its  real  and  serious  dangers  when 
taken  internally;  for  it  may  act  as  a  poison  cither  when 
eaten  frequently  in  small  quantities,  as  for  headaches  or 
colds,  or  when  swallowed  accidentally  or  intentionally 
once  or  more  in  large  amount.  It  is  true  that  fatal  cases 
are  very  rare,  but  the  symptoms  are  often  most  alarming 
even  when  recovered  from.  The  lethal  dose  of  camphor- 
is  difficult  to  determine.  The  smallest  dose  known  to 
have  produced  violent  symptoms  in  an  adult  is  1.3  gm  • 
the  largest  dose  known  to  have  been  recovered  from  is  15 
gm.  (Kunkel,  Blyth).  Camphorated  liniments  swallowed 
by  mistake  have  frequently  been  the  cause  of  severe 
cases  of  poisoning,  the  fact  of  the  drugbeing  in  alcoholic 
solutiou  allowing  it  to  be  absorbed  aud  disseminated 
through  the  system  more  rapidly  aud  in  larger  quantity 
than  when  swallowed  in  the  solid  form.  The  histories 
which  I  shall  presently  cite  illustrate  further  the  usual 
sequence  of  symptoms,  and  such  relations  as  the  early 
or  late  supervention  of  convulsions  to  the  occurrence  or 
absence  of  vomiting,  this  depending  upon  whether  any 
large  proportion  of  what  was  swallowed  remained  long 
in  the  stomach  in  a  comparatively  insoluble  condition  or 
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was  promptly  taken  into  the  circulation.  Attention  is 
also  called  to  the  statement  that  when  camphor  has  been 
swallowed,  what  is  absorbed  undergoes  such  a  transfor- 
mation that  the  odor  of  it  is  not  appreciable  in  the  urine 
or  fseces  (Kunkel) ;  sometimes  not  even  in  the  breath  of 
the  patient.  Still,  other  authorities  declare  that  the  bodies 
of  those  dying  smell  strongly  of  the  drug. 

Full  doses  of  camphor  produce  markedly  exciting 
effects  upon  the  brain  and  the  medulla,  especially  when 
an  alcoholic  solution  has  been  taken  which  favors  rapid 
absorption.  The  earliest  evidences  of  this  stimulation 
are  flushing  of  the  face,  a  rapid  succession  of  ideas,  per- 
haps agreeable  hallucinations,  with  a  sense  of  lightness 
of  motion  and  a  desire  to  dance,  in  fact  an  intoxication. 
These  manifestations  are  transient  and  may  soon  be  fol- 
lowed by  tonic  cramps  and  epileptiform  convulsions. 
To  these  may  succeed  sometimes  paroxysmal  tonic  and 
clonic  cramps  with  movements  of  rotation,  followed  by 
paralysis;  or  again  deafness  passing  into  sopor,  coma, 
and  death,  the  parts  of  the  nervous  system  which  are 
first  excited  being  apparently  finally  paralyzed.  The 
temperature  is  lowered,  but  the  pulse  and  respiration 
vary  (Brunton,  Husemann).  If  the  patient  recovers,  the 
memory  is  apt  to  be  wanting  for  some  hours.  There  are 
no  characteristic  lesions  after  death. 

The  following  cases  are  fairly  typical  of  poisoning  by 
camphor:  Da  vies  reports  being  called  at  3  a.  m  to  a  child 
of  two  years  and  eight  months,  who  had  swallowed  solid 
camphor.  He  found  it  pale,  with  blue  lips,  a  rapid 
pulse,  and  suffering  from  severe  convulsions.  Vomiting 
"was  induced  and  the  ejecta  smelled  strongly  of  camphor. 
The  child  soon  recovered  in  part  from  its  condition  of 
collapse,  but  the  convulsions  continued,  and  in  the  inter- 
vals the  patient  was  semicomatose.  A  stomach-pump 
was  then  used  and  the  stomach  washed  out  with  warm 
water,  procuring  some  relief.  In  five  hours  castor  oil 
was  given,  also  bromide  of  potassium,  three  grains  every 
three  hours.  Still  no  improvement;  the  convulsions  con- 
tinued all  night  and  the  child  died  at  9  a.m.  of  the  next 
day.  The  amount  of  camphor  taken  was  probably  half 
a  drachm.  From  its  being  solid  the  stomach-pump  could 
not  act  upon  it  effectively. 

Craig  reports  that  a  man  who  was  a  hypochondriac  ate 
about  three .  drachms  of  pure  camphor.  About  half  an 
hour  after  swallowing  it  he  was  seized  with  giddiness  and 
nausea,  staggered  on  rising  and  seemed  likely  to  fall. 
Still  he  was  unable  to  vomit,  and  was  relieved  by  drink- 
ing some  water.  He  was  free  from  pain,  and  lay  down 
with  a  drowsy  ringing  in  the  ears.  In  three-quarters  of 
an  hour  the  giddiness  and  nausea  had  gone,  but  he  felt  as 
if  he  had  been  taken  from  his  feet  and  were  being  carried 
through  the  air.  He  sat  down  at  the  dinner  table,  but  be- 
came suddenly  unconscious.  He  had  general  convulsions, 
which  soon  ceased,  and  the  reporter  says  there  was  no 
deviation  of  the  eyeballs,  pupils  equal  and  small  and  not 
reacting  to  light,  knee-jerks  exaggerated ;  breathing  rapid, 
cyanosis  followed  by  pallor.  He  was  not  unconscious  for 
over  five  minutes.  There  was  no  odor  of  camphor  in  the 
breath.  About  two  hours  and  a  half  after  taking  the 
camphor  he  vomited  copiously,  and  brought  up  no  blood 
and  some  camphor.  There  was  no  retention  of  urine. 
His  memory  was  affected  for  an  hour  after  other  symp- 
toms had  disappeared. 

Honman  reports  the  case  of  a  girl  of  eighteen,  to  whom 
he  was  called  at  11  a.m.  She  was  in  the  habit  of  eating 
camphor.  He  found  her  unconscious  and  irritable,  with 
dilated  pupils,  cold  extremities,  pale  face,  epigastrium 
sensitive  to  pressure,  pulse  thready  and  uncountable,  and 
the  breath  smelling  distinctly  of  camphor.  The  stomach 
was  washed  out  after  an  unsuccessful  attempt  to  produce 
vomiting  by  sulphate  of  zinc.  Ether  was  given  subcu- 
taneously  with  immediate  improvement.  It  was  learned 
that  she  had  had  camphor  in  her  hand,  and  had  offered 
it  to  her  roommate  at  bedtime.  She  had  vomited  during 
the  night  and  had  taken  brandy  and  water  about  8  a.m. 
Convulsive  movements  now  began  and  extended  from  the 
lower  extremities  to  the  body  and  upper  limbs.  The 
temperature  rose  to    100.3°  F.,   and  the  pupils  were 


dilated.  She  died  at  about  8  a.m.  the  next  day.  At  the 
autopsy  the  only  finding  attributed  to  camphor  poison- 
ing was  a  high  degree  of  congestion  of  the  vessels  of  the 
dura  mater  and  surfaces  of  the  brain.  The  government 
analyst  reported  a  small  quantity  of  camphor  in  the 
stomach,  but  it  is  observed  that  none  of  the  ejecta  or  de- 
jecta had  been  saved  prior  to  the  doctor's  arrival  at  11 

A.M. 

In  regard  to  the  treatment  of  poisoning  by  camphor,  the 
most  important  precept  laid  down  is  the  earliest  possible 
emptying  of  the  stomach  by  tube,  stomach-pump,  or 
emetic.  Hypodermic  injections  of  brandy  or  ether  may 
be  used,  with  perhaps  the  alternate  hot  and  cold  douche. 

J.  Haven  Emerson. 
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CANTHARIDES,  POISONING  BY.— The  poisonous 
action  of  this  drug  is  ascribed  chiefly  to  the  proximate 
principle  cantharidin,  which  is  from  twenty-five  to 
thirty  times  as  active  as  the  powder.  As  the  unassayed 
powder  or  the  tincture  is  the  form  in  which  it  is  most  apt 
to  have  been  taken,  it  is  difficult  to  determine  the  fatal 
dose  of  cantharidin.  Blyth  states  that  a  young  woman 
died  from  twenty-five  grains  of  the  powder,  probably 
equal  to  one  grain  of  cantharidin,  while  the  smallest  dose 
of  the  tincture  known  to  be  fatal  (Taylor)  is  an  ounce, 
equivalent  to  gr.  y\%  of  the  proximate  principle.  Poison- 
ous effects  may  also  follow  from  external  applications  of 
the  drug,  in  which  they  result  from  absorption,  especially 
in  feeble  persons  and  children.  Blyth  says  that  the  popu- 
lar idea  of  the  influence  of  cantharides  as  an  aphrodisiac 
holds  good  only  as  to  the  entire  cantharides,  and  not  as 
to  cantharidin,  and  he  considers  it  probable  that  can- 
tharidin is  not  the  only  proximate  principle  in  the  insect. 
It  is  also  stated  that  cantharides  may  be  eaten  with  im- 
punity by  fowls,  while  the  flesh  of  the  latter  may  produce 
symptoms  of  poisoning  if  eaten  by  liuman  beings.  Ogier 
tells  us  that  a  fatal  result  may  follow  poisoning  by  this 
drug  after  as  long  an  interval  as  twenty -four  hours ;  also 
that  proof  of  the  cause  of  death  may  be  found  in  the 
presence  in  the  intestine  of  minute  glistening  particles  of 
the  insect.     Fatal  cases  are  rare. 

The  symptoms  due  to  poisonous  doses  are  given  as  fol- 
lows by  Husemann,  Kunkel,  and  Blyth :  They  are  shown 
in  disturbances  of  respiration  and  in  convulsions  from  in- 
volvement of  the  nervous  system,  often  with  headache, 
dizziness,  stupor,  and  delirium.  In  the  alimentary  canal 
there  appear  at  once  burning  in  the  mouth  and  throat 
followed  by  pain  on  swallowing,  salivation,  vomiting, 
and  diarrhcea,  while  there  develop  intense  irritation, 
pain,  and  a  condition  of  inflammation  of  tlie  kidneys  and 
urinary  passages,  in  consequence  of  which  occur  in  the 
urine  albumin,  casts,  pus,  and  blood,  with  catarrh  and 
croupous  deposits  from  the  vesical  mucous  membrane. 
These  are  associated  with  strangury,  dysuria,  painful 
erections,  and  priapism.  Sometimes  pregnant  women 
have  aborted. 

The  following  fatal  case  is  reported  by  Lh6te  and 
Vibert.  A  man  of  about  sixty  tooli  a  quantity  of  can- 
tharidin, estimated  at  about  75  cgm.  He  died  twelve  to 
fourteen  hours  afterward,  the  symptoms  presented  not 
being  accurately  known.  Autopsy  four  days  post  mor- 
tem. The  lungs  were  much  congested ;  there  was  a  little 
froth  in  the  bronchi.  Stomach  empty ;  mucosa  actively 
congested.  Kidneys  large,  turgesoent,  and  extremely 
congested ;  several  large  sanguineous  effusions  under  the 
capsule ;  cortical  and  medullary  substances  gorged  with 
blood  and  the  mucosa  of  the  calices  and  pelvis  strongly 
injected.  Bladder  contained  4-5  c.c.  of  bloody  urine; 
mucosa  strongly  congested  and  of  an  intense  red;  no 


461 


Carotid  Glaud. 
Chylotliorax. 


REFERENCE  HANDBOOK   OF  THE  IMEDICAL  SCIENCES. 


ulcerations  but  many  ecchymoses.  Mucosa  of  the  ure- 
thra likewise  congested.  On  microscopical  examination 
of  the  kidneys  the  glomeruli  were  found  detached  from 
their  capsules,  and  separated  from  them  by  an  exudate, 
in  the  midst  of  which  were  seen  at  certain  points  nu- 
merous round,  nucleated  cells.  In  the  convoluted  tubes 
the  epithelial  cells  appeared  glued  together ;  they  filled 
and  distended  the  tubes.  A  material  extracted  froni  the 
viscera  produced  upon  animals  the  effects  of  canlharidin, 
and  its  chemical  reactions  were  characteristic  of  that  sub- 
stance. 

The  treatment  of  poisoning  by  cantharides  must  be 
symptomatic.  The  stomach  should  be  evacuated,  the 
stomach-pump  or  tube  being  used  tor  the  purpose  if  the 
mouth  and  throat  are  not  inflamed ;  if  they  are  inflamed, 
apomorphine  should  be  injected  hypodermically  or  an 
emetic  should  be  given.  Opium  and  hot  sitz  baths  should 
be  used  to  allay  pain  and  strangury,  and  water  and  mu- 
cilaginous drinks  given  freely,  but  fats  and  oils  are  to  be 
avoided. 

J.  Haven  Emerson. 
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CAROTID  GLAND.— (Synonyms:  Ganglion  inter- 
caroticum ;  Glandula  carotica ;  Glomeruli  arteriosi  in- 
tercarotici;   Nodulus  intercaroticus.) 

This  little-known  organ  lies  in  the  bifurcation  of  the 
common  carotid  artery,  generally  near  the  posterior 
side  of  the  internal  carotid  just  as  it  comes  off  the  main 
trunk.  In  size  it  averages  5  mm.  in  length,  2  to  5  mm. 
in  thickness,  and  3  mm.  in  breadth  (Gomez) ,  varying  con- 
siderably. Because  of  its  great  vascularity  the  color  is 
pink.  For  some  time  it  was  thought  to  be  an  epithelial 
organ  developed  similarly  to  the  thyroid  and  thymus 
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from  the  branohia  clefts,  but  further  stvidv  .showed  it 
to  be  of  entirely  different  origm  and  nature  Its  em- 
bryonal origin  IS  later  than  the  thyroid  and  thvmus 
and  u  IS  in  no  way  related  to  them,  for  it  ari.sfs  directlv 
from  the  primary  w^scxiXavanlage,  and  therefore  is  not 
an  epithehal,  but  a  perithelial,  structure.     The  first  step 
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in  its  formation  consists  of  a  cellular  thickening  of  the 
external  posterior  portion  of  the  periphery  of  the  em- 
bryonal carotid.  At  this  time  the  cells,  of  epithelioid 
type,  are  not  distinguishable  from  the  cells  of  the  vessel 
wall  itself,  and  the  gland  anlage  is  recognized  merely  as 
a  thickening  of  the  cell  mass  at  this  point.  This  entire 
nodule  is  surrounded  by  the  adventitia,  and  over  it  run 
nerve  bundles  from  the  vagus  and  cervical  sympathetic. 
Very  early  in  its  development  capillary  vessels  derived 
from  the  common  carotid  at  its  bifurcation  enter  the 
cell  mass,  and  soon  form  glomerule-like  collections, 
which  with  the  rapidly  increasing  cell  growth  soon  dis- 
tinguish the  gland  from  the  vessel.  It  increases  in  size 
until  the  third  decade. 

In  the  adult  the  carotid  gland  shows  a  lobular  struct- 
ure. From  the  connective-tissue  capsule,  bands  pass 
into  the  organ,  carrying  many  vessels  and  nerves,  and 
dividing  it  into  lobules,  which  vary  in  number  from 
three  to  twelve.  In  turn  the  lobules  are  composed  of 
small  "  cell  balls,"  which  really  form  the  unit  of  its 
structure.  These  consist  of  a  glomerule-like  tuft  of 
capillaries  that  unite  to  form  a  vein.  Surrounding  the 
capillaries  are  the  cells  of  the  organ,  arranged  in  cords 
or  trabeculte,  although  this  arrangement  is  not  at  all 
evident  in  ordinary  preparations.  The  number  of  cells 
about  individual  vessels  varies  greatly ;  sometimes  there 
is  quite  a  wall  of  epithelioid  cells,  with  finely  granular 
cytoplasm,  oval  nucleus,  and  a  nucleolus,  but  often 
there  is  but  a  single  layer  of  cells  about  a  vessel,  or  the 
vessels  may  be  separated  merely  by  a  loose  reticular 
interstitial  connective  tissue.  In  this  reticular  tissue 
are  frequently  single  cells  of  the  same  type.  Often  the 
parenchyma  cells  show  a  considerable  degree  of  vacuoli- 
zation, particularly  in  the  old.  According  to  Gomez 
there  are  two  types  of  parenchyma  cells,  differing  in  the 
amount  of  chromatin  and  the  size  of  the  nucleus.  It  is 
said  that  with  age  the  typical  structure  becomes  less  and 
less  evident,  accompanied  by  more  or  less  disappearance 
of  these  special  cells,  and  increase  of  the  fibrous  tissue. 
The  structure  of  the  carotid  gland  is  quite  similar  to 
that  of  the  coccygeal  gland. 

The  function  of  the  carotid  gland  is  al- 
together unknown.     It  seems  to  have  been 
the  subject  of  but  little  investigation  except 
by   histopathologists.      It    is    undoubtedly 
closely  related  to  the  sympathetic  nervous 
system,  as  shown  by  the  number  of  ganglion 
cells    and   nerve   fibres    from   the    cervical 
ganglia,  and  by  the  presence  of  the  same 
cells  with  affinity  for  chromic  acid  and  its 
salts,  the  so-called  "  chromo- 
phile  "  cells  that  are    found 
also  in  the  sympathetic  glands, 
adrenal,  and  coccygeal  gland. 
In  the  few  recorded  cases  of 
tumors  of    this    gland  there 
have  been  no  symptoms  that 
could  be  considered  indicative 
of  any  function,  and  the  uni- 
lateral resection  of  the  gland 
in  these  cases  has  been  fol- 
lowed by  no  symptoms  what- 
ever.    Extracts   from    the 
gland  are    said    to  raise  the 
blood  pressure  greatly. 

Pathology.  —  Except  for 
tumor  growths  there  seem 
to  be  few  records  of  patho- 
logical  alterations  in  this 
organ,  probably  because  it 
escapes  observation  through 
its  location  and  its  minute 
size.  Gomez  found  that  it  shows  a  sclerosis  in  direct 
proportion  to  the  amount  of  sclerosis  in  the  carotid 
artery,  whether  senile  or  syphilitic ;  in  acute  infectious 
diseases  it  rarely  shows  parenchymatous  degenera- 
tion; no  other  lesions  were  observed  in  some  fifty  au- 
topsies. 


con-espondlng  vein ;  B,  balls  ol  cells ;  C, 
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Carotid  Gland. 
Clijlotliorax. 


Keene  and  Funke  were  able  to  collect  in  the  literature 
from  1891  to  1906  reports  of  27  cases  of  tumors  of  the 
carotid  gland  which  had  been  operated  upon,  besides 
two  observed  at  autopsy.     Of  these  27  cases,  17  were 


Tig.  5134.— Section  of  a  Lobule  of  the  Carotid  Gland.  X  520.  From  a  man  tirty  years  of 
age.  (After Schaper.)  n,  Smallest  arteriole;  h,  connective-tissue  reticuluiti ;  c,  capil- 
laries ;  cl,  nuclei  of  stroma ;  (/,  protoplasmic  network ;  t,  nuclei  of  gland  cells. 


observed.  They  are  commonly  localized  by  a  well-defined 
capsule,  divided  by  fibrous  septa,  and  the  color  is  ex- 
tremely variable.  The  tumor  is  rather  firmly  fixed,  be- 
cause of  its  relation  to  the  carotids,  and  for  the  same 
reason  it  frequently  transmits  pulsa- 
tion which  has  led  to  a  diagnosis  of 
aneurism.  In  the  other  cases  tubercu- 
lous cervical  glands  and  thyroid  tumor 
have  been  suspected.  The  diagnosis 
has  usually  been  made  only  at  opera- 
tion, when  the  location  of  the  tumor 
in  the  bifurcation  of  the  carotid  is 
quite  characteristic.  Clinically  this 
relation  to  the  artery,  the  slow  growth 
in  the  early  lii-story,  the  elastic  con- 
sistence, and  the  scanty  subjective 
symptoms  are  suggestive  features. 

The  malignant  tumors  of  the  carotid 
gland  testify  to  its  origin  in  the  peri- 
thelium, for  they  form  quite  typical 
peritheliomas.  The  tumor  is  generally 
highly  vascular,  and  about  the  capil- 
laries are  layers  of  epithelioid  cells, 
with  a  strongly  staining  oval  nucleus, 
and  considerable  finely  granular  cyto- 
plasm. The  thickness  of  these  walls 
seems  limited  by  distance  from  blood 
supply,  and  the  peritheUal  cells  tend 
to  form  cords  with  central  spaces  lined 
solely  by  the  tumor  cells.  The  lobular 
structure  of  the  gland  is  retained, 
as  well  as  its  richness  in  vessels  and 
nerves.  H.  Gideon  Wells. 


in  patients  from  13  to  35  years  of  age,  7  between  36  and 
50,  and  only  2  after  .50  years  of  age ;  there  were  14  in 
males  and  15  in  females.  These  tumors  are  charac- 
terized by  their  location  in  the  crotch  of  the  carotid, 
with  which  they  are  so  intimately  connected  that  the 
vessel  usually  must  be  ligated  and  cut  across  in  removal 
of  the  tumor.  Some  of  the  tumors  are  quite  benign  in 
character,  but  frequently  they  are  very  malignant ;    in 
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Fig.  5135.-Perltlielial  Tumor  of  the  rarotid  Gland..  (After  Paltauf  ) 
G,  Vessels:  m,  blood  e.Mravasation  ;  o,  hyaline  degeneration  or 
cells;  b,  hyaline  degeneration;  c,  hyaline  masses. 

five  cases  metastasis  in  the  regional  lymph  glands  was 
observed,  and  in  several  of  the  patients  operated  upon 
a  speedy  recurrence  followed.  They  usually  produce 
few  subjective  symptoms,  although  occasionally  head- 
ache, hoarseness,  and  narrowing  of  the  pupil  have  been 
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CHYLOTHORAX.— This  is  a  condition  in  which  the 
pleural  cavity  contains  chyle,  due  to  a  break  in  the  con- 
tinuity of  the  wall  of  the  thoracic  duct  or  its  branches, 
or  to  some  pathological  condition  of  their  walls  whereby 
the  contents  may  be  transuded  into  the  pleural  cavity. 
Other  writers  give  the  namechyliform  to  those  fluid  exu- 
dates, in  the  pleural  cavity,  which  contain  fat  in  smaller 
amount  than  is  found  In  the  cases  belonging  to  the  class 
first  mentioned.  Furthermore,  as  these  so-called  chyli- 
form  fluids  accompany  tumors  of  the  pleura  in  many 
cases,  these  writers  believe  that  the  fat  comes  from  a 
fatty  degeneration  of  the  tumor  cells.  In  a  third  class  of 
cases  the  fat  of  the  pleural  fluid  is  supposed  to  result 
from  lipismia.  In  the  latter  cases  the  amount  of  fat  con- 
tained in  the  fluid  in  the  pleural  cavity  is  small. 

As  stated,  true  chylothorax  results  from  some  definite 
lesion  of  the  thoracic  duct  or  its  branches ;  but  since  lesions 
of  this  organ  are  not  common,  and  since  all  lesions  of  the 
duct  are  not  followed  by  chylothorax,  the  presence  of 
chj'le  in  the  pleural  cavity  is  an  unusual  condition. 

Many  of  tlie  older  writers  confused  chylothorax  with 
empyema  or  with  the  fibrinous  exudates  accompanying 
certain  cases  of  pleuritis,  and  consequently  some  of  the 
cases  reported  by  these  men,  when  studied  carefully  now, 
are  found  to  be  of  a  nature  different  from  true  chylo- 
thorax. It  being  assumed  that  this  statement  is  correct, 
it  appears  that  only  forty-seven  cases  of  genuine  chylo- 
thorax have  been  reported,  besides  about  fifteen  others 
which  are  doubtful  cases. 

Etiology, — In  the  undoubted  cases  the  age  varied  from 
2  to  63.  Two  cases  occurred  in  patients  under  10  years 
of  age;  8  in  patients  from  11  to  30;  7  from  31  to  40;  8 
from  41  to  50;  3  from  51  to  60,  and  3  after  60.     From 
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this  it  can  be  seen  that  the  greatest  number  of  cases  oc- 
cur between  the  ages  of  11  and  51.  This  is  explained  by 
the  fact  that  individuals  between  these  ages  are  more  ex- 
posed to  injuries,  or  are  more  subject  to  new  growths — 
conditions  which  are  frequent  causes  of  chylothorax. 

In  41  of  the  undoubted  cases  in  which  the  sex  was 
given,  31  were  males  and  10  were  females. 

Chylothorax  may  result  from  obstruction  to  tlie  floAV 
of  chyle  through  the  thoracic  duct,  due  to  pressure  from 
without  by  new  growths  or  by  tuberculous  lymph  nodes 
in  the  mediastinum.  The  obstruction  may  also  be  due 
to  occlusion  of  the  lumen  by  secondary  new  growths  or 
to  the  presence  of  thrombi  in  the  duct  or  in  the  left  sub- 
clavian vein — in  the  latter  case  obstructing  the  mouth 
of  the  duct.  Finally,  it  may  be  due  to  the  presence  of 
filaria.  In  other  cases  chylothorax  results  from  path- 
ological changes  in  the  duct  wall  or  from  traumatic  in- 
juries to  its  walls. 

Of  the  undoubted  cases  16  resulted  from  injury  to  the 
chest;  9  from  pressure  exerted  upon  the  duct  by  new 
growths  outside  the  duct  or  by  tuberculous  lymph  nodes ; 
9  from  secondary  growths  in  the  duct;  4  from  throm- 
bosis of  the  left  subclavian  vein;  3  from  proliferating 
lymphangitis;  2  from  aneurism-like  dilatations  of  the 
duct,  and  1  each  from  the  following:  thrombosis  of  the 
duct,  operation  for  removal  of  carcinomatous  lymph 
nodes  of  the  neck,  obstruction  to  the  radicles  of  the  duct 
from  inflammatory  thickenings  in  the  mesentery,  mitral 
disease,  and  filaria.  All  of  these  causes  either  produce  a 
break  in  the  continuity  of  the  endothelial  lining  of  the 
duct  or  put  the  endothelial  cells  under  such  abnormal 
conditions  that  their  nutrition  is  impaired,  and  conse- 
quently they  allow  the  transudation  of  the  chyle. 

Symptomatology. —The  symptoms  of  chylothorax 
which  result  directly  from  this  condition  are  not  charac- 
teristic. For  the  most  part  they  resemble  those  of  hydro- 
thorax  or  a  pleuritic  effusion.  In  most  cases  the  chief,  and 
sometimes  the  only,  symptom  is  a  gradually  increasing 
dyspnoea.  In  fatal  cases  this  may  be  accompanied  by  a 
rapidly  progressing  emaciation,  although  the  patient  may 
have  a  good  appetite  and  may  eat  well.  A  few  of  the  pa- 
tients complain  of  pain  in  the  affected  side  if  the  chylo- 
thorax is  unilateral,  and  of  a  general,  indefinite,  dull  pain 
in  the  chest  if  the  condition  is  bilateral.  On  inspection 
lagging  of  the  affected  side  will  be  noticed  and  the  in- 
tercostal spaces  will  be  more  or  less  obliterated.  If  the 
quantity  of  fluid  is  large,  the  heart  maybe  displaced  away 
from  the  fluid.  Palpation  reveals  a  lessened  or  entirely 
absent  vocal  fremitus,  depending  upon  the  amount  of  fluid 
present.  Percussion  always  gives  a  dull  note  on  the  af. 
fected  side  of  the  chest,  both  laterally  and  behind,  the 
line  of  dulness  being  higher  in  front  and  lower  in  the 
back  when  the  patient  sits  up,  and  reversed  when  the  pa- 
tient lies  down. 

In  seventeen  of  the  forty -seven  cases  chylothorax  was 
accompanied  by  chylous  ascites,  and  in  one  instance  by 
chylopericardium.  In  one  case  there  was  chyluria  and 
in  another  milky  diarrhoea. 

The  symptoms  referable  to  other  organs  are  usually 
due  to  the  same  pathological  alterations  as  those  which 
have  brought  about  the  chylothorax.  In  cases  of  cxter- 
nal  injury  to  the  duct  very  few  symptoms  other  than 
those  mentioned  appear. 

Diagnosis.— The  only  evidence  upon  which  a  positive 
diagnosis  of  chylothorax  can  be  based  is  that  afforded  by 
an  examination  of  the  fluid.  This  fluid,  as  withdrawn  by 
an  aspirator,  is  usually  semitranslucent,  milky  and  opal- 
escent. Its  specific  gravity  is  1.020  in  most  cases  If  al- 
lowed to  stand,  the  fluid  separates  into  two  layers  an 
upper,  slightly  more  yellow  in  color,  and  resembling 
cream  in  consistence,  and  a  lower  one,  watery  in  char- 
acter. If  the  whole  is  well  shaken  and  extracted  with 
,  ether  or  treated  with  sodium  or  potassium  hydrate  the 
fluid  becomes  clear  and  loses  its  milkiness.  Chemical  ex- 
amination of  the  fluid  shows  that  from  ninety  to  ninety- 

n  no  ?®n  oo"'"  '^  ""'''''''■  P^  "'°  ^o'''^^'  t^^e  fat  varies  from 
0.03  to  0.93  per  cent. ;  salts  and  albumins,  and  sometimes 
a  small  amount  of  sugar,  forming  the  remainder, 
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Prognosis. — In  many  cases  the  prognosis  of  chylo- 
thorax is  good.  In  those  which  are  due  to  obstruction, 
the  anastomoses  of  the  thoracic  duct  may  do  compensatory 
work,  and  thus  the  condition  may  be  relieved.  In  cases 
due  to  injury  to  the  duct  from  external  causes,  proper 
treatment  frequently  brings  about  a  cure. 

The ATMBNT.  — For  those  cases  in  which  the  chylothorax 
is  due  to  some  chronic  obstruction,  aspiration  of  the  fluid, 
accompanied  by  rest  and  nourishing  food,  is  about  all  that 
can  be  done.  Cases  due  to  injuries  of  the  chest  are  treated 
in  a  similar  manner. 

In  cases  due  to  injury  inflicted  during  an  operation 
for  the  removal  of  carcinomatous  or  tuberculous  lymph 
nodes  in  the  neck,  the  duct  may  be  ligated,  resected,  or 
packed,  all  of  which  procedures  have  been  used. 

Frederick  A.  Baldwin 

Most  of  the  literature  of  chylothorax  is  given  by  Bargehuhr 
Deutsohes  Archiv  fur  kllnische  Medicln,  1895,  llv.,  410,  and  by  Shaw' 
Journal  of  Pathology  and  Bacteriology,  1900,  vi.,  339.  ' 

COLON,  CONGENITAL  DILATATION  OF— Syn- 
onyms: Idiopathic  dilatation  of  the  colon;  Dilatation 
and  hypertrophy  of  the  colon;  Megacolon  congenitum; 
Hirschsprung's  disease;  Congenital  inertness  of  the  colon; 
Neuropathic  dilatation  and  hypertrophy  of  the  colon. 

Historical. — According  to  Nothnagel  this  disease  has 
been  described  for  over  fifty  years.  In  1880  the  condi- 
tion was  carefully  studied  by  Hirschsprung,  of  Copen- 
hagen, so  that  in  Germany  the  disease  is  generally 
known  by  his  name.  Kredel  in  1904  collected  seventy 
cases  from  the  literature,  and  recently  Hawkins  {British 
Medical  Journal,  March  2d,  1907,  p.  477)  has  descriljed 
nine  cases  ranging  in  age  from  three  weeks  to  forty- 
eight  years.  Quite  a  literature  of  the  subject  has  ac- 
cumulated, the  most  important  contributions  being 
those  of  Hirschsprung,  Concetti,  Gour^vitch,  Netter, 
Ibrahim,  Marfan,  Kredel,  Hale  White,  Fenwick,  Rich- 
ardson, Treves,  and  Hawkins. 

Definition. — The  condition  may  be  perhaps  best  de- 
fined as  a  dilatation  and  hypertrophy  of  the  lower  seg- 
ment of  the  colon  or  sigmoid  flexure.  It  is  not  due  to 
any  mechanical  obstruction,  but  probably  to  congenital 
deficiency  in  the  innervation  of  the  bowel.  In  most 
cases  the  dilatation  depends  upon  a  paralytic  condition 
of  the  bowel,  but  in  rare  instances  a  condition  of  spasm 
has  been  found.  A  few  of  the  cases  which  have  been 
recorded  as  examples  of  this  condition  are  really  in- 
stances of  faecal  impaction  leading  to  great  dilatation 
of  the  colon  behind  the  impacted  mass. 

Symptoms. — The  condition  occurs  more  frequently  in 
males  than  in  females,  at  all  ages,  and  the  cases  may  be 
divided  into  the  following  groups:  I.  Cases  in  which  at 
birth  or  the  first  days  of  life  tliere  are  obstruction  and 
distention  of  the  abdomen.  II.  Cases  in  which  the 
condition  develops  a  few  months  after  birth,  mostly  at 
the  time  of  weaning  or  of  adding  solid  food  to  the  diet. 
III.  Those  that  develop  some  years  after  birth.  IV. 
Cases  in  which  the  symptoms  develop  in  late  adult  life, 
usually  between  forty-five  and  fifty-five  years  of  age. 

Group  I.— In  an  infant  born  with  no  evident  abnor- 
mality the  condition  is  revealed  by  the  fact  that  there 
is  no  spontaneous  passage  of  meconium.  On  examina- 
tion with  the  finger  no  mechanical  obstruction  can  be 
found.  Enemata  bring  away  a  small  quantity  of  me- 
conium. The  child  is  restless,  sleeps  poorly,  has  no  def- 
ecation without  assistance ;  then  distention  of  the  ab- 
domen appears.  The  abdomen  becomes  hard,  its  skin 
covered  by  dilated  veins,  and  there  is  perhaps  also  some 
oedema.  Dyspnoea  and  cyanosis  may  supervene.  If 
irrigations  are  given,  only  the  water  returns,  but  fol- 
lowing the  insertion  of  the  finger  into  the  rectum,  espe- 
cially if  massage  of  the  abdomen  is  practised  at  the  same 
time,  a  large  quantity  of  meconium  or  faces  is  passed. 
As  the  abdomen  diminishes  in  size,  the  child's  general 
condition  improves,  it  begins  to  take  its  feedings  which 
formerly  were  refused,  the  cyanosis  diminishes,  and  the 
baby  is  comparatively  well.     Later  on,  the  whole  series 
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of  symptoms  is  repeated  time  and  time  again  until  death 
ensues.  The  cause  of  death  is  either  failure  of  the  re- 
spiratory organs,  inanition,  or  chronic  intoxication  from 
the  absorption  of  decomposition  products  from  the  in- 
testine. If  intoxication  exists  there  are  apt  to  be 
coma,  convulsions,  and  meningeal  symptoms.  This 
group  of  cases  comprises  those  that  are  designated 
Megacolon  congenitum. 

Group  II. — These  are  cases  in  which  during  early 
infancy  the  general  health  was  good  and  the  function 
of  the  bowel  either  normal  or  there  was  only  slight  con- 
stipation. At  the  time  of  weaning  or  of  beginning  solid 
food,  obstinate  constipation  appears,  then  distention  of 
the  abdomen  and  the  development  of  the  balloon  shape 
to  the  trunk.  The  children  then  develop  severe  cachexia 
from  the  absorption  of  toxic  products  from  the  intestine, 
and  die.  They  have  all  the  sypmtoms  of  Group  I.  At 
autopsy  these  cases  are  found  to  have  ulcerative  proc- 
esses of  the  mucous  membrane  of  the  large  intestine 
and  frequently  submucous  abscesses. 

Group  III. — After  a  history  of  constipation  for  a 
number  of  years  the  characteristic  symptoms  develop 
and  the  course  of  the  disease  is  much  the  same  as  out- 
lined above.  To  this  class  belong  the  so-called  "  bal- 
loon men  "  in  whom  the  distention  of  the  abdomen  is  so 
enormous  as  to  make  the  lower  part  of  the  trunk  almost 
globular. 

Group  IV. — These  cases  seem  to  be  acquired  late  in 
life.  They  develop  the  full  set  of  symptoms  and  the 
physical  signs  which  will  be  described  below.  A  care- 
ful inquiry  in  the  history  will  reveal  that  there  has  al- 
ways been  more  or  less  trouble  in  securing  voluntary 
evacuation  of  the  bowel. 

The  general  picture  of  the  condition  is  very  lucidly 
given  by  Hawkins  as  follows:  "  (1)  A  history  of  con- 
stipation from  birth — compatible,  however,  with  good 
health  until  the  final  stage,  the  first  sign  of  failure  being 
often  loss  of  weight.  (2)  A  constipation  which  often 
alternates  with  diarrhcea  and  which  at  its  worst  is  un- 
like that  of  obstruction,  since  flatus  is  often  passed  and 
fsecal  matter  can  be  drained  away  through  a  rigid  rectal 
tube.  (3)  Abdominal  enlargement,  variable  or  constant, 
often  asymmetrical,  with  prominence  in  the  left  iliac 
region;  the  abdomen,  though  distended,  is  seldom  tense 
and  often  surprisingly  flaccid,  and  it  rarely  presents 
any  impairment  of  resonance.  (4)  Slow  alterations  in 
shape,  especially  in  the  left  iliac  region,  observable  only 
with  patience — unlike  the  tense  peristalsis  seen  in  real 
obstruction.  (5)  Absence  or  rarity  of  pain  and  vomit- 
ing." 

The  abdomen  is  often  enormously  distended.  The 
lower  colon  and  sigmoid  may  fill  nearly  the  whole  abdo- 
men, displacing  the  liver  upward  and  forming  either  a 
prominence  resembling  an  extraordinary  dilatation  of 
the  stomach  or  else  looped  upon  itself  so  as  to  form  two 
huge  pipe-like  prominences  like  a  great  inverted  TJ  ex- 
tending vertically  or  obliquely  up  to  the  thorax.  The 
dilated  colon  may  measure  two  feet  in  circumference. 
When  the  dilatation  is  not  of  the  sigmoid  flexure  it  is 
usually  near  it.  There  are  dyspeptic  symptoms,  es- 
pecially colicky  pains,  and  there  is  malnutrition.  Fre- 
quently purgatives  are  effective ;  at  other  times  they  are 
of  no  value.  It  is  characteristic  that  by  inserting  a  firm 
catheter  or  drainage  tube  into  the  rectum,  or  even  by 
passage  of  the  finger,  there  will  be  secured  a  movement 
of  the  bowel  and  a  discharge  of  gas.  Eoser  says  ;  "  The 
introduced  finger  reveals  a  considerable  narrowing ;  but 
above  this  is  a  large,  sacciform  distention."  Goppert 
writes:  "The  finger  passes  through  a  normal  rectum 
to  a  point  6  or  7  cm.  above  the  anus,  somewhat  under 
the  promontory  (case,  child  of  five  weeks) ;  on  slight 
flexion  the  first  phalanx  of  the  inserted  finger  passes 
into  a  hollow  space.  If  the  finger  is  extended  and 
withdrawn  there  occurs  a  passage  of  gas  and  feces  and 
then  with  great  ructus  the  abdomen  collapses." 

Physical  Signs.— The  distended  abdomen  is  tympa- 
nitic throughout  nearly  its  whole  extent.   The  splenic  dul- 
ness  is  obliterated,  the  hepatic  dulness  diminished,  and 
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the  liver  cannot  l;c  felt.  The  heart  is  displaced  upward, 
and  this  gives  rise  to  palpitation.  There  is  dy.spncEa 
and  there  may  be  cyanosis,  both  of  these  symptoms 
being  due  to  the  pressure  upward  against  the  diaphragm. 
Usually  neither  coils  of  intestine  nor  peristaltic  move- 
ments are  visible.  In  very  rare  cases  there  is  oedema, 
of  the  legs,  scrotum,  and  penis,  and  also  albvirainuria, 
all  of  these  symptoms  being  dependent  upon  pressure. 

Complications  are  the  results  of  pressure.  There  may 
be  dyspnoea,  rarely  hydronephrosis,  and  occasionally 
cedema  of  the  lower  extremities.  Tetany  has  been 
known  to  occur,  and,  as  in  the  cafe  of  acute  dilatation  of 
the  stomach,  it  requires  immediate  operation. 

Pathology. — Necropsies  have  uniformly  shown  an 
enormous  distention  of  the  colon,  varying  from  fifteen 
to  thirty  inches  in  circumference  and  extending  from 
the  upper  part  of  the  rectum  a  variable  distance  along 
the  colon  toward  or  to  the  cascum.  There  is  always 
thickening  of  the  muscular  wall  of  the  colon,  which  may 
reach  a  width  of  one-fourth  of  an  inch.  The  bowel  is- 
thus  rendered  unusually  rigid  and  shows  little  tendency 
to  collapse  on  puncture.  The  mucous  membrane  is. 
usually  inflamed  and  at  times  studded  with  ulcerations. 
In  a  few  cases  submucous  abscesses  are  present.  The 
small  intestine  is  never  dilated.  The  distended  bowel 
contains  semifluid  fteces  and  a  great  deal  of  gas.  Strict- 
ures have  not  been  found.  It  is  evident  that  the  thick- 
ening of  the  muscular  coat  is  a  compensatory  hyper- 
trophy, and  this  hypertrophy  affects  both  layers. 

Pathogenesis. — llie  origin  of  the  affection  is  not  ab- 
solutely determined.  Hirschsprung  believed  the  condi- 
tion to  be  a  congenital  primary  dilatation  and  hy- 
pertrophy of  the  large  intestine.  Marfan  regards  it  as 
secondary  to  a  congenital  anomaly  in  the  form  of  the 
sigmoid  flexure.  Anatomical  kinking  or  valve  forma- 
tion has  been  advanced  as  explaining  the  condition, 
laut  the  dilatation,  as  shown  by  Hawkins,  begins  gradu- 
ally in  the  lower  part  of  the  pelvic  colon,  just  above 
where  it  joins  the  rectum.  The  best  explanation  of 
the  condition  for  all  the  groups  of  cases,  advanced  by 
Hawkins,  is  that  it  depends  upon  a  congenital  nervous- 
defect  in  the  lower  part  of  the  colon.  The  condition 
is  almost  always  paralytic.  One  exceptional  case  of 
spastic  contraction  is  that  of  Hilton  Fagge  (1880),  re- 
ported by  Gee.  In  this  case  there  was  a  spastic  condi- 
tion below  the  immensely  dilated  pelvic  colon  ;  but  the 
contraction  was  not  very  tight,  easily  admitting  the 
index  finger. 

Diagnosis. — The  condition  must  be  distinguished 
from  intestinal  obstruction  and  from  the  simple  non- 
dilating  constipation.  A  careful  comparison  of  the 
symptoms  should  prevent  one  mistaking  the  condition 
for  intestinal  obstruction.  In  its  early  stages  there  may- 
be difficulty,  however,  in  making  the  diagnosis  from 
simple  constipation  and  also,  as  Hawkins  emphasizes,  in 
recognizing  the  point  at  which  the  case  becomes  surgi- 
cal. It  is  very  important  to  make  an  early  diagnosis, 
since  there  is  a  stage  in  some  cases  when  cure  is  possible 
by  surgical  means. 

Prognosis. — The  prognosis  is  very  bad,  as  nearly  all 
the  patients  die  if  not  operated  upon.  Many  children 
suffering  with  this  condition  die  early  with  obstinate 
constipation  and  extreme  emaciation  following  repeated 
attacks  of  apparent  intestinal  occlusion.  Other  pa- 
tients attain  a  greater  age,  but  in  these  the  symptoms 
have  begun  late.  A  few  persons  who  were  operated  upon 
have  recovered,  and  this  really  holds  out  the  only  hope 
after  the  condition  has  fully  developed. 

Treatment. — The  treatment  by  medical  measures  has: 
hitherto  been  unsatisfactory,  and  even  the  surgical 
treatment  has  not  been  very  successful.  Cathartics 
may  be  effective  for  a  short  time,  but  soon  lose  their 
power  and  add  to  the  difficulties  of  the  situation.  Irri- 
gation and  the  use  of  firm  rectal  tubes  are  the  most 
effective  measures.  Faradization  of  the  abdomen  is  an 
aid,  but  massage  is  dangerous,  since,  it  the  colon  is 
ulcerated — as  obtains  in  some  cases — rupture  might 
result. 
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Operative  Measures.— Tapping  the  colon  is  danger- 
ous and  might  easily  lead  to  leakage  and  peritonitis, 
though  the  transverse  colon  was  punctured  in  Cheadle  s 
case  and  the  patient  recovered.  An  artificial  anus  was 
made  in  the  cases  of  Osier  and  of  Gwynne  and  the  patients 
recovered.  Parts  of  the  colon  have  been  excised  suc- 
cessfully by  Treves  and  Maurice  Richardson.  In  the 
latter's  case,  however,  although  the  sigmoid  flexure  was 
excised,  a  new  hypertrophied  sigmoid  flexure  was 
formed,  large  enough  to  fill  the  lower  abdomen,  in  fif- 
teen months.  According  to  Hawkins,  colotomy  is  use- 
less :  excision  of  any  part  of  the  colon  should  never  be 
permitted ;  and  the  best  result  with  the  greatest  safety 
is  probably  given  by  anastomosis  of  the  iliac  and  pelvic 
colon  coupled  with  fixation  of  the  dilated  pelvic  loop. 
Where  this  is  not  possible,  probably  the  next  best  course 
would  be  to  open  the  bowel  above  the  dilatation,  wash 
out  the  dilated  part,  and  let  the  faces  pass  for  some 
time  through  the  artificial  anus  so  as  to  give  rest  to  the 
affected  part.  Linnceus  E.  La  Fetra. 

CONTREXEVILLE.— Contrex^ville,  a  spa  of  Euro- 
pean celebrity,  is  situated  in  the  Vosges  Mountains 
southeast  from  Paris  at  a  distance  of  about  230  miles 
from  that  city.  The  village  and  springs  lie  in  a  valley 
below  the  level  of  the  surrounding  country,  at  an  alti- 
tude of  1,100 feet  above  sea-level.  The  "season"  at 
which  this  resort  is  freqiiented  extends  from  May  20th 
to  about  the  first  of  October,  and  the  climate  at  this 
time  is  temperate,  with  more  or  less  of  the  character- 
istics of  a  mountain  resort;  namely,  sudden  changes  of 
temperature  and  cool  or  cold  mornings  and  evenings,  so 
that  one  must  be  provided  with  suitable  clothing  for 
protection  a,gainst  these  sudden  changes.  There  is  con- 
siderable rain  and  cloud. 

The  character  of  the  waters  is  earthy  or  calcareous, 
sulphate  and  carbonate  of  lime  being  the  chief  constitu- 
ents, with  minute  quantities  of  the  sulphates  or  carbon- 
ates of  sodium,  magnesium,  lithium,  and  iron,  and  the 
ohlorides  of  potassium  and  sodium. 

It  is  a  clear,  still,  almost  tasteless  water,  with  a  tem- 
perature of  52°  F.  The  chief  and  most  important  meth- 
od of  using  these  waters  is  by  drinking,  although  baths, 
douches,  and  massage  are  also  employed  as  adjuvants 
to  their  internal  use;  douches  for  the  loins  being  a 
common  method  of  application. 

The  special  diseases  for  which  these  waters  are  used 
and  success  in  which  has  made  Contrexeville  so  famous, 
are  those  of  the  urinary  organs,  particularly  gravel  and 
renal  calculous  diseases,  and  the  conditions  resulting 
therefrom:  pyelitis,  pyelonephritis,  and  chronic  cystitis. 
Gout  and  gouty  conditions  when  dependent  upon  a  sup- 
posed excess  of  uric  acid  in  the  system  are  also  greatly 
relieved,  and  so  also  are  gallstones,  congestion  of 
the  liver,  dyspepsia,  diabetic  gout,  and  such  skin  dis- 
■eases  as  eczema,  acne,  or  psoriasis,  when  the  underlying 
cause  is  considered  to  be  an  excess  of  uric  acid  in  the 
system.  Nocturnal  incontinence  of  urine  in  children  is 
said  to  be  benefited  or  cured  by  their  use. 

The  principle  of  the  treatment  is  internal"] a vage  the 
xapid  passage  of  a  large  amount  of  water  through  the 
system,  dissolving  and  carrying  away  to.xic  substances, 
and  mechanically  removing  from  the  urinary  passages 
sand,  gravel,  mucus,  purulent  secretions,  etc  To  ac- 
comphsh  these  results,  from  one  to  six  quarts  of  water 
are  drunk  daily,  mostly  in  the  morning  from  4-30  to  9- 
some  patients  exceed  this  amount  by  even  to  eisht  or 
ten  quarts  daily.  fe       "' 

The  immediate  effect  of  the  ingestion  of  this-larce 
amount  of  water  is  diaretic  and  aperient;  the  puvsativc 
effect  occurs  soon  after  taking  of  the  water  an. P  doe,', 
not  generally  recur  during  the  day.  Drinking  the  wa- 
ter in  the  latter  part  of  the  day  is  not,  as  a  rule,  prac- 
tised. The  purgative  effect  sometimes  fails  and  then 
recourse   IS  had^  to  a   more  definitely  purgative  water 

(feourceSouveraine)  or  to  a  purgative;    generally   how- 
ever, this  not  necessary.  ' 

The  general  plan  of  the  patient's  day  is  as  follows: 


Taking  the  water  in  the  morning  from  4:30  to  9,  the 
favorite  time  being  about  7  a.m.  Between  glasses 
a  short  walk  is  taken.  At  10  a  substantial  Break- 
fast is  eaten.  Excursions,  outdoor  games,  walks, 
etc.,  follow,  and  at  6  o'clock  dinner  is  served.  After 
dinner  on  certain  days  there  are  concerts  and  other 
amusements,  and  at  10  p.m.  most  of  the  invalids 
retire. 

The  contraindications  are,  in  general,  such  conditions 
as  are  unsuitable  for  any  spa  cure,  and  especially  the 
following:  cancer  and  tuberculosis  of  the  kidneys;  cases 
of  pyelitis  and  renal  gravel  with  a  continuously  consider- 
able amount  of  albumin  in  the  urine;  large  calculi  in 
the  pelvis  of  the  kidney;  stone  in  the  bladder;  vesical 
paralysis  with  retention  of  urine;  vesical  tumors;  ex- 
tensive hypertrophy  of  the  prostate;  acute  cystitis; 
cases  of  hepatic  cirrhosis;  eases  of  gout  when  an  acute 
attack  seems  imminent  or  has  just  been  checked  by 
treatment;  cases  of  diabetes  with  very  large  amounts  of 
sugar,  or  complicated  by  nephritis  or  cirrhosis. 

There  are  several  springs,  but  the  main  one  is  the 
PaviUon,  the  waters  of  which  are  exported  in  large 
quantities. 

The  bath  estabhshment  possesses  a  fine  park  with 
gardens  and  pleasure  grounds,  and  connecting  with  a  cen- 
tral dome-shaped  building,  in  which  is  the  Pavilion  Spring, 
are  glass-covered  galleries  with  shops,  so  that  one  can 
take  the  waters  in  rainy  weather  without  being  exposed. 
There  are  theatres,  a  casino,  and  many  facilities  for 
amusement  and  exercise.  There  are  also  pleasant  drives 
and  walks  in  the  hills  about.  The  hotels  are  good  and 
of  varying  prices,  and  there  are  villas,  furnished  houses 
and  rooms  to  be  obtained. 

"The  life  is  certainly  monotonous  and  a  trifle  de- 
pressing," says  Burney  Yeo,  but  he  adds,  "the  treat- 
ment is  the  end  and  object  of  being  there,"  and  in  the 
maladies  for  which  these  waters  are  peculiarly  applicable 
one  can  be  assured  of  so  much  benefit  that  he  can  endure 
this  monotony  with  equanimity  when  he  finds  himself 
recovering  or  greatly  improving.  Edward  0.  Otis. 

CORN. — Synonyms:  Clavus,  Clou,  or  Cor. 

Definition.— A  corn  is  a  localized  hypertrophy  of  the 
epidermis,  generally  found  on  the  feet,  and  due  to  press- 
ure or  the  intermittent  friction  of  ill-fitting  shoes.  Corns 
are  classified  as  hard  and  soft. 

Hard  corns  are  usually  found  on  the  outer  surface  of 
the  little  toe;  or  over  the  head  of  the  first  or  fifth  meta- 
tarsal bones;  or  over  the  head  of  the  phalanges  of  the 
other  toes,  especially  in  people  who  are  prone  to  hammer- 
toe. 

Soft  corns  occur  between  the  toes. 

Hard  corns  are  largely  due  to  shoes  that  are  high- 
heeled,  or  too  small,  or  misshapen;  occa.sionally  a  shoe 
that  is  too  large  may,  by  intermittent  friction,  produce 
a  corn. 

A  hard  corn  is  a  conical,  wedge-like  mass  of  hardened 
epitheUum  which  is  pressed  down  on  the  underlying 
papillfE ;  and  these,  in  consequence  of  the  pressure,  atro- 
phy and  form  a  cup-shaped  depression;  at  the  same 
time  the  neighboring  papillse  hypertrophy,  the  sub- 
cutaneous fat  disappears,  and  a  small  bursa  may  form. 
It  is  this  central  hard  and  horny  plug  which  differentiates 
a  corn  from  a  mere  callosity. 

Soft  corns,  between  the  toes,  are  spongy  and  vascular; 
they  are  covered  with  a  macerated  epithelium;  owing  to 
the  absorption  of  perspiration  they  are  white  and  sodden, 
and  often  present  deep  fissures,  and  are  very  painful. 
They  are  found  more  often  in  the  summer,  and  in  the 
wearers  of  patent-leather  shoes. 

In  addition  to  the  pain  and  discomfort  (which  can  be 
considerable)  caused  by  corns,  they  occasionally  give 
rise  to  comphcalions  such  as  suppuration  under  the 
corn  or  erysipelas  or  gangrene  due  to  home  or  other 
amateur  treatment  with  an  infected  instrument.  Mere 
cutting  of  a  corn  may  be  attended  v*ith  gangrene  in  old 
people. 

Treatment. — The  treatment  of  corns  consists  in  remov- 
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ing  the  cause,  and  keeping  it  removed.  Proper  atten- 
tion must  be  paid  to  the  shoes;  these  should  not  be 
made  of  patent-leather,  they  should  not  be  too  large  or 
too  small,  the  inner  border  should  be  straight,  the  heels 
low,  and  the  toes  rounded  and  not  pointed.  If  this 
matter  were  attended  to  and  persevered  in,  further 
treatment  would,  as  a  rule,  be  unnecessary.  A  hard 
corn,  which  is  not  inflamed,  should  be  soaked  in  hot 
water,  the  top  should  be  carefully  pared  off,  and  then  a 
drop  or  two  of  glacial  acetic  acid,  or  nitric  acid,  or  a 
solution  of  nitrate  of  silver  (gr.  x.-xxx.  to  3  j.)  should  be 
applied.  Within  a  few  days  the  hardened  epidermis 
can  be  peeled  off,  and  the  treatment  repeated.  This 
can  be  continued  as  often  as  necessary,  but  usually  three 
or  four  applications  are  sufficient.  In  place  of  the  above, 
the  corn  after  being  softened  with  hot  water  may  be 
painted  with  the  following  solution  (from  Crocker): 

I^  Acidi  salicylici,  gr.  xv. 

Extra cti  cannabis  indicse,  gr.  ^^ij. 

Alcoholis,  ^^,  xv. 

jEtheris,  nx  xl. 

CoUodii  flexilis,  ill  Ixxv. 
Misce. 
Sig.   To  be  painted  on  with  a  brush  three  times 

a  day,  for  a  week. 

Most  of  the  corn  cures  on  the  market  contain  salicylic 
acid.  A  corn  plaster  of  salicylic  acid  or  felt  may  also 
be  worn;  it  should  be  circular,  with  a  hole  in  the  centre. 
There  should  be  no  attempt  to  cut  out  the  corn.  It 
must  be  remembered  that  these  applications  do  not  re- 
move the  cause,  and  hence  should  be  secondary  only  to 
.  proper  shoes,  etc. 

It  the  toe  is  much  deformed,  amputation  may  be  neces- 
sary, or  the  toes  may  have  to  be  straightened  by  splints 
or  by  a  tenotomy.  If  the  corn  is  inflamed,  rest  is  indi- 
cated, with  the  application  of  lead-and-opium  solution, 
and  aS  soon  as  pus  forms  it  should  be  let  out. 

For  soft  corns,  in  addition  to  properly  fitting  shoes 
(see  above),  the  feet  should  be  frequently  cleansed, 
preferably  by  washing  with  ethereal  soap;  they  should 
be  kept  as  dry  as  possible;  socks  and  stockings  and  shoes 
should  be  frequently  changed;  a  dusting  powder  of 
starch  and  zinc  oxide  may  be  used,  or  belladonna  lini- 
ment or  spirits  of  camphor  may  be  painted  on  at  night, 
cotton  wool  being  worn  between  the  toes  during  the  day. 
Intractable  soft  corns  may  be  treated  in  the  manner 
recommended  by  A.  M.  Phelps  (Transactions  of  the 
American  Orthopedic  Association,  Vol.  VI.,  237)  the 
adjacent  sides  of  the  two  toes  are  freshened,  and  then 
stitched  together,  thus  making  one  toe  of  them;  by 
this  method  the  usefulness  of  the  foot  is  not  impaired 
as  is  the  case  in  amputation.  R-  J-  E.  Scott. 

CUTI-REACTION    IN    TUBERCULOSIS— Von   Pir- 

quet  of  Vienna  has  used  tuberculin  applied  to  skin  scar- 
ification to  determine  whether  the  subject  was  tuber- 
culous. A  local  irritation— hypera;mia— results,  bemg 
marked  in  the  tuberculous,  slight  in  the  non- tuberculous. 
There  is  a  local  leucocytosis  accompanying  the  hyper- 
semia. 

There  is  a  wide  range  of  difference  in  the  reaction 
when  tuberculin  is  thus  directly  applied,  dependent 
upon  the  degree  of  infection,  its  virulence,  and  length  of 
the  infection.  It  appears  that  none  of  the  toxin  reaches 
the  circulation.  Febrile  reactions  do  not  follow,  and 
nothing  remains  but  a  papule,  which  differs  distinctively 
from  the  control  scratch,  and  a  local  swelling  with  hy- 
perEemia.  In  seven  hundred  inoculations  v.  Pirquet 
observed  but  three  cases  in  which  there  was  a  rise  of 
temperature.  The  inoculations,  however,  were  not  al- 
ways without  systemic  effect.  Second  inoculations  were 
usually  followed  by  an  accelerated  and  intensified  reac- 
tion. Frequently  the  initial  inoculation  was  negative 
but  subsequent  ones  proved  positive.  In  several  of 
these  cases  when  autopsies  were  possible,  caseated  foci 
were  plainly  demonstrated.     Von  Pirquet  declares  that 


the  skin  inoculation  of  tuberculin  stimulates  the  anti- 
bodies. 

The  papule  is  about  10  mm.  in  diameter;  when  it  is 
larger  it  occurs  in  hypersensitive  subjects  and  in  cases 
of  scrofula,  bone,  and  joint  tuberculosis.  Occasionally 
oases  will  be  found  in  which  the  reaction  is  difficult  to 
determine ;  these  should  be  considered  as  negative  re- 
sults. The  color  of  the  reaction  is  a  bright  red,  gradu- 
ally fading  into  a  slightly  pigmented  spot  which  may 
remain  visible  for  several  weeks.  Cachectic  children 
often  present  a  very  slight  hypera^mia  or  cyanotic  dis- 
coloration. In  these  cases  the  reaction  will  be  entirely 
free  from  exudation. 

The  papule  begins  to  show  itself  usually  within  twen- 
ty-four hours  after  the  inoculation,  the  efflorescence 
reaching  its  maximum  after  twenty-four  to  forty-eight 
hours.  In  the  case  of  older  children  the  reaction  may 
not  appear  until  after  forty-eight  hours. 

This  method  of  diagnosing  tuberculosis  is  especially 
applicable  to  children  in  institutions  and  hospitals  and 
offers  a  harmless  means,  v.  Pirquet  claims,  of  deter- 
mining the  disease  in  its  incipiency,  thus  affording  the- 
best  means  for  successful  treatment.  As  a  diagnostic 
agent  the  skin  inoculation  of  tuberculin  is  of  positive 
value  in  early  infancy  only — between  the  ages  of  one 
and  two  years.  In  older  children  and  in  adults  it  pos- 
sesses merely  a  negative  diagnostic  value. 

The  application  of  this  test  is  made  as  follows:  A 
solution  is  prepared  by  mixing  one  part  of  Koch's  old 
tuberculin  with  one  part  of  five-per-cent.  phenol  solu- 
tion and  two  parts  of  physiological  salt  solution.  The 
skin  of  the  forearm  now  having  been  washed  with  ether, 
a  lancet  with  a  platino-iridium  point  is  passed  through 
an  alcohol  flame  and  used  to  scarify  the  skin,  control 
scarifications  being  made  at  the  same  time  in  other  parts 
of  the  arm.  Two  drops  of  the  inoculation  fluid  above 
mentioned  is  applied  to  the  scarified  surface  and  allowed 
to  remain  in  contact  with  it  for  a  few  minutes.  A  band- 
age or  other  dressing  is  not  needed.  The  inoculated  as 
well  as  the  control  spots  are  inspected  daily  for  three 
days  to  determine  the  presence  of  the  reaction  above 
described.  Eighty-eight  per  cent,  of  the  children  in- 
oculated at  a  meeting  of  the  Berlin  Medical  Society, 
May  8,  1907,  presented  positive  reactions ;  twelve  per 
cent,  were  negative.  Among  non-tuberculous  children 
sixteen  per  cent,  gave  a  positive  reaction.  Adults  and 
older  children  apparently  free  from  tuberculosis  reacted 
readily,  so  that  the  diagnosis  cannot  be  positively  de- 
termined excepting  in  young  children. 

See  also  the  article  on  Ophthalmo-reaction. 

DIONIN  is  ethylmorphine  hydrochloride,  CidHjjNOs. 
HCI-I-2H2O.  It  is  a  white  crystal  with  a  slightly 
bitter  taste,  soluble  in  7  parts  of  water,  2  of  alcohol 
and  20  of  syrup ;  insoluble  in  ether  and  chloroform. 
It  is  used  as  a  substitute  for  morphine  and  is  sedative, 
antispasmodic,  and  analgesic.  Is  precipitated  from  solu- 
tions by  alkaloidal  reagents. 

Dionin  is  reported  free  from  the  constipating  effects 
of  the  ordinary  opium  alkaloids,  as  well  as  nausea  and 
lassitude.  It  is  used  internally  in  the  cough  of  phthisis, 
bronchitis,  asthma,  insomnia,  laryngitis,  influenza,  and 
whooping-cough,  but  appears  to  have  no  advantage  over 
codeine.  The  claim  that  dionin  is  serviceable  in  the  treat- 
ment of  the  morphine  habit  does  not  seem  to  be  proven 
by  use  in  these  cases.  This  remedy  is  used  somewhat 
as  an  application  to  iritis,  various  forms  of  painful  con- 
junctivitis, etc. 

The  dose  of  dionin  internally  varies  from  0.015  to 
0.03  gm.  (J  to  i  grain);  children,  proportionately  less 
according  to  age.  In  diseases  of  tlie  eye,  1  to  2  drops 
of  a  five-  to  ten-per-cent.  solution. 

DISSOCIATION,  DIFFUSION  AND  ACTION  OF 
SALTS.— The  advance  of  physical  chemistry  in  the  last 
fifteen  years  has  thrown  a  new  light  upon  the  behavior 
of  salts  in  the  tissues,  and  promises  to  form  the  basis  of 
the  explanation  of  their  presence  in  all  forms  of  living 
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matter,  as  well  as  of  mucli  of  their  therapeutic  value. 
The  chief  phenomena  bearing  on  biology  and  medicine 
are  the  dissociation  of  salts  and  their  relation  to  diffusion 
and  osmosis,  and  before  the  results  of  the  application  of 
physical-chemical  methods  to  the  biological  sciences  can 
be  appreciated  some  knowledge  of  the  recent  advances 
in  the  theory  of  these  phenomena  is  requisite. 

Dissociation,  Ions.— It  was  formerly  held  that  common 
;salt  dissolved  in  water  remained  in  the  same  form  as  that 
which  is  familiar  in  the  dry  state,  the  only  difference 
T)eing  that  crystals  divided  into  molecules.  It  is  now 
recognized,  however,  that  not  only  are  the  molecules  iso- 
lated from  each  other,  but  that  a  certain  number  of  mole- 
cules undergo  still  further  division.  The  products  of  this 
molecular  division  are  known  as  ions,  and  in  the  case  of 
common  salt  are  Na  ions  and  CI  ions.  The  amount  of 
■dissociation  that  occurs  varies  with  the  strength  of  the 
solution;  the  weaker  the] solution  the  greater  the  percen- 
tage  of  salt  undergoing  dissociation.  In  a  one-per-cent. 
solution  of  sodium  chloride  only  about  one-flfth  of  the  salt 
is  present  in  the  form  of  molecules,  the  rest  having  dis- 
sociated into  the  two  ions.  These  ions  are  not  to  be  con- 
fused with  atoms,  for  although  sodium  and  chloride  ions 
are  present,  the  solution  of  course  possesses  none  of  the 
properties  of  metallic  sodium  or  of  free  chlorine.  The 
ions  differ  from  the  atoms  in  carrying  a  charge  of  elec- 
tricity, the  charge  of  the  sodium  ion  being  positive,  while 
that  of  the  chloride  ion  is  negative. 

If  a  battery  be  connected  with  the  solution  the  sodium 
ions  hurry  to  the  negative  pole  or  cathode,  while  the 
■chloride  ions  give  up  their  charge  at  the  positive  or 
anode.  The  sodium  ion  is  therefore  known  as  the  cation, 
the  chloride  as  the  anion.  At  the  moment  at  which  the 
■charge  of  an  ion  is  given  up  the  ion  changes  to  an  atom, 
but  it  immediately  forms  fresh  combinations  with  the 
water,  in  the  present  instance  NaOH  and  HCl. 

Other  salts  undergo  a  similar  dissociation  in  solution 
in  water:  KBr  forms  K  and  Br  ions;  NaNOa,  Na  and 
JSrOa  ions,  K2SO4  divides  into  three  ions,  two  potassium 
:and  one  SO4;  ammonium  oxalate  forms  two  NH,  ions 
and  one  oxalate  anion,  and  so  forth.  The  dissociation  of 
acids  and  alkalies  is  of  great  importance,  but  resembles 
•exactly  that  of  the  other  salts,  acids  forming  liydrogen 
•cations  and  the  rest  of  the  molecule  forming  the  anion, 
while  alkalies  divide  into  a  hydroxy  1  anion  and  a  metallic 
•cation;  HCl  thus  becomes  hydrogen  and  chloride  ions; 
NaHO,  sodium  and  hydroxyl  (110)  ions. 

The  ions  in  a  solution  are  in  constant  motion,  and  the 
anions  and  cations  of  a  substance  in  solution  lose  the  con- 
nection which  they  possess  in  the  solid  state  Thus,  when 
potassium  bromide  and  sodium  chloride  are  dissolved  to- 
gether in  asutficient  amount  of  water,  it  is  no  longer  cor- 
Tect  to  designate  the  result  as  a  solution  of  potassium 
bromide  and  sodium  cliloride,  for  the  potassium  ions  are 
in  no  closer  connection  with  the  bromide  than  with  the 
chloride  ions.  The  bodies  present  are  really  the  potas- 
sium and  sodium  cations  and  the  bromide  and  chloride 
anions  In  the  blood  serum,  for  example,  the  phosphate 
ions  present  are  not  combined  with  the  potassium  nor  the 
chloride  with  the  sodium,  but  all  four  are  independent, 
and  it  is  iucorrect  to  speak  of  the  potassium  phosphate 
•of  the  blood  serum.  When  a  dilute  solution  of  sodium 
liydrate  is  swallowed  it  is  neutralized  by  the  gastric 
juice,  and  the  reaction  is  often  stated  as  the  formation  of 
sodium  chloride  and  water.  In  reality  the  liydrate  solu- 
tion contains  sodium  and  hydroxyl  ions,  the  gastric  juice 
h3'drogen  and  chloride  ions,  and  the  resultant  fluid  con- 
tains sodium  and  chloride  ions.  The  change  consists  in 
the  disappearance  of  the  hydrogen  and  hydroxyl  ions 
which  have  formed  water,  the  chloride  and  sodium  ions 
having  been  present  to  begin  with  and  remaining  un- 
changed 

Dissociation  occurs  in  salts,  including  under  this  term 
acids  and  alkalies,  but  it  is  not  developed  equally  in  all 
salts.  Those  acids  and  bases  which  are  gcneraHy  con- 
sidered to  be  the  "  stronger  "  dissociate  more  readily  than 
the  weaker  combinations,  and  the  monovalent  salts  more 
readily  than  the  bivalent.     The  inorganic  salts  dissociate 


more  readily  than  the  organic,  and  the  same  holds  true 
for  the  bases.  All  of  those  bodies  in  solution  serve  as 
electrical  conductors;  in  fact,  tlie  passage  of  electricity 
through  watery  solutions  is  only  possible  through  the 
presence  of  ions,  and  the  conductivity  of  solutions  is  thus 
a  measure  of  the  degree  of  dissociation.  Those  substances 
which  are  dissociable  are  therefore  known  as  electrolytes. 
On  the  other  hand,  many  organic  substances  are  inca- 
pable of  conducting  electricity  and  are  also  incapable  of 
dissociation.  Thus  alcohol  contains  an  hydroxyl  ( -  OH) 
in  combination  with  ethyl  (CsHs),  as  sodium  hydrate 
contains  an  hydroxyl  in  combination  with  sodium.  Al- 
cohol  is,  however,  incapable  of  forming  ions,  and  there- 
fore is  a  non-electrolyte  in  aqueous  solution,  while  sodium 
hydrate  dissociates  readily  into  hydroxyl  and  sodium 
ions,  and  these  are  capable  of  conveying  an  electric  cur- 
rent, .  .         .        u      i- 

Sodium  hydrate  has  a  characteristic  action  m  the  tis- 
sues, causing  corrosion.  This  might  be  due  to  either 
the  sodium  or  the  hydroxyl  ion.  As  a  matter  of  fact, 
however,  the  sodium  ion  is  present  in  many  solutions 
which  are  devoid  of  corrosive  effects ,  for  example,  in 
solutions  of  sodium  chloride.  The  conclusion,  therefore, 
is  that  the  hydroxyl  ion  is  the  corrosive  in  this  case.  Alco- 
hol has  no  such  corrosive  action  as  sodium  hydrate,  and 
this  corresponds  with  the  fact  that  alcohol  is  not  an  elec- 
trolyte, i.e.,  does  not  liberate  the  hj'droxyl  ion,  although 
it  contains  hydroxyl.  Many  other  similar  examples 
might  be  cited,  all  going  to  show  that  in  many  instances 
the  therapeutic  effects  of  a  body  are  due,  not  to  the  mole- 
cule administered,  but  to  the  ions  into  which  it  dissociates 
in  the  fluids  of  the  body.  In  fact  in  administering  an 
electrolyte,  the  physician  gives  not  one  but  two  or  more 
substances,  which  may  each  effect  changes  in  the  organ- 
ism. As  a  general  rule  in  therapeutics  one  ion  is  so 
powerful  that  the  other  may  be  neglected ;  for  example, 
in  morphine  sulphate  the  alkaloidal  cation  is  so  active 
that  the  sulphate  ion  may  be  ignored,  and  the  sulphate 
has  therefore  the  same  effect  as  the  hydrochlorate  of 
morphine.  When  the  two  ions  are  more  equal  in  phar- 
macological activity,  however,  each  has  to  be  taken  into 
consideration;  for  example,  magnesium  sulphate  disso- 
ciates into  magnesium  and  sulphate  ions,  each  of  which 
has  a  retarding  influence  on  absorption  in  the  bowel, 
while  magnesium  chloride  similarly  forms  magnesium 
and  chloride  ions,  of  which  the  latter  is  indifferent  in  the 
bowel.  The  sulphate  of  magnesium  has  thus  a  more 
powerful  purgative  action  than  the  chloride,  and  is  also 
more  active  than  sodium  sulphate,  which  forma  the  pur- 
gative sulphate  and  tjie  indifferent  sodium  ions. 

Another  example  of  the  importance  of  ions  to  the  un- 
derstanding of  therapeutic  action  and  to  its  successful 
practice  is  offered  by  the  bromides.  Potassium  and  so- 
dium bromides  have  a  depressant  action  on  the  central 
nervous  system,  and  as  this  is  absent  in  the  case  of  the 
chlorides  of  these  metals,  it  is  obviously  due  to  the  bro- 
mide ion.  Bromated  camphor  also  contains  bromine  in 
chemical  combination,  and  attempts  have  been  made  to 
substitute  it  for  the  bromides  as  a  depressant.  But  bro- 
mated camphor  does  not  dissociate  and  no  bromide  ions 
are  formed,  so  that  whatever  properties  it  may  possess,  it 
cannot  be  compared  with  the  bromides  of  potassium  or 
sodium. 

The  action  of  salts  depending  on  the  ions,  the  intensity 
naturally  varies  with  the  rate  of  dissociation.  This  is 
well  exemplified  in  the  local  effects  of  the  heavy  metals; 
such  salts  as  the  chlorides  and  nitrates,  which  dissociate 
readily,  are  much  more  active  locally  than  the  sulphates 
and  organic  salts  which  divide  into  ions  less  rapidly, 
provided,  of  course,  that  all  are  equally  soluble  and  have 
no  special  characteristics,  such  as  deliquescence.  The 
newer  views  as  to  the  dissociation  of  salts  and  the  impor- 
tant role  of  the  ions  explain  why  such  bodies  as  the  fer- 
rocyanides  have  the  eilects  neither  of  iron  nor  of  cya- 
nides, for  neither  iron  nor  cyanide  ions  are  formed  from 
them  in  solution.  Similarly  the  cacodylates  differ  from 
arsenous  salts  because  they  do  not  liberate  the  arsenous 
ion  except  after  decomposition  in  the  body.    Now  in  the 
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case  of  potassium  arsenite,  the  arsenite  Ion  is  the  active 
constituent,  and  tlie  cacodylates  can  possess  this  only 
■when  they  are  brolien  down  in  the  tissues  into  arsenous 
salts.  The  slowly  dissociating  salts  are  thus  often  used 
to  avoid  the  local  action  of  the  more  irritant  metals ;  for 
example,  many  of  the  recent  compounds  of  iron  have  the 
advantage  over  the  older  salts  of  causing  less  local  irrita- 
tion, while  they  have  practically  the  same  effect  on  the 
blood  formation.  Similarly  several  new  preparations  of 
mercury  have  been  introduced  with  the  view  of  lessening 
the  local  action  on  the  stomach  and  bowel,  or  of  lessening 
the  irritation  induced  by  the  hypodermic  injection  of 
mercury.  These  compounds,  when  soluble,  are  more 
slowly  dissociated  than  corrosive  sublimate,  and,  there 
being  fewer  mercury  ions  present  at  any  one  time,  the 
local  irritant  action  is  accordingly  reduced. 

The  disinfectant  action  of  the  heavy  metals  also  de- 
pends largely  upon  ionization,  for  the  destruction  of  the 
germs  is  due  to  a  chemical  reaction  between  the  metal 
and  the  protoplasm  of  the  microbes ;  and  the  larger  the 
number  of  free  ions  the  greater  the  tendency  to  union. 
The  attempt  has  been  made  to  obtain  germicides  devoid 
of  the  local  irritant  action  by  forming  less  readily  disso- 
ciating salts  than  those  in  ordinary  use.  A  large  number 
of  preparations  have  thus  been  introduced,  partly  com- 
pounds with  organic  acids,  partly  with  proteid  bodies. 
But  as  the  irritant  and  the  germicidal  action  of  most 
metallic  compounds  depend  on  the  same  factor,  namely, 
the  free  ions,  it  seems  likely  that  the  lesser  degree  of  irri- 
tation induced  by  these  is  obtained  only  by  the  sacrifice 
of  much  of  the  disinfectant  value. 

The  double  salts  are  much  less  readily  dissociated  than 
the  simple,  and  not  infrequently  appear  to  liberate  some- 
what complicated  ions,  as  in  the  case  of  the  ferrocyanides 
noted  above.  They  are  therefore  largely  devoid  of  the 
local  action  of  the  parent  substances,  and  this  may  be 
taken  advantage  of  in  therapeutics  occasionally. 

When  two  salts  which  have  one  ion  in  common  are 
dissolved  together  in  water,  the  dissociation  is  consider- 
ably reduced.  For  example,  if  corrosive  sublimate  be 
dissolved  along  with  sodium  chloride,  the  former  is  less 
dissociated  than  if  it  were  dissolved  alone  in  the  same 
amount  of  water.  In  accordance  with  this  general  rule, 
it  is  found  that  the  addition  of  sodium  chloride  to  a  mer- 
curic perchloride  solution  lessens  both  its  irritant  and  its 
germicidal  power,  and  in  cases  in  which  it  is  desirable  to 
mitigate  the  former,  and  in  which  the  latter  is  of  no  im- 
portance, as  in  the  treatment  of  syphilis  by  the  hypoder- 
mic method,  this  mixture  may  be  used  instead  of  the 
pure  mercuric  salt. 

The  complete  treatment  of  the  dissociation  of  salts 
would  involve  a  large  part  of  pharmacology  and  thera- 
peutics, in  which  the  importance  of  the  phenomenon  is 
daily  becoming  more  evident.  The  inorganic  materia 
medica  is  more  dependent  on  the  principle  than  the  or- 
ganic, as  the  dissociation  is  much  more  complete  in  the 
former.  It  is  possible  to  exaggerate  the  importance  of 
the  new  law,  however,  for  many  of  the  facts  and  prin- 
ciples of  therapeutics  remain  unaltered  by  its  introduc- 
tion. For  example,  it  is  undoubtedly  more  in  accord 
with  modem  theory  to  attribute  the  effects  in  epilepsy  to 
the  bromide  ion  than  to  the  bromides,  as  was  formerly 
done,  but  this  is  after  all  a  matter  of  nomenclature,  and 
it  is  perhaps  necessary  at  the  present  time  to  remember 
that  there  was  a  science  and  practice  of  therapeutics 
before  the  ion  theory  was  broached.  On  the  other  hand, 
there  can  be  no  question  that  it  has  thrown  much  light 
on  many  questions,  and  removed  many  misconceptions. 
In  the  case  of  the  bromides,  for  example,  it  is  scarcely 
possible,  to  maintain  at  the  present  time  that  the  bromide 
of  ammonium  is  superior  to  that  of  sodium,  except  pos- 
sibly in  regard  to  the  local  action  on  the  alimentary  tract, 
for  in  each  case  the  active  constituent  is  the  bromide  ion, 
and  this  is  equally  readily  furnished  by  either  salt. 

In  physiology  and  biology  generally  the  theory  of  ions 
is  of  great  importance,  as  is  at  once  apparent  from  the 
fact  that  the  fluids  and  tissues  of  the  body  can  only  con- 
duct the  electric  current  through  the  presence  of  ions. 


Every  electric  stimulus  causes  a  change  in  their  distribu- 
tion, and  every  electrical  discharge  (and  electrical  changes 
accompany  every  movement  and  every  other  form  of 
activity)  is  intimately  connected  with  the  presence  of 
free  ions,  and  in  fact  is  possible  only  in  their  presence. 
The  whole  of  electro-physiology,  and  naturally  of  electro- 
therapeutics, has  thus  to  be  based  on  the  ionic  theory,  and 
the  fact  that  every  life  process  so  far  investigated  has 
proved  to  be  accompanied  by  electric  changes  indicates 
that  the  presence  of  free  ions  is  necessary  to  life  itself. 
This  of  course  agrees  with  the  fact  that  inorganic  salts 
are  present  in  every  living  tissue. 

Not  only  do  living  tissues  require  the  presence  of  free 
ions,  but  even  dead  colloid  material  is  altered  very  re- 
markably by  them.  And  certain  facts  have  recently  been 
brought  out  in  regard  to  the  dependence  of  the  proteids 
on  certain  ions  which  promise  to  have  a  far-reaching  in- 
fluence on  biology  and  hence  on  medical  science.  It  has 
long  been  known  that  many  proteids,  notably  the  globu- 
lins, are  precipitated  from  solution  when  such  salts  as  the 
sulphates  of  magnesium  or  ammonium  are  added  to  them. 
But  Hardy  has  recently  shown  that  the  precipitation  and 
solution  of  colloids,  such  as  the  proteids,  depend  largely 
on  the  valency  of  the  ions  present  in  the  solution.  Thus 
bivalent  cations  precipitate  some  colloids  in  comparative- 
ly small  quantities,  and  trivalent  cations  are  still  more 
etiicacious,  while  monovalent  cations  tend  to  keep  them 
in  solution  or  have  a  very  much  smaller  precipitating  ac- 
tion. The  bivalent  and  still  more  the  trivalent  cations- 
thus  tend  to  oppose  the  monovalent  cations  in  regard  to 
colloid  solubility ;  and  as  ions  are  necessary  to  the  life 
phenomena,  the  monovalent  must  be  counterbalanced  by 
the  bivalent  in  the  tissues,  for  either  of  these  alone  would 
tend  to  change  the  colloids  from  the  normal  condition  to- 
one  of  excessive  or  deficient  fluidity. 

A  good  deal  of  interest  has  been  aroused  in  regard  to- 
the  antagonistic  action  of  ions  in  living  tissues,  which  is 
found  to  present  some  similarity  to  that  described  by 
Hardy  in  dead  colloid  matter.     The  organ  examined  with, 
most  care  in  this  relation  is  the  frog's  heart,  a  very  sen- 
sitive reagent  to  changes  in  its  environment.     It  has  long 
been  known  that  the  excised  frog's  heart  will  beat  for 
a  long  time  when  supphed  with  oxygenated  blood  or 
serum,  and  also  in  fluids  containing  no  organic  matter, 
but  merely  the  inorganic  salts  of  serum.     On  the  other 
hand,  solutions  of  non-electrolytes,  such  as  sugar,  fail  to 
maintain  the  contractions.     The  presence  of  ions  in  the 
perfusing  fluid  is  therefore  necessary  to  maintain  the 
heart  in  activity.     But  all  ions  are  not  equally  efficient, 
for  a  certain  amount  of  sodium  chloride  is  found  to  main- 
tain the  contractions  longer  than  any  other  single  salt. 
The  contractions  very  soon  become  weaker  in  sodium- 
chloride  solution,  however,  and  finally  the  heart  is  ar- 
rested.    But  this  arrest  may  be  prevented  if  the  solution- 
contain  in  addition  to  sodium  chloride  a  trace  of  a  calcium 
salt ;  on  the  other  hand,  a  heart  which  has  ceased  to  beat 
in  sodium  chloride  solution  maybe  induced  to  resume  its- 
pulsations  if  calcium  be  added  to  the  perfusing  solution. 
This  phenomenon  was  first  noted  by  Ringer,*  and^  ha& 
been  confirmed  by  all  subsequent  observers ;  but  views, 
differ  as  to  the  interpretation  to  be  given  it.     Howell  has- 
upheld  the  theory  that  sodium  and  calcium  are  both  nec- 
essary to  the  heart,  and  that  when  sodium  chloride  solu- 
tion is  perfused  alone,  the  calcium  in  the  heart  muscle 
diffuses  out  and  is  washed  away  and  the  heart  ceases 
from  its  losing  one  of  the  necessary  constituents,  calcium. 
In  support  of  this  view  he  has  shown  that  when  the  lim& 
ions  are  removed  by  other  means,  e.g.,  by  precipitating- 
them  with  oxalates,  the  heart  ceases  to  beat. 

Loeb,  on  the  other  hand,  holds  that  the  heart  can  only 
beat  in  solutions  of  electrolytes,  and  that  the  least  poison- 
ous of  these  is  formed  by  sodium  and  chloride  ions. 
Even  these  are  not  altogether  harmless,  however  and 
after  a  time  the  heart  ceases  from  poisoning  with  the  so- 

*  Ringe/s  solution,  which  has  been  widely  used  in  physiology  as 
that  most  suitable  for  conserving  the  lile  of  tissues,  contains  sodium, 
potassium,  calcium,  chloride,  phosphate  and  carbonate  ions  and  iSi 
made  up  of  100  c.c.  of  0.75-per-cent.  NaCl.  5  c.c.  of  0.a5-per-cent. 
CaClj,  2.5  c.c.  of  0.5-per-cent.  NaHCOs  and  0.75  c.c.  one-per-cent.  KCl. 
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diura  ion.     Calcium  ions  are  antagonistic  to  sodium,  and 
the  addition  of  lime  salts  therefore  reinstates  the  contrac- 
tions.    To  put  it  shortly,  the  heart  ceases  in  sodium 
■chloride  solution  because,  according  to  one  view,  a  neces- 
sary constituent,  calcium,  is  all  washed  out,  according  to 
the  other,  because  the  sodium  is  poisonous  and  has  to  be 
antagonized  by  the  lime.     Loeb's  view  appears,  at  first 
sight,  the  less  plausible  of  the  two,  because  it  has  been 
Jield  that  sodium  chloride  is  a  perfectly  indifferent  sub- 
stance to  animal  tissues.     It  must,  however,  be  remem- 
bered that  here  there  is  always  sufficient  calcium  present 
to  neutralize  any  poisonous  action  of  the  sodium,  and  this 
argument  has  therefore  little  weight.     On  the  other  hand, 
he  has  brought  forward  some  very  telling  facts  in  its 
favor  in  his  investigations  of  other  organs  than  the  heart. 
Without  going  into  all  of  these,  it  may  be  mentioned 
that  he  found  striated  muscle  undergo  irregular  twitch- 
ing contractions  in  sodium  chloride  solution,  but  these 
were  arrested  by  calcium  and  other  bivalent  salts,  so  that 
the  phenomenon  is  not  confined  to  the  heart  muscle. 
Loeb  found  a  small  fish,  fundulus,  which  lives  in  sea 
water  or  in  distilled  water  indifferently,  but  dies  in  a 
solution  of  sodium  chloride  of  the  same  density  as  sea 
-water._    This  can  only  be  interpreted  as  indicating  that 
there  is  something  present  in  sea  water  which  prevents 
the  poisonous  action  of  sodium  chloiide.     On  investigat- 
ing the  subject  further  he  found  that  in  a  solution  of 
■sodium  chloride,  to  which  traces  of  calcium  salts  were 
added,  the  fundulus  and  its  eggs  lived  as  well  as  in  sea 
water.     The  conclusion  is  inevitable  that  the  lime  nor- 
mally present  in  sea  water  antagonizes  the  poisonous  ac- 
tion  of  sodium  chloride  in  this  case.     The  parallel  be- 
tween the  behavior  of  this  animal  and  that  of  the  frog's 
jheart  and  other  organs  is  so  close  as  to  form  an  important 
support  for  Loeb's  theory  of  the  interaction  of  the  ions. 
It  may  be  added  that  numerous  examples  of  a  similar 
antagonism  are  already  known  in  more  complicated  ions 
than  sodium  and  calcium.     Thus  the  antagonism  of  atro- 
pine and  pilocarpine,  of  curarine  and  physostigmine  in 
striated  muscles,  and  of  the  central  nervous  depressants 
and  strychnine  is  similar,  although  these  differ  in  not 
being  essential  to  the  function  of  the  organs  on  which 
they  act. 

It  is  to  be  noted  that  in  the  case  of  fundulus,  the  action 
of  sodium  chloride  is  antagonized  by  a  comparatively 
minute  amount  of  calcium,  and  also  by  corresponding 
small  quantities  of  other  bivalent  and  trivalent  ions,  such 
as  those  of  barium,  strontium,  lead,  zinc,  chromium,  and 
alum.     Similarly  calcium  removes  or  lessens  the  poison- 
■ous  effects  of  potassium  salts  on  the  heart,  and  the  potas- 
sium ion  is  also  necessary  to  the  normal  contraction,  so 
that  the  antagonism  is  believed  by  some  observers  to  be 
related  to  the  valency  of  the  metallic  ion.     The  fact  that 
«lectrolytes  are  necessary  to  the  heart  and  other  organs 
■suggested  to  Loeb  and  Mathews  the  view  tliat  the  antag- 
onism IS  due,  at  any  rate  in  part,  to  the  electric  charge 
oarried  by  the  ions,  but  this  is  very  far  from  being  proved 
or  from  being  generally  accepted.     For  it  has  been  found 
that  striated  muscle,  which  undergoes  abnormal  contrac- 
tions in  solutions  of  several  monovalent  salts,  fails  to  do 
.so  in  all;  and  while  the  contractions  are  arrested  by  some 
liivalent  metals,  others  have  not  this  effect.     The  conclu- 
sion seems  justified  that  the  antagonistic  effects  are  not 
immediately  associated  with  the  valency  or  the  electric 
oharge,  but  are  the  results  of  some  unknown  special  rela- 
tiOTi  between  the  ions  and  the  protoplasm,  these  relations 
diffenng  in  difterent  organs  and  for  different  metals     In 
other  words,  the  calcium-sodium  antagonism  appears  to 
be  of  the  same  nature  as  the  atropine-pilocarpine  one  and 
18  equally  inexplicable  lu  the  present  stage  of  knowledge 
While  each  of  the  cations  alone  is  poisonous  and  has  to 

I'.MIi  1^/°'"'''  ^^  '"""^  °""^''  °^"°'^'  *°n«  ^^e  necessary 
to  the  hfe  processes.  Protoplasm  can  exist  then  only  in 
the  presence  of  a  number  of  different  salts,  of  which  the 
chief  liberate  sodium,  chloride,  calcium,  and  potassium 
ions.  The  poisonous  effects  of  sodium  are  counteracted 
llfT^  '.^^"  quantities  of  calcium,  the  ratio  obtafninl 
between  those  in  the  best  media  being  about  1,000  to  1 
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An  electric  current  can  be  conducted  through  a  watery 
solution  only  by  means  of  the  ions  at  liberty  in  it.    The 
extent  of  dissociation  in  the  fluid  may  therefore  be  esti- 
mated by  the  conductivity  of  the  solution  or  inversely  by 
the  resistance  met  by  the  current.     As  long  as  there  is 
only  one  salt  in  solution  the  calculation  is  simple  and  the 
results  are  unequivocal.     And  however  many  bodies  are 
in  solution,  the  amount  of  dissociation  may  be  estimated, 
although  if  large  amounts  of  undissociable  matter  (non- 
electrolytes)  be  present  the  results  are  too  low.    But  such 
estimations  give  no  clew  to  the  nature  or  relative  amounts 
of  the  salts  in  solution.     Some  efforts  have  been  made  to 
apply  this  method  to  the  examination  of  the  urine  and 
the  blood  in  the  hope  that  light  might  be  thrown  on  the 
condition  of  the  kidney  by  its  means.     As  a  matter  of 
fact,  however,  the  urine  is  much  too  complex  in  its  com- 
position to  permit  of  results  of  much  value  being  ob- 
tained.    The  chief  electrolytes  here  are  the  chlorides, 
and  a  small  variation  in  their  percentage  may  induce  a 
large  deviation  in  the  resistance,  while  if  the  chlorides 
vary  in  one  direction  and  the  other  salts  in  the  opposite, 
the  resistance  may  remain  almost  unchanged  in  spite  of 
great  alterations  in  the  composition  of  the  urine.    The 
chief  non-electrolyte  is  the  urea,  and  its  presence  in  large 
amount  may  increase  the  resistance  without  any  marked 
change  in  the  amount  of  salts  or  their  dissociation  having 
occurred.     The  method  cannot  therefore  be  regarded  as 
replacing  the  chemical  analysis  of  the  urine,  for  its  re- 
sults are  of  a  totally  different  kind.     And  it  has  not  been 
shown  by  observation  that  the  results  obtained  by  meas- 
uring the  electrical  resistance  can  be  utilized  for  diagno- 
sis or  to  indicate  the  value  of  therapeutic  measures. 

Diffusion  and  Osmotic  Pressure.— When  distilled  water 
is  carefully  poured  upon  a  solution  of  sugar  so  that  the 
two  liquids  do  not  immediately  mix,  the  sugar  molecules 
soon  begin  to  penetrate  into  the  pure  water,  and  after  a 
sufficient  lapse  of  time  the  contents  of  the  vessel  become 
homogeneous,  the  percentage  of  sugar  in  what  was  dis- 
tilled water  being  the  same  as  in  the  part  corresponding 
to  the  original  solution.  The  explanation  is  that  the 
molecules  are  in  constant  movement  and,  diffusing  in  all 
directions,  some  of  them  penetrate  into  the  pure  water 
and  this  process  goes  on  until  the  latter  contains  as  many 
particles  as  the  original.  The  movement  still  continues 
but  now  as  many  molecules  diffuse  back  into  the  lower 
layer  as  into  the  upper  so  that  equilibrium  is  maintained 
Tlie  process  is  the  same  as  that  seen  when  a  crystal  of 
sugar  is  dissolved,  for  here  also  the  constituent  molecules 
leave  each  other  and  wander  throughout  the  fluid. 

When  a  membrane  is  stretched  between  the  two  fluids  ' 
the  result  varies  with  its  character.  If  the  membrane 
otters  no  resistance  to  the  passage  of  water  and  sugar 
the  same  phenomenon  is  observed  as  if  they  were  not 
separated  by  a  membrane;  the  fluid  on  each  side  becomes 
homogeneous,  although  this  generally  takes  more  time 
owing  to  the  fact  that  currents  are  less  liable  to  aid  the 
process.  If  the  membrane  be  permeable  to  neither  sugar 
nor  water,  of  course  the  fluids  remain  completely  isolated 
and  unchanged.  On  the  other  hand,  some  membranes, 
known  as  semipermeable  membranes,  permit  the  passage 
ot  water  and  not  of  sugar.  For  the  sake  of  clearness 
suppose  that  a  solution  of  sugar  be  placed  in  the  upper 
vessel  of  a  diffusion  apparatus  with  a  semipermeable 
membrane,  and  distilled  water  in  the  lower.  In  this  case 
the  molecules  of  water  in  the  lower  vessel  can  penetrate 
into  the  upper,  while  on  the  other  hand  those  in  the 
upper  cannot  escape  into  the  lower.  The  reason  for  this 
IS  simple;  for  if  water  escaped  from  the  sugar  solution 
without  an  equivalent  amount  of  the  sugar,  the  solution 
wouia  be  more  concentrated.  Now  in  order  to  concen- 
trate the  sugar  solution,  work  has  to  be  done ;  for  ex- 
ample, it  may  be  concentrated  by  heating  it.  But  in  the 
diffusion  apparatus  there  is  no  source  of  energy  available 
tor  concentration,  and  the  result  is  that  the  water  cannot 
escape  from  the  upper  vessel.  On  the  other  hand,  the 
menibrane  being  permeable  for  water,  the  molecules  in 
tlie  lower  vessel  find  no  difllculty  in  entering  the  upper. 
Ihe  result  is  that  the  sugar  solution  becomes  more  dilute, 
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"while  the  water  in  the  lower  vessel  diminishes  in  volume 
until  it  may  disappear  altogether.  If  sufficient  pressure 
be  applied  to  the  sugar  solution,  the  water  will  cease  to 
enter  it  from  the  lower,  and  the  amount  of  pressure  which 
suffices  to  arrest  the  movement  of  the  water  is  known  as 
the  osmotic  pressure  or  osmotic  tension  of  the  sugar  solution. 
The  phenomenon  is  known  as  osmosis,  but  it  must  be 
recognized  that  osmosis  is  merely  a  diffusion  under  spe- 
cial circumstances,  for  the  whole  is  due  to  the  movement 
of  molecules,  all  of  which  are  free  in  ordinary  diffusion, 
while  some  of  them  («.(/.,  sugar  in  the  above  example)  are 
restricted  in  their  movements  in  osmosis. 

The  osmotic  pressure  is  found  to  vary  directly  with  the 
number  of  molecules  in  the  solution,  a  concentrated  solu- 
tion causing  a  more  rapid  flow  and  a  higher  pressure  than 
a  more  dilute  one.  Thus  a  one-per-cent.  solution  of  cane 
sugar  exercises  a  pressure  of  535  mm.  of  mercury,  a  two- 
per-cont.  of  1,070  mm.,  and  so  on.  The  pressure  exer- 
cised by  even  dilute  solutions  is  very  considerable,  as  is 
seen  on  transforming  these  figures  into  atmospheres,  for 
a  two-per-cent.  sugar  solution  is  then  found  to  give  a 
pressure  of  nearly  one  and  a  half  atmospheres.  This  is 
even  more  remarkable  when  a  smaller  molecule  than 
sugar  is  chosen.  Thus  a  one-per-cent.  solution  of  potas- 
sium nitrate  exercises  a  pressure  of  over  three  atmos- 
pheres. As  the  pressure  depends  upon  the  concentration 
of  the  solution,  it  decreases  and  the  movement  becomes 
slower  as  the  process  goes  on,  for  the  water  diffusing  into 
the  sugar  solution  dilutes  it. 

As  osmosis  is  merely  a  special  form  of  diffusion,  it 
follows  that  only  diffusible  and  dissolved  substances  can 
exercise  osmotic  pressure.  The  colloids,  such  as  pro- 
teids,  are  therefore  generally  believed  not  to  have  any  in- 
fluence on  the  movement  of  fluids  because  they  are  not 
in  true  solution,  but  rather  in  a  state  of  suspension. 
Others  hold  that  though  In  solution,  they  exercise  no  ap- 
preciable tension  because  the  molecule  is  so  large.  As 
each  molecule  in  solution  has  the  same  osmotic  effect,  it 
stands  to  reason  that  a  one-per-cent.  solution  of  sugar 
must  induce  an  immensely  greater  pressure  than  a  one- 
per-cent.  solution  of  albumin,  because  the  number  of 
molecules  dissolved  in  the  former  is  so  much  greater. 
The  proteids  always  contain  a  certain  amount  of  soluble 
salts,  and  these  are  sufficient  to  cause  some  osmotic  ten- 
sion ;  so  that  it  is  not  yet  decided  which  explanation  is 
correct,  but  in  any  case  the  osmotic  pressure  of  the  pro- 
teids is  so  small  as  to  be  negligible. 

Very  often  membranes  are  met  which  offer  a  certain 
amount  of  resistance  to  the  passage  of  dissolved  diffusible 
bodies  while  allowing  water  to  pass  freely.  If  such  a 
membrane  separated  a  sugar  solution  and  water,  the  lat- 
ter would  at  first  pass  through  into  the  solution  rapidly 
under  considerable  osmotic  pressure.  But  some  sugar 
also  passes  downward,  and  there  is  thus  formed  a  strong 
solution  of  sugar  above  rapidly  being  diluted  and  a  weak 
solution  of  sugar  below  rapidly  becoming  stronger  from 
the  continued  permeation  of  sugar  into  it  and  the  escape 
of  water  upward.  Finally  equilibrium  is  reached  by  the 
solutions  on  each  side  of  the  membrane  attaining  the 
same  concentration. 

The  same  principles  hold  when  solutions  are  present  on 
each  side  of  the  membrane,  the  direction  of  flow  being 
always  toward  that  side  on  which  the  larger  number  of 
molecules  are  present,  provided  the  membrane  is  semi- 
permeable. The  osmotic  pressure  is  determined  by  the 
difference  of  the  osmotic  pressures  of  the  two  solutions 
toward  distilled  water.  If  the  same  body  is  in  solution 
on  the  two  sides  of  a  permeable  membrane,  the  water 
tends  to  pass  toward  the  stronger  solution,  while  the  solid 
passes  in  the  opposite  direction  until  equilibrium  is 
reached.  When  two  different  bodies  in  solution,  e.y,, 
sugar  and  urea,  are  separated  by  a  membrane  which  is 
permeable  by  each  of  them,  they  difliuse  freely  through 
it  and  the  two  solutions  soon  become  identical,  each  con- 
taining the  same  percentage  of  urea  and  sugar.  If  the 
urea  can  penetrate  the  membrane  while  the  sugar  fails  to 
do  so,  the  osmotic  pressure  is  that  of  the  sugar  solution 
and  the  urea  solution  will  pass  toward  the  sugar  as  long 


as  the  latter  can  exert  appreciable  pressure.  In  other 
words,  no  osmotic  pressure  is  exerted  by  a  fluid  toward  a. 
membrane  which  it  can  pass  through. 

When  neither  sugar  nor  urea  can  pass  through  the 
membrane,  the  water  passes  from  the  solution  containing 
the  smaller  number  of  molecules  toward  that  containing- 
the  larger  number  until  equilibrium  is  established  by 
each  solution  containing  the  same  number  of  molecules: 
per  cent,  of  water.  The  weaker  solution  is  often  known 
as  the  hypotonic  or  hypoisotonic,  the  stronger  as  the  hyper- 
tonic or  hypensotonic,  while  two  solutions  possessing  the- 
same  osmotic  pressure  are  known  as  isotonic  solutions. 

In  biology  the  problems  in  diffusion  are  much  more- 
complex  than  the  examples  given  above,  but  they  all 
depend  on  these  general  rules.  In  the  first  place  the- 
solutions  are  much  more  complicated,  containing  a  num- 
ber of  different  substances  in  solution ;  in  the  second,  the 
membranes  are  neither  perfectly  permeable  nor  semiper- 
meable. They  permit  the  passage  of  some  of  the  constit- 
uents of  the  fluids,  but  as  a  general  rule  few  of  these  pass- 
quite  freely,  and  the  amount  of  resistance  varies  with  each 
kind  of  molecule.  Further  it  must  be  recognized  that  a 
dissociated  salt  exercises  not  the  osmotic  tension  of  a, 
molecule,  but  that  of  its  ions.  In  a  dilute  solution  of 
sodium  chloride,  for  example,  the  osmotic  pressure  is  not 
measured  by  the  number  of  molecules,  for  each  ion  exer- 
cises the  same  osmotic  effect  as  a  molecule  of  sugar,  or  as- 
an  undissociated  molecule  of  salt. 

Bach  cell  in  the  body  may  be  conceived  as  the  inner- 
vessel  of  a  diffusion  apparatus,  separated  from  the  sur- 
rounding fluids  by  a  membrane,  for  though  this  mem- 
brane has  no  anatomical  existence,  the  colloid  nature  of 
protoplasm  has  the  same  final  effect  as  if  the  cell  were 
surrounded  by  a  membrane.  All  cells  are  permeable  by 
water,  but  each  kind  of  cell  appears  to  differ  in  the  facil- 
ity with  which  it  permits  the  permeation  of  salts  and  the 
other  bodies  dissolved  in  the  body  fluids.  Some,  for  ex- 
ample, allow  the  passage  of  ammonium  readily,  while- 
others  refuse  it  entrance.  Others  take  up  sodium  sul- 
phate as  readily  as  sodium  chloride,  while  others  accept 
the  latter  and  reject  the  former.  Now  if  the  intercellular 
fluid  contains  any  substance  which  is  not  capable  of  pene- 
trating the  cells,  it  must  exert  osmotic  pressure  on  the 
cell;  and  unless  this  pressure  is  counterbalanced  by  other 
bodies  in  the  interior  of  the  cell  which  similarly  cannot 
escape  from  it,  the  fluid  of  the  cell  will  be  drawn  out  and 
shrinkage  will  result.  Every  cell  in  the  body  then  must 
be  conceived  as  existing  in  a  condition  of  equilibrium, 
the  osmotic  tension  of  the  salts,  etc.,  in  its  interior  being- 
pitted  against  that  of  the  surrounding  fluid,  and  the 
smallest  change  in  either  of  these  leading  to  an  inflow  or 
outflow  of  water  from  the  cell.  Now  such  changes  are 
continually  in  progress,  for  as  the  proteids  and  carbo- 
hydrates of  the  cells  are  broken  down  into  simpler  bodies, 
soluble  in  water,  each  molecule  so  formed  acquires 
osmotic  properties,  and  either  diffuses  freely  into  the  sur- 
rounding fluid,  or  causes  an  inflow  of  water  into  the  cell. 
In  either  case  the  equilibri\im  is  disturbed  until  the  neyr^ 
product  is  removed  by  the  excretory  functions.  The  im-  \ 
portance  of  diffusion  and  osmosis  in  the  functions  of  the ! 
body  cannot  therefore  be  overestimated;  in  fact,  it  may 
be  said  that  while  the  more  obvious  movements  of  the 
fluids  of  the  body  are  determined  by  the  circulatory 
mechanism,  the  finer  but  no  less  important  exchange  be- 
tween the  cells  and  the  intercellular  fluid  is  in  large  part 
directed  by  the  laws  of  diffusion.  And  while  a  knowl- 
edge of  the  arterial  supply  of  an  organ  is  recognized  to- 
be  necessary  for  an  understanding  of  its  physiology  and 
pathology,  it  is  probably  no  less  desirable  to  ascertain  the 
permeability  of  its  cells  for  the  constituents  of  the  sur- 
rounding fluids.  The  osmotic  pressure  varying  with  the 
nature  of  the  membrane  or  cell,  and  also  -with  the  salt  in 
solution,  the  only  way  to  determine  the  results  of  expos- 
ing the  cell  to  a  solution  of  the  salt  is  the  experimental, 
and  a  considerable  amount  of  work  has  been  done  in  this 
direction,  so  that  the  permeability  of  some  cells  is  known 
for  a  large  number  of  salts  and  other  bodies.  In  this 
methoS  of  procedure  the  cells  under  examination,  e.g., 
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the  red  blood  cells,  are  exposed  to  solutions  of  different 
strengths,  and  the  concentration  whicli  induces  neitlier 
shrinking  nor  swelling  of  the  cell  is  ascertained.  This 
concentration  is  that  balanced  by  the  intracellular  fluid, 
and  the  solution  is  said  to  be  isotonic  for  that  cell.  The 
salt  in  solution  must  obviously  fail  to  penetrate  the  cell, 
or  do  so  only  extremely  slowly,  for  if  it  permeates 
freely  the  water  in  which  it  is  dissolved  will  also  pass 
into  the  cell  and  expand  it.  In  such  an  isotonic  solution 
the  number  of  molecules  percent  is  exactly  equal  to  that 
in  the  interior  of  the  cell,  and  a  solution  containing  the 
same  number  of  molecules  and  ions  of  any  other  non- 
permeating  salt  will  also  be  isotonic  and  cause  no  change 
in  the  size  of  the  cell.  For  example,  if  a  0.75-per-cent. 
solution  of  sodium  chloride  has  been  found  isotonic  for 
the  blood  cells,  an  equivalent  solution  of  sodium  sulphate 
or  of  ammonium  chloride  will  also  preserve  the  size  of 
the  cells  unchanged,  provided  these  salts  are  equally  in- 
capable of  permeating  the  cell.  If  one  of  these,  e.g. ,  that 
of  ammonium  chloride  causes  swelling  of  the  cell  and  the 
•escape  of  haemoglobin,  then  this  salt  must  permeate  more 
freely  than  sodium  chloride. 

In  the  case  of  non-dissociating  bodies,  such  as  alcohol, 
sugar,  or  urea,  equimolecular  isotonic  solutions  can  be 
made  by  calculating  the  atomic  weights.  In  the  case  of 
the  salts  this  method  fails,  for  the  dissociation  varies  for 
•different  salts  and  for  different  dilutions,  and  each  ion 
•exercises  the  osmotic  pressure  of  a  molecule.  Other 
methods  have  therefore  been  adopted,  and  of  these  the 
•estimation  of  the  depression  of  the  freezing  point  has 
come  into  general  use  in  the  last  few  years.  This  method, 
it  must  be  emphasized,  does  not  indicate  the  osmotic 
pressure  for  all  membranes,  nor  the  permeating  qualities 
of  the  substance,  but  only  the  total  number  of  molecules 
and  ions  in  the  solution.  It  depends  upon  the  fact  that 
.solutions  containing  the  same  total  number  of  ions  and 
molecules  per  cent,  freeze  at  the  same  temperature, 
■which  is  lower  than  that  at  which  distilled  water  freezes 
to  ice.  If  two  solutions  lower  the  freezing  point  an  equal 
■extent  below  0°  C,  therefore,  they  contain  the  same  num- 
ber of  ions  and  molecules,  and  are  isotonic  toward  a  semi- 
permeable membrane.  The  estimations  are  made  by 
means  of  thermometers  reading  to  -j-^j"  C,  and  allowing 
of  approximations  to  t^^°  C,  and  with  some  care  and 
practice  in  the  method  very  exact  determinations  may  be 
made.  A  very  extensive  use  of  this  freezing  method  has 
been  made  in  experimental  work,  and  some  results  have 
also  been  obtained  in  clinical  medicine,  but  the  details  of 
the  method  can  only  be  given  in  works  dealing  specially 
-with  this  subject.  The  depression  of  the  freezing  point  of 
any  solution  below  that  of  pure  water  is  generally  ex- 
pressed by  the  symbol  a.  If  the  salt  is  not  capable  of 
penetrating  a  cell,  its  osmotic  pressure  varies  with  the  a 
of  the  solution,  i.e.,  with  the  concentration  of  molecules 
.and  ions,  and  if  two  solutions  of  non-permeating  salts  have 
the  same  a,  their  influence  on  the  movement  of  the  fluid 
of  the  cell  will  be  equal.  On  the  other  hand.  If  the  salt 
permeates  without  difiiculty,  the  a  is  of  no  signittcance 
in  regard  to  the  effects  of  the  solution  on  the  cells. 

The  relations  of  the  salts  to  the  tissues  has  been  worked 
out  in  most  detail  in  the  case  of  the  red  blood  cells.  It  is 
found  that  in  a  0.75-per-cent.  solution  of  sodium  chloride, 
the  cells  maintain  their  form  and  size  unchanged,  i.e.,  the 
salt  fails  to  penetrate  the  cells  and  exercises  the  sau'e 
osmotic  pressure  as  the  diffusible  contents  of  the  cells,  or 
is  isotonic  with  the  fluid  in  the  interior  of  the  cell  '  If 
the  cells  be  exposed  to  pure  water,  they  swell  up  and  dis- 
charge their  hemoglobin,  and  the  same  occurs  in  weak 
(hypotonic)  solutions  of  sodium  chloride.  The  salt  here 
being  in  lower  concentration  than  the  contents  of  the 
corpuscles,  a  current  of  water  sets  inward  toward  the 
stronger  solution.  In  solutions  of  greater  concentiation 
than  0.75  per  cent,  (hypertonic  solutions)  the  cells  shrink 
from  the  loss  of  water,  which  flows  outward  toward  the 
stronger  solution.  Similar  phenomena  are  seen  when 
other  salts  of  the  fixed  alkalies  are  employed,  so  that 
these  salts  appear  to  be  unable  to  penetrate  the  corpus- 
cles except  to  a  very  slight  extent. 
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In  solutions  of  ammonium  chloride,  on  the  other  hand, 
the  cells  swell  up  and  lose  their  haemoglobin,  whether  the 
solution  be  isotonic  with  0.75-per-cent.  NaCl,  or  much 
stronger.  The  conclusion  is  that  the  ammonium  chloride 
can  penetrate  the  cells  and  thus  exercises  no  osmotic 
resistance  to  the  entrance  of  water,  so  that  the  effect  of 
ammonium  chloride  solution  is  practically  identical  with 
that  of  pure  water.  Many  other  ammonium  salts  resem- 
ble the  chloride  in  penetrating  the  red  blood  corpuscles; 
but  others,  such  as  the  sulphate  and  phosphate,  fail  to 
enter  the  cell  entirely,  or  penetrate  witli  great  difficulty. 
The  sulphate  and  phosphate  ions,  therefore,  like  the  so- 
dium and  potassium  ions,  are  non-permeating,  and  exer- 
cise osmotic  pressure  on  the  cell  wall.  Unless  both  ions 
of  a  salt  can  enter  the  cell,  neither  does  so.  Many  non- 
electrolytes,  such  as  urea  and  compound  ammonias,  ap- 
pear to  enter  the  blood  cells  freely. 

The  absorption  of  salt  solutions  in  the  intestine  also 
presents  an  interesting  example  of  the  importance  of 
diffusion  in  vital  processes.  A  solution  of  sodium  chlo- 
ride isotonic  with  the  blood  is  absorbed  readily,  whence  it 
is  interred  that  sodium  chloride  can  penetrate  the  mucous 
membrane.  A  hypotonic  solution  is  similarly  taken  up 
easily,  and  still  more  readily  pure  water.  A  hypertonic 
solution,  on  the  other  hand,  disappears  from  the  bowel 
more  slowly,  and  very  often  the  fluid  first  increases  in  the 
lumen  until  it  has  become  almost  isotonic  with  the  blood, 
and  only  then  disappears  into  the  tissues.  The  sodium 
chloride  does  not,  therefore,  permeate  the  bowel  wall 
without  resistance,  otherwise  a  hypertonic  solution 
would  be  taken  up  as  quickly  as  distilled  water.  On  the 
contrary,  a  hypertonic  solution  first  exercises  osmotic 
pressure  on  the  cells  and  causes  them  to  lose  water.  At 
the  same  time  some  of  the  chloride  has  disappeared  into 
the  cells,  and  the  solution  remaining  is  diluted  with  the 
water  exuding,  until  it  is  so  weak  that  the  osmotic  resis- 
tance is  overcome  bj'  the  absorbing  forces  and  the  whole 
is  absorbed  into  the  blood. 

When  the  sulphate  of  sodium  passes  into  the  bowel  in 
solution,  this  feature  is  still  more  marked.  An  isotonic  so- 
lution has  little  tendency  to  be  absorbed,  and  on  the  other 
hand  is  not  increased  in  volume,  the  solution  in  the  bowel 
counterbalancing  the  osmotic  pressure  of  the  cell  contents. 
A  hypotonic  solution  decreases  slowly  because  its  os- 
motic pressure  is  less  than  that  of  the  cell  contents,  and 
water  therefore  tends  to  pass  from  the  weaker  fluid  in  the 
lumen  to  the  stronger  in  the  blood ;  but  the  fluid  escapes 
from  the  bowel  much  more  slowly  than  in  the  case  of 
an  hypotonic  solution  of  sodium  chloride.  If  hyper- 
tonic solutions  be  used,  the  bulk  isat  flrst  much  increased 
owing  to  fluid  from  the  blood  escaping  into  the  stronger 
solution.  Finally  the  sulphate  solution  becomes  isotonic 
with  the  blood  and  is  very  slowly  absorbed  If  the  weight 
of  the  fluid  in  the  bowel  does  not  set  up  reflex  peristalsis 
and  cause  evacuation.  This  slow  absorption  from  the 
bowel  is  still  more  marked  in  the  case  of  magnesium  sul- 
phate, in  which  both  ions  appear  to  be  taken  up  with  re- 
luctance by  the  mucous  membrane.  As  these  salts  fail 
to  leave  the  bowel  and  retain  the  water  in  which  they  are 
dissolved,  they  render  thecontents  more  fluid  than  usual, 
and  the  unusual  weight  and  distention  cause  peristaltic 
movementsand  evacuation.  The  purgative  action  of  the 
saline  cathartics  arises  from  the  difiiculty  with  which 
they  enter  the  epithelial  cells.  It  is  to  be  remarked  that 
here,  as  in  the  case  of  the  red  blood  cells,  the  sulphates 
diffuse  with  greater  difiiculty  than  the  chlorides;  on  the 
other  hand,  the  chlorides  of  the  fixed  alkalies  are  taken 
up  freely  by  the  bowel  wall,  while  they  fail  to  permeate 
into  the  corpuscles,  and  the  oxalate  of  ammonium,  which 
penetrates  the  blood  cells,  is  rejected  by  the  epithelium. 
The  presence  of  the  salt  solution  in  the  stomach  and 
intestine  inducing  such  movements  of  fluid  into  the  bowel 
and  back  into  the  blood,  naturally  causes  considerable 
disturbance  in  the  distribution  of  the  fluids  of  the  body. 
When  a  strong  sulphate  solution  is  diluted  by  fluid 
poured  into  the  intestine,  for  example,  this  fluid  comes 
from  the  blood  and  indirectly  from  the  fiuids  of  the  tis- 
sues.    A  similar  exchange  without  doubt  follows  the  ab- 
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sorption  of  salt  solutions  into  the  blood,  but  this  is  diffi- 
cult to  follow  experimentally.  "When  salt  solutions  are 
injected  into  the  blood- vessels,  however,  it  is  found  that 
there  is  a  marked  disturbance  of  the  equilibrium  of  the 
tissues.  If  the  solution  is  hypertonic,  there  is  a  flow 
from  the  lymph  spaces  toward  the  blood  which  continues 
Tintil  the  plasma  recovers  its  normal  density  The  cur- 
rent then  is  found  flowing  in  the  opposite  direction  from 
the  blood-vessels  into  the  tissues.  The  lymph  measured 
in  the  thoracic  duct  is  found  to  be  lessened  at  flrst  owing 
to  the  inflow  into  the  vessels,  but  later  more  Ij'mph  passes 
along  the  duct  than  usual,  owing  to  the  current  of  fluid 
passing  toward  the  tissues  from  the  blood. 

The  injection  of  salts  into  the  blood-vessels  or  their  ab- 
sorption from  the  bowel  leads  to  considerable  diuresis. 
The  explanation  of  this  diuresis  is  still  a  matter  of  dis- 
cussion, but  there  can  be  no  question  that  the  diffusion 
and  osmotic  properties  of  the  salts  play  an  important 
r61e  in  this  result.  The  accumulation  of  fluid  in  the 
blood  at  the  expense  of  the  tissues  naturally  leads  to  an 
unusual  bulk  of  the  contents  of  the  blood-vessels,  and 
this  in  turn  to  an  increased  pressure  in  the  capillaries. 
This  engorgement  of  the  vessels  cannot  be  relieved  by  an 
outflow  into  the  tissues,  for  this  is  prevented  by  the  cur- 
rent of  lymph  pouring  into  the  vessels.  Only  one  way 
of  escape  remains,  that  through  the  kidneys,  and  the  in- 
flow of  lymph  is  therefore  accompanied  and  followed  by 
diuresis,  which  is  thus  in  large  part  explained  by  the 
physical  forces,  although  there  is  doubtless  much  still 
obscure  in  tJie  process.  Different  salts  vary  in  their 
•diuretic  properties,  and  this  might  at  first  seem  to  indi- 
cate that  the  diffusion  was  of  secondary  importance. 
As  a  matter  of  fact,  however,  many  of  these  differences 
can  be  explained  by  varying  rates  of  diffusion.  For  ex- 
ample, the  sulphates  are  as  a  general  rule  inferior  diu- 
retics when  given  per  os,  because  they  fail  to  reach  the 
blood  for  the  most  part  from  their  cathartic  action.  On 
the  other  hand,  sulphate  of  sodium,  injected  intrave- 
nously, causes  much  greater  diuresis  than  an  equimolecu- 
lar  solution  of  sodium  chloride,  even  if  it  causes  the  same 
inflow  into  the  vessels  and  the  same  degree  of  hydrsemia. 
This  has  been  explained,  however,  by  the  renal  tubules 
failing  to  absorb  the  sulphate,  while  taking  up  the  chlo- 
ride readily.  If  this  is  the  case,  as  appears  very  prob- 
able, the  sulphate  failing  to  penetrate  the  renal  tubules 
and  thus  return  to  the  blood,  must  hold  a  certain  amount 
of  water  in  the  tubules  ■*\'hich  would  otherwise  return 
to  the  blood.  The  chloride,  on  the  other  hand,  returns 
Teadily  through  the  epithelium  lining  the  tubules,  and 
thus  retains  less  water  in  the  tubules  and  causes  less 
diuresis  In  this  view  the  epithelium  of  the  tubules 
resembles  that  of  the  intestine  in  repelling  sulphates  and 
phosphates  and  admitting  chlorides  readily,  but  differs 
from  it  in  showing  little  avidity  for  urea  and  sugar. 

The  urine  is  generally  a  much  more  concentrated  fluid 
than  the  blood ;  that  is,  it  contains  a  larger  number  of 
molecules  and  ions.  The  kidney  must  thus  do  a  con- 
siderable amount  of  work  in  concentrating  such  a  fluid 
from  the  more  dilute  blood  plasma,  and  by  estimating 
the  A  of  the  blood,  which  is  remarkably  constant  (about 
-  0.56°  C),  and  comparing  it  with  that  of  the  urine,  the 
actual  work  done  may  be  estimated  exactly.  Dreser  cal- 
culated the  work  done  by  the  kidney  in  forming  200  c.c. 
of  average  urine  at  the  large  sum  of  37  metre  kilograms 
or  over  370  foot-pounds,  but  this  may  be  greatly  exceeded 
in  cases  of  very  concentrated  urine.  Attempts  have  been 
made  to  use  this  method  of  estimating  the  work  of  the 
kidney  in  clinical  medicine,  and  the  subject  has  been 
treated  of  at  great  length  in  recent  years  under  the  title 
of  cryoscopy.  As  yet  no  results  of  importance  bearing  on 
diagnosis  or  prognosis  in  renal  affections  have  been  ar- 
rived at. 

When  very  concentrated  solutions  of  salts  or  other  dit 
fusible  bodies  are  brought  in  contact  with  living  cells, 
some  fluid  escapes  from  these  into  the  solutions,  and  this 
often  deranges  the  activity  of  the  cell.  This  may  be  ob 
served  in  the  stomach  when  strong  solutions  of  such 
larmless  bodies  as  common  salt  or  sugar  are  swallowed, 


the  disturbance  of  the  equilibrium  manifesting  itself  in 
irritation,  nausea,  and  vomiting.  In  the  same  way  a 
strong  solution  applied  to  wounds  or  mucous  membranes 
causes  irritation  and  pain  from  the  withdrawal  of  fluid 
and  precipitation  of  proteids.  The  same  desiccation  of 
the  tissues  may  arise  to  a  less  degree  from  the  presence 
of  excess  of  salt  or  sugar  in  the  blood.  The  organs 
which  suffer  chiefly  are  the  brain  and  spinal  cord,  as  is 
manifested  in  tremors  and  convulsions,  and  later  by 
paralysis  and  asphyxia,  wlien  strong  solutions  of  salts, 
sugar,  urea,  or  other  diffusible  substances  are  injected 
intravenously  in  animals.  Arthur  R.  Cushny. 

DUCTUS  ARTERIOSUS.— Sj/noTjj/ms:— Ductus  ar- 
teriosus Botalli,  Ductus  Botalli,  Arterial  canal,  Arterial 
duct. 

This  atypical  blood-vessel  represents  the  remains  of 
part  of  the  fourth  left  arterial  arch  of  the  early  embryo, 
which  functionates  until  birth  to  carry  part  of  the  blood 
from  the  pulmonary  artery  to  the  aorta,  but  inimediately 
after  birth  it  becomes  occluded,  and  eventually  it  becomes 
completely  obliterated.  At  the  time  of  birth  it  is  as  large 
as  or  even  larger  than  the  main  divisions  of  the  pulmo- 
nary artery,  being  from  5  to  7  mm.  in  diameter,  and 
from  4  to  20  mm.  long,  generally  9  to  12  mm.  (Gerard). 
It  arises  from  the  pulmonary  artery  at  the  bifurcation, 


Fig.  .5136.— The  Ductus  Arteriosus,  after  Dissection  of  the  vessels  at 
the  Base.  (G#ard.)  1,  Ductus  arteriosus  ;  3,  pulmonary  artery  ; 
3,  aorta ;  4,  pneumogastric  nerve  ;  5,  recurrent  nerve  ;  6,  innominate 
artery ;  7,  left  common  carotid ;  S,  left  subclavicular  artery ;  9, 
superior  vena  cava. 

or  a  little  to  the  left  of  this  point,  and  passes  first  hori- 
zontally, then  .slightly  downward,  nearly  paralleling  the 
arch  of  the  aorta,  which  it  enters  opposite  to  and  a 
trifle  below  the  origin  of  the  left  subclavian  artery,  and  a 
short  distance  above  the  first  intercostals.  Its  most 
important  relations  are  to  the  pericardium,  immediately 
outside  of  which  it  begins,  passing  in  front  of  the  left 
bronchus,  and  being  encircled  at  its  entrance  to  the 
aorta  by  the  left  recurrent  laryngeal  nerve.  Histologi- 
cally it  presents  the  usual  features  of  arteries  of  this  size, 
but  it  is  unusually  poor  in  elastic  fibres,  a  large  P''°Pf[y- 
tion  of  which  run  longitudinally  in  bundles,  and  the 
muscular  coat  is  not  well  developed.  It  is  not  strong, 
being  readily  torn,  and  will  withstand  but  little  more 
than  the  normal  fcetal  blood  pressure  without  abnormal 
dilatation  and  tearing  of  its  coats  (Roeder). 
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As  soon  as  the  new-born  infant  begins  to  breathe,  the 
duct  becomes  at  once  occhided,  and  later  the  lumen 
is  entirely  obliterated.  The  mechanism  by  which  the 
first  occlusion  is  accomphshed  is  not  yet  fully  deter- 
mined. Among  the  most  reasonable  of  the  many  hypoth- 
eses advanced  are:  {l)That  fibrous  bands  whicli  are 
connected  with  the  diaphragm  pass  .aroimd  tlie  duct, 
and  occlude  it  when  the  dome  of  the  diaphragm  is  first 
drawn  down  in  respiration  (Forbes).  (2)  That  the 
changes  in  relative  position  of  the  great  vessels  and  the 
thoracic  \ascera,  that  results  from  the  filling  of  the  lungs 
draw  out  the  duct  until  its  walls  are  in  apposition,  and 
thus  occlude  its  lumen  (Schanz,  Cerard,  and  others). 
(3)  That  on  account  of  the  acute  angle  at  which  the  duct 
enters  the  aorta  a  valve-Uke  fold  is  formed  which  pre- 
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riG.  6137.— Aneurism  of  the  Ductus  Arteriosus.  (Gerard)  1,  Aneu- 
rismal  enlargement ;  2.  pulmonary  artery ;  3,  aorta  ;  4,  .5,  ristit  and 
left  branches  of  the  pulmonary  artery  ;  6,  vena  cava  superior  ;  7, 
vena  caya  inferior. 

vents  blood  from  entering  from  the  aortic  end,  although 
lea^'ing  the  passage  free  for  the  entrance  of  blood  from 
the  pulmonary  system  when,  as  in  the  fcetus,  the  press- 
ure is  higher  there  than  in  the  aorta  (Zuntz,  Strassmann). 
The  last  theory  seems  to  have  received  the  best  support. 
When  the  circulation  of  blood  through  the  duct  stops, 
proliferative  changes  in  the  fibrous  elements  of  the  duct, 
especially  in  the  intima,  lead  to  its  obhteration  and  con- 
version into  a  fibrous  cord,  the  ligamentum,  arterinxvin, 
which  persists  in  the  adult.  The  channel  does  not  fie- 
come  entirely  impermeable  until  some  time  after  birth, 
usually  between  the  .30th  and  40th  days,  although  often 
much  earlier;    a  minute  passage  may  remain  for  years. 

Pathology. — Congenilal  A  mnnalicf:. — Almost  every 
abnormal  developmental  condition  about  the  heart  anil 
great  vessels  may  be  accompanied  by  abnornuditios 
in  the  ductus  arteriosus,  such  :  s:  Ab.sence,  abnormal 
shortness,  duplication,  abnormal  origin  or  in.scrlion, 
premature  occlusion.  In  most  casc«  these  arc  iiieroly 
an  accompaniment  of  the  more  important  defoniiity 
of  the  heart  and  vessels. 

Persistent  Patency. — Whenever  there  exist  congenital 
anomalies  in  the  heart  and  great  vessels  that  are  not  in- 
compatible with  Mfe,  the  duct  may  fail  to  close,  liecause 
the  normal  changes  in  the  relation  of  aortic  and  pulmonic 
blood  pressure  do  not  take  place  at  the  time  of  birth.  In 
congenital  pulmonary  steno.sis  the  pulmonary  circulation 
is  largely  carried  on  by  blood  reaching  the  pulmonary 


arteries  through  the  duct;  and  in  congenital  aortic  steno- 
sis the  pulmonary  artery  supphes  blood  for  the  general 
circulation  through  the  duct,  as  in  the  foetus.  Primary 
persistence  of  the  duct  without  other  abnormahties  is 
an  extremely  rare  condition,  constituting  but  about  four 
per  cent,  of  the  recorded  cases  of  congenital  diseases  of 
the  heart  and  vessels.  In  1S98  Vierordt  could  collect 
but  26  cases,  and  in  1907  I  was  able  to  add  15  to  this- 
list:  of  the  .3.3  cases  in  which  the  se.x  was  recorded  there 
were  12  males  and  21  females.  The  chief  predisposing 
cause  seems  to  be  respiratory  difficidties  in  early  Ufe 
which  keep  the  pulmonary  blood  pressure  high  and  pre- 
vent occlusion  ;  premature  birth,  abnormal  insertion 
of  the  duct,  abnormally  large  calibre,  and  simple  failure 
of  the  occluding  apparatus  may  also  be  responsible  in 
some  cases.  Congenital  syphihs  does  not  seem  to  have 
been  observed  as  a  cause,  but  paternal  alcohohsm  is- 
frequently  recorded.  It  is  also  possible  for  a  duct  that 
has  been  properly  occluded,  but  only  imperfectly  oblit- 
erated, to  reopen  again  under  the  influence  of  the  aortie 
piressure,  po.ssibly  after  several  years.  Four  anatomical 
forms  of  patent  duct  were  recognized  by  Gerhardt." 
(1)  Abnormal  shortness;  simply  an  opening  be- 
tween the  aorta  and  the  pulmonary  artery;  (2) 
fiumel-shaped,  with  the  wide  end  toward  the  aorta; 
(3)  cyhndrical  form;  (4)  aneurismal  dilatation.  Fre- 
quently the  pulmonary  opening,  which  is  usually 
.smaller  than  the  aortic,  is  surrounded  by  fibrous 
folds  or  a  ring.  The  condition  has  been  observed  at 
all  ages  up  to  66  years,  and  unless  the  size  oi  the  open- 
ing is  large  the  results  are  not  necessarily  serious,  al- 
though a  greater  or  lesser  degree  of  incapacity  usually 
results;  however,  e^'idences  of  severe  cardiac  incompe- 
tence have  been  present  in  many  of  the  cases,  and 
death  may  result  from  this  cause.  Spontaneous  heal- 
ing by  occlusion  of  the  pulmonary  opening  may  take  place. 
The  chief  diagnostic  features  are:  A  systohc  thrill,  pal- 
pable best  in  the  left  second  and  third  intercostal  spaces, 
following  the  ape.x  beat  and  continuing  into  the  diastole; 
a  murmur  of  corresponding  duration  and  location,, 
transmitted  into  the  carotids  and  also  heard  posteriorly 
in  the  left  superior  interscapular  region;  a  band  of  dulness; 
along  the  left  side  of  the  sternum  as  high  as  the  second 
rib,  due  to  dilatation  of  the  pulmonary  artery,  and  the 
presence  of  a  corresponding  shadow  in  radiographic 
pictures.  Cyanosis  is  less  prominent  than  in  most  other 
congenital  cardiac  abnormalities,  and  often  it  is  absent. 
Pressure  has  been  produced  on  the  left  recurrent  nerve. 

Thrombosis  of  the  duct  is  not  an  essential  part  of  its- 
obliteration,  as  once  thought,  but  is  a  relatively  un- 
common occurrence.  It  is  occa.sionally  present  in  in- 
fants dying  from  septic  conditions,  and  adults  with  a 
patent  ductus  arteriosus  may  show  vegetations  in  the 
duct  secondary  to  extension  from  an  acute  endocarditis. 

Aneurism  of  the  duct  has  been  described  in  about  a 
dozen  cases,  usually  in  infants  a  few  days  old.  These 
aneurisms  are  occluded  by  thrombi,  and  represent  what 
is  probably  not  an  extremely  imcommon  condition. 
Two  cases  of  rupture  of  the  duct  in  the  new-born  have 
been  described  by  Roeder,  and  attributed  to  high  press- 
lue  during  labor,  or  from  other  causes. 

H.  Gideon  Wells. 
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DWARFISM. — Nanosomia  or  microsomia  is  a  condi- 
tion in  which  the  stature  and  weight  tail  to  reach  the 
normal  minimum  for  individuals  of  the  same  species. 
The  word  nanosonna  is  derived  from  vavoc,  a  dwarf,  and 
oij/(o,  a  liody.  The  Latin  equivalent  is  nanus  or  pmnilio, 
the  Anglo-tisixondweorg or  dicerg,  and  the  German  Zwerg. 
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Dwarfism. 
Dvrarflsm. 


Belief  in  the  existence  of  dwarfs  lias  prevailed  from 
remote  limes.  Homer,  Herodotus,  and  Aristotle  speak 
of  a  pigmy  race  that  was  to  be  found  near  the  sources 
of  the  Nile.  In  India,  too,  there  was  a  current  be- 
lief in  dwarfs  descended  from  Hoonunmn,  the  monkey- 
god.  Many  of  the  statements  In  regard  to  dwarfs 
are,  however,  so  wildly  improbable  that  they'  were, 
no  doubt,  based  on  mere  "sailors'  yarns,"  and  are 
entitled  to  about  the  same  amount  of  credence  as  the 
famous  "  Travels  "  of  Sir  John  Mandeville.  That  they 
contain  a  modlcunj  of  truth,  nevertheless,  is  proved  by 
the  discovery  of  diminutive  peoples  by  modern  explorers, 
such  as  Paul  Du  Chaillu,  Schweinfurth,  Battel,  and  Kolle. 
Dr.  Schweinfurth,  for  instance,  has  found  in  the  country 
to  the  south  of  the  Nyam-Nj'am  a  race  called  the  Akkas, 
varying  in  height  from  four  feet  to  nearly  five,  who  are 
probably  the  same  as  those  referred  to  by  Herodotus. 
Any  exhaustive  discussion  of  the  subject  of  dwarfism 
from  an  ethnological  point  of  view  would  be  out  of 
place  in  a  work  of  this  nature,  which  is  more  prop- 
erly concerned  with  the  biological  and  pathological 
problems  involved,  but  yet,  apart  from  the  interest 
that  always  invests  the  curious,  it  may  not  be  entirely 
stale,  flat,  and  unprofitable  to  possess  ourselves  of  the 
main  facts. 

From  the  golden  days  of  imperial  Rome  it  was  the 
fashionable  thing  to  keep  dwarfs.  The  most  famous  of 
these  were  Conopas  and  Andromeda,  belonging  to  Julia, 
the  niece  of  Augustus,  each  of  whom  measured  only  two 
feet  four  Inches.  Many  of  these  dwarfs  were,  no  doubt, 
the  natural  article,  but  the  number  of  these  was  insuffi- 
cient to  supply  the  demands  of  cruel  display  and  luxury ; 
consequently  they  had  to  be  produced  by  artificial 
means.  One  favorite  method  was  the  simple  one  of  de- 
priving children  of  suitable  food.  They  became  rickety, 
and  while  many  died,  those  who  survived  were  highly 
prized.  Another  plan,  in  some  vogue,  was  to  rub  the 
back  with  the  fat  of  bats,  moles,  or  dormice.  Somewhat 
similar  was  the  practice  of  washing  the  backs  and  feet  of 
pups,  the  drying  and  hardening  of  the  parts  resulting 
from  this  being  supposed  to  stunt  the  growth.  Even  at 
the  present  time,  it  may  be  remarked,  attempts  are  made 
to  limit  the  growth  of  boys  Intended  for  jockeys  by 
sweating.  The  practice  of  keeping  dwarfs  persisted 
through  the  Middle  Ages  into  the  eighteenth  century. 
Lady  Mary  Wortley  Montagu,  when  in  Germany,  found 
the  dwarf  a  necessary  appanage  of  every  noble  family. 
She  describes  the  imperial  dwarfs  at  Vienna  "  as  ugly 
as  devils,"  and,  "bedaubed  with  diamonds."  In  these 
days  dwarfs  were  not  infrequently  noted  for  their  wit 
and  wisdom,  and,  like  the  court  jesters,  whom  in  fact 
they  superseded,  were  allowed  unlimited  freedom.  It  is 
said  that  one  of  the  Danish  kings  actually  made  his  dwarf 
prime  minister  in  order  to  get  at  truths  that  other  men 
were  afraid  to  utter.  Peter  the  Great,  among  other  va- 
garies, was  interested  in  dwarfs,  and  in  1710  gave  a  feast 
to  celebrate  the  marriage  of  his  favorite  Valakoff  with 
the  dwarf  of  the  Princess  Prescovie  Feodorovna,  at 
-which  seventy -two  dwarfs  of  both  sexes  were  present. 
The  practice  of  keeping  dwarfs  was  widespread,  and  has 
been  immortalized  in  the  canvases  of  some  of  the  most 
celebrated  painters,  notably  Velasquez,  Raphael,  Paul 
Veronese,  Domenichino,  and  Mantegna.  Their  deline- 
ations are  in  some  cases  of  much  value  in  enabling  us  to 
determine  the  nature  of  the  dwarfism  known  to  former 
times.  In  fiction,  too,  the  dwarf  has  played  a  prominent 
part,  as  readers  of  "  Peveril  of  the  Peak  "  and  "  The  Black 
Dwarf  "  will  remember. 

Some  personages,  famous  in  history,  have  been  of  small 
or  even  diminutive  size.  Philetas,  of  Cos,  tutor  of  Ptol- 
emy Philadelphus,  was,  according  to  ^lian,  so  light  as 
well  as  small  that  he  was  obliged  to  carry  leaden  weights 
In  his  pockets  to  prevent  his  being  blown  away.  Others 
that  might  be  mentioned  are  Attila  the  Scourge,  .^sop 
the  fabulist,  Procopius,  Gregory  of  Tours,  Pepin  le  Bref , 
Prince  Eugene,  Admiral  Gravina,  Fleury  and  Garry  the 
actors,  Arendt  the  Danish  antiquarian.  In  England  the 
-history  of  dwarfs  is  traceable  to  mythological  times. 


The  origin  of  the  almost  generic  title  of  "  Tom  Thumb  " 
is  to  be  found  in  an  ancient  ballad,  which  informs  us  that 
"In  Arthur's  court  Tom  Thumb  did  live."  The  most 
famous  English  dwarf  was  Sir  JefEery  Hudson,  who  was 
born  at  Oakham  in  1619.  He  made  his  first  appeal  to 
fame  when  he  was  presented  by  the  Duchess  of  Bucking- 
ham to  Queen  Henrietta  Maria  as  he  stepped  out  of  a  pie. 
Prom  the  age  of  eight  till  thirty  he  was  only  eighteen 
Inches  high,  but  afterward  suddenly  shot  up  to  three  feet 
nine.  He  became  a  well-known  courtier  an^l  was  en- 
trusted with  several  matters  of  delicacy.  He  did  not 
lack  courage  for  he  fought  two  duels,  one  with  a  turkey- 
cock,  celebrated  in  the  verses  of  Davenant,  and  another 
with  Mr.  Crofts,  who  came  to  the  meeting  with  a  squirt. 
A  more  serious  encounter,  however,  followed,  for  little 
JefEery,  who  was  mounted  on  horseback  to  compensate 
for  his  inferior  height,  shot  his  opponent  dead.  He  was 
twice  made  prisoner,  once  by  the  Dunkirkers  as  he  was 
returning  from  France,  and  once  by  the  Barbary  pirates. 
On  each  occasion  he  was  soon  ransomed.  He  eventually, 
however,  fell  on  evil  days,  for  he  was  accused  of  partici- 
pating in  the  popish  plot  and  was  sent  to  the  Gate  House, 
where  he  died  in  1682. 

About  the  same  period,  or  somewhat  earlier,  Charles 
I.  had  a  page  at  his  court  called  Richard  Gibson,  who 
was  remarkable  for  his  small  size,  and  was,  appropriately 
enough,  a  miniature  painter.  He  married  Anne  Shep- 
herd, the  dwarf  of  Henrietta  Maria,  the  ceremony  being 
performed  by  Edmund  "Waller.  Together  they  only 
measured  two  inches  over  seven  feet.  Evelyn  designated 
Gibson  as  a  "compendium  of  a  man,"  and  the  pair  were 
painted  hand  in  hand  by  Sir  Peter  Lely.  Mistress  Gibson 
had  nine  children,  five  of  whom  survived  and  were  of 
normal  size.  She  died  at  the  age  of  eighty,  and  her  hus- 
band at  seventy -five. 

One  of  the  most  celebrated  dwai'fs  was  a  Polish  gen- 
tleman, Joseph  Borwila^ki,  who  became  noted  through- 
out Europe  as  a  handsome  man,  a  wit,  and  something  of 
a  scholar.  His  parents  were  tall,  but  three  of  his  brothers 
were  small.  He  was  born  in  1739,  and  died  at  the  ad- 
vanced age  of  ninety-eight  in  the  city  of  Durham,  where, 
by  the  irony  of  fate,  he  is  buried  by  the  side  of  the  Fal- 
staffian  Stephen  Kemble.  His  height  was  thirty-nine 
inches.     Diderot  wrote  a  history  of  the  family. 

Another  remarkable  dwarf  was  Richebourg,  a  servant 
and  pensioner  of  the  Orleans  family,  who  died  in  Paris 
at  the  age  of  ninety.  He  was  only  twenty-three  inches 
high,  and  his  diminutive  size  was  taken  advantage  of 
during  the  stirring  times  of  the  Revolution  when,  mas- 
querading as  an  infant  in  his  nurse's  arms,  he  carried  de- 
spatches in  and  out  of  Paris. 

Coming  to  more  recent  times  we  may  mention  Charles 
Stratton,  or  "Gen.  Tom  Thumb,"  one  of  the  greatest  of 
Barnum's  successes.  At  birth  he  was  above  the  normal 
weight  of  the  new-born,  but  ceased  to  grow  when  five 
months  old  His  height  at  that  time  was  less  than 
twenty-one  inches.  He  created  a  sensation  in  Europe 
and  amassed  a  large  fortune. 

Perhaps  the  next  most  striking  sensation  has  been  the 
"Lilliputians,"  a  troupe  of  singers  and  comedians  pos- 
sessing much  talent  as  burlesquers.  They  were  probably 
the  same  individuals  who  were  examined  by  Joachimsthal 
in  Germany. 

Many  of  the  recorded  dwarfs  have  been  very  diminu- 
tive. Buffon  mentions  dwarfs  only  twenty-four,  twenty- 
one,  and  eighteen  inches  high,  and  describes  one  who, 
when  thirty-seven  years  old,  measured  sixteen  inches, 
whom  he  considers  to  have  been  the  smallest  person  on 
record.  The  "Princess  Topaze,"  a  French  dwarf,  is 
twenty-three  and  a  half  inches  tall  (or  rather  short  ?), 
who  weighs  only  fourteen  pounds.  Her  parents  were  of 
normal  size. 

On  consideration  of  the  facts  recorded  In  the  above 
remarks  we  are  led  to  certain  important  conclusions. 
Most  dwarfs  have  been  well  proportioned,  without  de- 
formity, and  of  average  or  more  than  average  intelli- 
gence. Some  of  them  have  been  persons  of  great  vigor 
and  force  of  character.    In  fact  they  may  be  said  to  dif- 
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fer  but  little  from  ordinary  individuals  save  in  the  one 
point  of  size. 

Dwarfs  fall  naturally  into  two  classes ;  Those  that  are 
diminutive  at  birth  and  subsequently  develop  slowly,  so 
that  they  always  remain  more  or  less  stunted ;  and  those 
that  are  of  normal  or  even  more  than  normal  size  at  birth 
and  later  cease  to  grow.  Authentic  information  as  to  the 
size  of  dwarfs  at  birth  is  hard  to  obtain.  We  may,  how- 
ever, correctly  infer  that  they  are  often  below  the  aver- 
age size,  for  dwarfed  mothers  have  frequently  borne 
children  in  a  natural  way,  and  physical  considerations 
would  preclude  us  from  coming  to  any  other  conclusion. 
Conversely,  normally  developed  mothers  have  not  infre- 
quently given  birth  to  dwarf  children.  Instances  are  on 
record  of  new-born  infants  weighing  a  pound  and  three- 
quarters,  or  even  less,  at  full  term.  The  subsequent  his- 
tory, however,  of  these  children  is  unfortunately  often 
unknown.  Home  (Philosophical  Transactions  of  the 
Royal  Society  of  London,  1825)  speaks  of  a  child  borne 
by  a  woman  following  the  Duke  of  Wellington's  bag- 
gage train,  which  weighed  at  birth  only  one  pound,  and 
measured  between  seven  and  eight  inches  long.  At  the 
age  of  nine  it  was  only  twenty-two  inches  high.  This 
is  said  to  be  the  same  child,  called  Caroline  Crachami, 
whose  skeleton  is  in  the  museum  of  the  Royal  College  of 
Surgeons  near  that  of  O'Byrne,  the  "Irish  Giant." 

Inasmuch  as  in  the  cases  of  dwarfism  that  we  have  so 
far  been  considering  the  parts  are  perfect  in  form  and  the 
limbs  are  in  the  normal  proportion  to  the  trunk,  although 
the  body  as  a  whole  is  defective  in  size  and  weight,  it 
has  been  suggested  that  here  we  really  have  to  do  with 
a  condition  of  infantilism  which  may  be  defined  as  a  state 
of  imperfect  and  delayed  development,  whereby  the  in- 
dividual preserves  the  characteristics  of  childhood  long 
after  these  should  have  disappeared.  This  view  is  sup- 
ported by  the  fact  that  in  many  cases  of  dwarfism  the 
head  is  proportionately  large,  as  it  is  in  the  infant,  the 
genitalia  are  undeveloped,  and  the  signs  of  puberty  are 
absent  or  delayed.  Joachimsthal  {Deutsche  med.  WocJi 
1899,  XXV.,  8S.  269-371,  388-290),  studying  with  the 
Roentgen  rays  a  troupe  of  exhibiting  lilliputians,  found 
that  bone  formation  was  imperfect,  the  various  centres 
of  ossification  being  strictly  comparable  to  those  of  a 
child,  although  the  individuals  in  question  were  about 
thirty  years  of  age.  Undoubtedly,  in  some  at  least  of 
the  deficiencies  complete  development  and  function  may 
eventually  be  attained.  For  instance,  many  of  these 
dwarfs  have  proved  themselves  capable  of  propagating 
their  kind.  One  cannot  fail  to  be  struck  also  with  the 
fact  that  dwarfs  frequently  reach  an  advanced  age  the 
reverse  of  what  is  found  in  the  case  of  that  other  con- 
trasting anomaly  of  development,  gigantism.  This  sug- 
gests certainly  not  a  defect  in  the  vitality  of  the  body 
as  a  whole,  but  rather  an  anomaly  in  the  nature  and  di- 
rection of  the  growth.  The  normal  balance  between 
structure  and  function  is  upset  and  the  individual  may 
possess  the  mind  and  faculties  of  the  adult  in  the  bodv 
of  the  child.  •' 

With  regard  to  the  etiological  factors  at  work  in  the 
production  of  dwarfism  we  are  compelled  to  admit  that 
our  knowledge  is  far  from  complete.  Our  views  there- 
fore must  partake  largely  of  the  nature  of  hypotheses 
Up  to  the  present  time  but  few  cases  of  dwarfism  have 
been  studied,  and  it  is  chiefly  upon  the  facts  gleaned 
from  tliese  and  the  results  of  experimentation  that  our 
imerences  must  be  drawn. 

The  condition  of  dwarfism  is  cleariy  but  one  aspect  of 
the  larger  question  of  dystrophy  or  dysgenesy.  Conse- 
quently It  can  be_  apprehended  only  by  a  reference  to 
the  elementary  principles  governing  the  formation  and 
growth  of  tissues. 

The  developmental  forces  concerned  in  the  elaboration 
of  a  new  individual  may  be  inadequate  to  brine  the  cro- 
cess  to  completion  If  they  are  totally  inadequtte,  death 
of  the  embryo  results.  Short  of  this  extreme  result  how- 
ever, the  nutritional  processes  may  be  so  modified  that 
we  get  a  deficiency  or  excess  m  growth  of  the  organism 
either  in  part  or  as  a  whole,  or  they  may  be  so  perverted 
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that  we  have  actual  malformation  and  deformity.  There 
is,  therefore,  a  close  relationship  between  dwarfism, 
gigantism,  malformations,  and  monstrous  births.  The 
peculiarities  of  development  that  result  in  such  anom- 
alies may  be  inherent  in  the  sperm  cell  or  ovum  or  both, 
and  in  this  sense  are  inherited,  or  they  may  be  due  t(> 
causes  operating  on  the  ovum  subsequently  to  fertiliza- 
tion, either  before  (intra-uterine  acquired  causes)  or  after 
birth  (post-natal  acquired  causes).  We  have,  therefore, 
to  take  into  account  primitive  peculiarities  of  cell  sub- 
stance on  the  one  hand,  and  external  causes,  nutritional 
or  mechanical,  acting  on  the  fruit,  on  the  other. 

In  this  particular  certain  general  considerations  are 
worth    noting.     Thoma    (•' L'ntersuchungen    ilber    die 
GrOsse  und  das  Gewicht  der  anatomischen  Bestandtheile 
des  menschlichen  KSrpers  im  gesunden  und  im  krankea 
Zustande,"  Leipzig,  1883)  has  called  attention  to  what 
might  be  called  a  general  "law  of  deviation."    In  adulta 
the  normal  length  of  the  body  is  on  an  average  169  cm. 
in  the  male  and  163  cm.  in  the  female,  while  the  average 
weight  is  60  kgm.  and  56  kgm.  respectively.     Consider- 
able variations  on  either  side  of  this  norm  may  occur. 
Taking  a  large  number  of  individuals,  in  one-half  the 
amount  of  deviation  will  be  anywhere  between  0.0  and 
3.8  cm.     In  accordance  with  the  law  he  has  formulated, 
the  fifth  multiple  of  this  figure  when  added  to  or  sub- 
tracted from  the  normal  average  height  will  give  the 
outside  limit  of  giant  or  dwarf  growth,  and  will  be 
reached  only  once  in  every  thousand  cases.     According 
to  this  an  adult  would  be  regarded  as  a  dwarf  if  the 
height  fell  below  163  minus  19  cm.,  or  144  cm.     Similar- 
ly 5  kgm.  is  the  approximate  aberration  in  weight  from 
the  normal  in  the  adult.     The  fifth  multiple  of  this,  25. 
kgm.,  subtracted  from  56,  gives  31  as  the  upper  limit  in 
weight  for  dwarf  growth.     With  regard  to  weight,  we 
have,  of  course,  to  be  careful  to  exclude  such  conditions 
as  marasmus  and  loss  of  height  from  spinal  disease.     In 
the  case  of  the  new-born  the  normal  average  in  length  is 
50  cm.  and  the  weight  3.3  kgm.     The  amount  of  devi- 
ation is  approximately  1.4  for  length  and  0.28  for  weight. 
The  upper  limit  for  dwarf  growth  in  mature  infants  at 
birth  would  therefore  be  43  cm.  and  1.8  kgm.  respec- 
tively.    Some    allowance    for    individual    peculiarities 
must  be  made,  for  many  children  that  are  diminutive  at 
birth  make  up  for  the  deficiency  by  rapid  growth  after- 
ward, while,  again,  some  children  that  are  normal  in  size 
and  weight  at  birth  subsequently  become  retarded  in 
their  growth  and  development.     This  "law,"  while  it 
gives  us  convenient  data  for  classification,  is,  needless  to^ 
say,  very  far  from  being  an  explanation  of  the  anomaly. 
Again,  certain  adventitious  circumstances,  acting  ap- 
parently on  the  germinal  cells,  may  play  a  part.     It  has 
long  been  known  to  stock-raisers  that  continued  in-breed- 
ing  will  result  in  the  production  of  diminutive  offspring. 
And  It  IS  said  that  after  Napoleon's  campaigns  there  was 
a  diminution  of  from  one  to  two  inches  in  the  stature  of 
the  French  people.     This  has  been  attributed  to  the  fact 
that  the  strongest  and  best  developed  males  were  drawn 
for  military  service,  but,  no  doubt,  poverty,  famine,  and 
disease,  affecting  the  people  as  a  whole,  were  important 
factors.     These    observations    suggest    that    defective 
physical  development  on  the  part  of  one  or  both  pro- 
genitors may  lead  to  insufficient  vitality,  or  what  might 
be  termed  "  relative  vegetative  inertia  "  on  the  part  of 
the  germinal  cells.     This  leads  us  to  the  consideration  of 
the  importance  of  heredity  in  this  connection. 

The  inheritance  of  a  developmental  anomaly  is  well 
Illustrated  in  the  case  of  polydactylism.  This  peculiar- 
ity has  been  known  to  persist  for  three,  four,  or  even  five 
generations,  although  it  may  in  time  be  eradicated  by 
marriage  with  normal  persons.  The  Foldi  family,  be- 
longing to  the  Arabian  tribe  of  Hyabites,  all  have 
twenty-four  digits.  They  never  marry  outside  the  fam-  , 
ily,  and  the  anomaly  is  so  constant  that  any  child  having 
the  normal  number  of  digits  is  put  to  death  as  the  ofi:- 
spring  of  adultery.  Reference  will  be  made  later  to  the 
influence  of  pressure  of  the  amniotic  sac  upon  the  grow- 
ing embryo  in  the  production  of  this  and  other  deformi- 
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ties,  but  it  would  be  absurd  to  suppose  tliat  such  a  cause 
■could  be  present  throughout  several  generations  and  in  a 
whole  race.  We  are  driven  to  conclude  that  there  must 
have  been  some  anomaly  in  the  formation  and  develop- 
ment of  the  "  Anlage  "  arising  in  the  earlier  stages  of  em- 
bryonic life.  This  being  so,  it  would  not  be  surprising 
"to  find  the  influence  of  heredity  somewhat  marked  in  the 
condition  of  dwarfism.  As  a  matter  of  fact,  dwarfism  is 
not  invariably  an  expression  of  a  hereditary  peculiarity, 
although  sporadic  cases  may  occur  in  several  generations 
■derived  from  the  same  stock.  Certain  parents  neverthe- 
less seem  to  have  a  tendency  to  produce  dwarfs.  To 
■cite  only  one  example,  the  celebrated  Borwilaski  had  a 
brother  and  sister  who  were  dwarfed.  The  fact,  how- 
■ever,  that  while  certain  members  of  a  family  may  be 
dwarfs,  others  may  be  normally  developed  indicates  that 
the  cause,  whatever  it  be,  is  not  a  constantly  acting  one, 
■or  else  that  there  are  a  number  of  factors  which  must  be 
correlated  before  the  given  result  will  take  place.  That 
the  issues  involved  may  be  very  complex  is  well  illus- 
trated by  an  extraordinary  instance  related  by  Ekman 
<"  Dissertatio  medica  descriptionem  et  casus  aliquot  osteo- 
malacisB  sistens,"  Upsalise,  1788)  where  dwarfism  and 
•osteopsathyrosis  were  associated  through  three  genera- 
tions. The  ancestor  could  not  walk  because  of  deform- 
ity. He  had  four  children,  of  whom  one  son  was  a  dwarf 
and  one  daughter  was  small  and  deformed.  This  son  be- 
gat by  a  healthy  wife  a  son  who  had  curved  extremities, 
and  was  liable  to  fractures  on  the  slightest  provocation. 
This  son  in  turn  married  a  healthy  woman  who  gave 
birth  to  a  son  who  had  so  many  fractures  that  when  he 
reached  adult  life  he  could  not  move,  and  a  daughter 
who  was  dwarfed  and  also  suffered  from  multiple  frac- 
tures in  childhood.  Apparently,  then,  heredity  may 
manifest  itself,  not  only  in  the  rate  and  amount  of 
growth,  but  also  in  the  structure  and  composition  of  the 
tissues.  Moreover,  these  two  factors,  simple  growth  and 
•organic  formation,  are  not  always  correlated,  and  may 
•even  be  antagonistic.  Numei'ous  exceptions  to  heredi- 
tary transmission,  however,  occur,  for  when  both  parents 
have  been  dwarfs,  the  offspring  have  frequently  proved 
■to  be  normal  in  size  and  proportion.  What,  however,  is 
an  occasional  anomaly  in  the  case  of  civilized  peoples  is 
a  constant  racial  characteristic  in  certain  of  the  African 
tribes,  such  as  the  Akkas  and  Bushmen.  This  can  hardly 
be  explained  on  any  other  assumption  than  that  an  ac- 
quired peculiarity,  due  to  unfavorable  environment,  has 
become  transmitted  and  in  time  impressed  upon  a  great 
nuanber  of  individuals,  unless  we  are  prepared  to  accept 
the  -Other  alternative  that  all  races  of  mankind  were 
•originally  much  smaller  than  they  are  at  present,  and, 
owing  to  natural  selection  and  the  growth  of  civilization, 
gradually  developed  into  a  superior  organization,  a  view 
that,  at  all  events,  is  not  supported  by  history  or  tradi- 
tion. Heredity  probably  has  the  same  bearing  in  dwarf- 
ism as  it  has  in  the  case  of  other  anomalies;  no  more  and 
no  less. 

The  influence  of  extraneous  circumstances  on  the  veg- 
etative power  of  the  germinal  cells  is  well  illustrated  by 
some  comparatively  recent  and  most  suggestive  experi- 
ments. 

In  experimenting  with  the  fertilized  eggs  of  some  of 
the  humbler  forms  of  life,  Roux  showed  that  if,  in  the 
two-cell  stage,  one  of  the  blastomeres  be  destroyed,  the 
•other  will  regenerate  the  missing  half  and  eventually 
give  rise  to  a  complete  embryo.  Endres,  Walter,  and 
Morgan  have  come  to  similar  conclusions  in  the  case  of 
the  frog,  with  the  additional  observation  that  the  pecul- 
iarity is  characteristic  of  the  earhest  stages  only  and  may 
be  entirely  suppressed.  In  1891  Driesch  separated,  by 
shaking,  the  blastomeres  of  the  sea  urchin's  egg  when  in 
the  two-  and  the  four-cell  stage.  Blastomeres  thus  sep- 
arated produced  in  time  a  complete  blastula,  and  the  re- 
•sulting  gastrula  was  a  perfectly  formed  dwarf  of  one-half 
or  one-quarter  the  natural  size,  as  the  case  might  be.  Zoja, 
too,  in  some  remarkable  experiments  on  the  medusa  was 
able  to  produce  dwarfs  one-sixteenth  of  the  noi-mal  size. 
Morgan  has  further  discovered  the  important  fact  that 


either  a  half  embryo  or  a  complete  half  sized  dwarf  will 
result  according  to  the  position  of  the  blastomere.  If, 
after  one  blastomere  is  destroyed,  the  other  be  allowed 
to  retain  its  normal  position  a  half  embryo  is  always  pro- 
duced, as  Roux  had  already  shown.  If,  however,  the 
blastomere  be  inverted,  it  gives  rise  either  to  a  half  em- 
bryo or  a  whole  dwarf.  In  this  connection  we  might 
recall  certain  early  experiments  of  Saint  Hilaire,  who 
produced  dwarf  chickens  by  shaking  the  egg  in  the 
direction  of  its  long  axis.  Thus  it  would  appear  tliat  a 
rearrangement  of  the  cell  material  may  restore  that  equi- 
librium of  the  entire  ovum  necessary  for  the  production 
of  a  whole  embryo.  This  extraordinary  power  is,  how- 
ever, less  marked  in  the  higher  forms  and  is  ultimately 
lost.  In  view  of  the  fact,  however,  that  parthenogenesis, 
which  is  a  constant  occurrence  in  some  of  the  lower  forms 
of  life,  is  sometimes  to  be  observed  even  in  such  a  highly 
organized  creature  as  the  hen,  and  in  fact  has  been  ad- 
vanced by  some  authorities  to  explain  the  development 
of  certain  tumors  of  the  human  ovary,  it  is  not  impossible 
that  anomalies  in  the  segmentation  of  the  ovum  in  human 
beings,  may,  although  rarely,  give  rise  to  one  type  of 
dwarf  at  least,  namely,  that  dwarfed  from  birth.  Two 
factors  would  appear  to  be  necessary:  some  cause  to 
blight  one-half  of  the  ovum  in  the  very  earliest  stage  of 
its  development,  and  another  producing  a  disturbance  of 
the  cell  equilibrium.  As  to  what  these  factors  may  be, 
whether  developmental,  traumatic,  or  inflammatory,  we 
have  absolutely  no  information.  One  or  two  facts  may 
possibly  point  us  in  the  right  direction.  Malposition  of 
the  fertilized  ovum  as  a  whole  may  be  brought  about  by 
intratubal  and  intra-uterine  inflammation,  instances  of 
this  being  tubal  gestation  and  placenta  praevia.  It  is  not 
inconceivable,  therefore,  that  endometritis  and  deciduitis 
might  lead  to  blighting  of  a  portion  of  the  embryo  and 
disturbance  of  protoplasmic  equilibrium.  That  a  modi- 
fication of  external  conditions  does  have  a  profound 
effect  on  the  developing  ovum,  in  some  animals  at  least, 
we  have  ample  proof.  Dareste,  by  incubating  hen's  eggs 
at  a  temperature  more  elevated  than  that  usually  em- 
ployed, got  early  development  and  dwarf  formation. 
Gerlach  and  Koch  ("  Ueber  die  Produktion  von  Zwerg- 
bildungen  im  Hllhncrei  auf  experim.  Wege,"  Biol.  Cen- 
tralbl.,  xxii.,  1884)  also  obtained  a  retardation  of  develop- 
ment and  dwarf  growth  by  varnishing  eggs  so  as  to 
exclude  all  but  a  small  amount  of  air. 

The  effect  of  primitive  peculiarities  inherent  in  the 
germinal  cells  in  producing  developmental  anomahes  of 
the  Anlage  has  already  been  noted  in  regard  to  polydac- 
tylism,  and  it  is  now  pertinent  to  inquire  in  how  far 
deficiencies  in  tlie  formation  of  those  structures  more 
especially  concerned  in  the  general  maintenance  of  nutri- 
tion, namely,  the  cardiovascular  and  nervous  systems, 
and  the  thyroid  gland,  are  of  importance  in  the  produc- 
tion of  dwarfism. 

If  the  circulatory  apparatus  be  deficient  either  in  the 
size  and  extent  of  the  vessels  or  in  the  formation  of  the 
chambers  and  valves  of  the  heart,  it  is  obvious  that  the 
circulation  of  the  blood  must  be  inadequate  for  the  needs 
of  the  organism,  which  consequently  may  be  inhibited  in 
its  growth.  Long  ago  Virchow  pointed  out  the  asso- 
ciation of  c»rdiovascular  hypoplasia  with  other  develop- 
mental defects,  such  as  scanty  production  of  the  pubic 
hair  and  small  size  of  the  genitalia,  conditions  that  may 
be  regarded  as  manifestations  of  partial  infantilism,  if 
we  take  the  view  of  Hertoghe,  that  there  is  such  a  thing 
as  partial  infantilism  ("Die  Rolle  der  Schilddrlise  bei 
Stillstand  und  Hemmung  des  Wachstums  und  der  Ent- 
wicklung,"  Spiegelberg,  Mijnchen,  1900).  Gilbert  and 
Rathery  (Presse  med..  May  7th,  1900)  have,  it  may  be 
mentioned,  found  a  moderate  grade  of  dwarfism  in  some 
cases  of  mitral  stenosis. 

With  regard  to  the  influence  of  the  nervous  system  in 
the  production  of  dwarf  growth  the  available  evidence 
is  not  conclusive.  The  close  relationship  of  the  central 
nervous  system  to  the  nutrition  of  the  tissues  is  of  course 
admitted  by  everybody,  and  we  are  aware  how  often  in- 
juries to  certain  ganglion  cells  or  nerve  trunks  are  fol- 
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lowed  by  atrophy  or  other  degenerative  disturbance.  It 
would  not  be  surprising,  then,  to  find  that  a  defective 
development  of  the  central  nervous  system  might  lead  to 
aplasia  or  hypoplasia  in  the  embryo.  Of  course  the  more 
extensive  defects  of  the  central  nervous  system,  as  anen- 
cephaly  and  amyelinia,  are  incompatible  with  life,  and 
consequently  cannot  be  adduced  as  conclusive  evidence  on 
the  subject  of  dwarfism.  As  a  matter  of  fact,  however, 
whatever  information  we  possess  seems  to  negative  the 
position  that  dwarfism  is  a  neurotrophic  disorder.  For 
instance,  as  Criiveilhier  has  shown,  the  most  extensive 
hydranencephaly  may  exist  without  a  trace  of  defective 
development  in  the  rest  of  the  body,  and  Vogt,  Klebs, 
and  Aeby  have  pointed  out  that  in  microcephaly  the  in- 
dividual as  a  whole  may  in  other  respects  be  well  de- 
veloped. The  most  we  can  say  is  that  certain  forms  of 
local  hypoplasia  may  with  some  probability  be  referred 
to  central  nervous  disturbances.  The  probability  is  in- 
creased when  in  a  child  with  such  a  defect  the  process 
extends  subsequently,  as  in  a  case  recorded  by  Emming- 
haus  {DeutscJies  ArcMvf.  klin.  Med.,  Bd.  ii.,  S.  96,  u.  Bd. 
xii.,  S.  49),  where  there  was  congenital  microplasia  of 
one  arm  followed  in  the  tenth  year  by  a  trophoneurosis 
of  the  eye  and  corresponding  side  of  the  face. 

That  the  thyroid  gland  exerts  an  important  and  often 
controlling  influence  in  the  processes  of  nutrition  cannot 
now  be  denied.  In  how  far  athyroidea  has  to  do  with 
dwarfism  is  still  a  moot  point.  The  whole  question  as 
to  the  relationship  of  the  thyroid  gland  to  myxcedema, 
cretinism,  and  deficient  development  generally  will  be 
dealt  with  more  at  length  shortly.  Suffice  it  to  say  here 
that  there  is  considerable  evidence  to  support  the  view 
that  there  are  many  minor  forms  of  cretinism  in  which 
the  most  striking  and  characteristic  features  are  absent, 
and  where  the  analogies  to  dwarfism  are  close.  Kilster 
extirpated  the  thyroid  gland  in  a  boy  of  fourteen,  whose 
growth  was  thereby  arrested  so  that  he  always  retained 
the  characteristics  of  a  boy  of  that  age.  Eiselsberg 
(LangenbeoJc' s  Arehiv,  Bd.  xlix.,  1895)  removed  the 
thyroid  in  two  lambs  a  week  old.  At  the  end  of  six 
months  they  weighed  10  and  14  kgm.  respectively,  while 
the  controls  weighed  35  kgm.  The  disturbance  was  gen- 
eral and  involved  the  brain  as  well  as  the  skeleton. 
Kappeler  also  found  in  a  boy  of  twelve  and  a  half  years, 
who  had  been  deprived  of  the  gland,  that  he  did  not 
grow  and  developed  some  of  the  symptoms  of  myxnede- 
ma.  It  may  well  be,  therefore,  that  infantilism,  as  Bris- 
saud  holds  ("  Legons  sur  les  maladies  nerveuses, "  Paris, 
1895),  is  simply  an  attenuated  form  of  cretinism. 
Additional  support  is  given  to  this  view  by  the  fact  that 
some  of  the  cases  have  been  improved  by  thyroid  feed- 
ing. Cases  of  this  kind  have  been  recorded  by  Wunder- 
\\ch{Britisli  Med.  Journ.,  ii.,  p.  1420,  1897)  and  Dukes 
(British  Med.  Journ.,  i.,  p.  618,  1898).  In  Wunderlich's 
case  palpation  proved  the  thyroid  to  be  extremely  small. 
In  this  connection  also  should  be  cited  an  interesting  case 
of  Sulzer's  {Deutsche  Zeitschrift  f.  Chirurgie,  1893)  in 
which  a  goitrous  thyroid  was  removed  from  a  boy  twelve 
and  a  half  years  of  age.  In  five  years  he  was  a  typical 
cretin.  He  then  began  to  improve  and  in  four  years  had 
regained  the  normal  condition.  It  was  found  that  a  por- 
tion of  the  gland  had  been  left  behind  at  the  operation, 
and  that  this  portion  began  to  grow  some  eight  years  af- 
terward. In  the  same  way  the  compensatory  develop- 
ment of  an  accessorjr  thyroid  has  an  important  bearing  on 
the  question  of  cretinism.  These  facts  afford  a  probable 
explanation  for  such  curious  cases  as  that  of  Sir  Jeflery 
Hudson,  who,  as  we  have  seen,  after  remaining  eighteen 
inches  high  for  twenty-two  years,  suddenly  shot  up  to 
three  feet  nine  inches.  Even  if  we  are  prepared  to  admit 
that  infantilism  is  due  to  athyroidea,  the  identity  of  in- 
fantilism with  dwarfism  is  not  beyond  cavil.  At  most 
can  we  say  that  the  explanation  may  hold  good  for  some 
of  the  cases.  For,  as  Lorain  was  the  first  to  point  out, 
instances  are  met  with  in  which  there  is  no  disturbance 
of  the  thyroid  gland,  and  the  defect  in  size  is  not  true 
infantilism,  but  rather  to  be  attributed  to  premature  epi- 
physeal ossification. 


So  far  we  have  been  discussing  the  relationship  of  de- 
fective organization  of  the  "  Anlage  "  of  the  various  sys- 
tems to  the  question  of  general  hypoplasia. 

We  pass  on  now  to  the  question  of  intra-uterine  mal- 
nutrition. In  this  connection  ill  health  or  improper  diet 
affecting  the  mother  or  a  local  anomaly  of  placenta- 
tion  is  the  chief  factor  concerned.  The  former  act  by 
bringing  a  poor  quality  of  blood  to  the  support  of  the 
foetus,  and  the  latter  presents  a  hindrance  to  the  free  in- 
terchange that  should  go  on  between  the  maternal  and 
foetal  bloods.  The  existence  of  syphilis,  tuberculosis,  or 
chronic  alcoholism  in  the  mother  might  be  expected  to 
produce  its  effect  upon  the  offspring,  largely  in  the  form 
of  lowered  vitality  and  increased  susceptibility  to  disease. 
It  is  suggestive  in  this  connection  that  the  Japanese  are 
in  the  habit  of  producing  dwarf  pups  by  feeding  the 
mothers  with  alcohol.  Charrin,  furthermore,  could  pro- 
duce a  similar  result  by  the  injection  of  ptomains.  Yet  the 
children  of  mothers  the  subjects  of  long-standing  disease 
or  cachexias  are  by  no  means  always  diminutive  or  poor- 
ly nourished.  The  vitium  shows  itself,  not  so  much  in 
immediate  anomalies  of  physical  development,  as  in  dis- 
ordered function  and  defective  reserve  power.  Much 
discussion  has  centred  round  the  question  as  to  whether 
there  is  such  a  thing  as  foetal  rickets.  Rickets  generally 
makes  its  appearance  during  the  first  or  second  year  of 
life,  after  the  sixth  month,  and  is  commonly  attributed 
to  insufficient  and  improper  alimentation,  although  un- 
hygienic surroundings  may  also  play  a  part.  It  is  not 
impossible  that  analogous  causes,  operating  during  in- 
tra-uterine life,  might  produce  the  same  effects.  Rickets 
is  not  hereditary,  although  congenital  influences  may  play 
a  part.  In  former  times,  and  indeed  to  a  large  extent  even 
in  these  days,  the  term  "  foetal  rickets  "  has  been  used  in 
a  very  loose  way  to  include  several  affections  character- 
ized by  imperfect  bone  formation,  such  as  syphilis,  osteo- 
genesis imperfecta,  and  chondrodystrophiafoetalis,  which 
are  now,  thanks  to  recent  studies,  separated  fairly  well 
one  from  the  other.  It  is  now  the  general  censensus  of 
opinion  that  congenital  rickets,  in  the  sense  of  a  rickets 
that  has  run  its  course  previous  to  birth,  does  not  exist. 
To  this,  however,  we  shall  return. 

In  one  or  two  cases  the  study  of  dwarf  foetuses  has  re- 
vealed the  fact  that  there  is  an  abnormal  relationship 
between  the  foetal  placenta  and  the  maternal  structures. 
The  chorionic  villi  were  scanty  and  were  composed  of 
thin  strands  of  connective  tissue  covered  by  an  abnor- 
mally thick  layer  of  epithelium,  while  at  the  same  time' 
the  projections  of  the  maternal  decidua  did  not  extend 
through  the  thickness  of  the  foetal  placenta,  as  is  usually 
the  case.  The  explanation  of  this  that  has  been  offered 
is  that  there  was  a  defective  development  of  the  decidua, 
but  this  is  almost  certainly  incorrect.  Chipman  ("  Ob- 
servations on  the  Placenta  of  the  Rabbit, "  "  Studies  from 
the  Royal  Victoria  Hospital,"  Montreal,  vol.  iv.,  Decem- 
ber, 1903)  has  shown  that  the  more  intimate  connection 
between  the  foetal  and  maternal  parts  is  brought  about 
by  a  process  of  absorption,  the  ectodermal  cells  of  the 
chorionic  villi  proliferating  and  invading  the  openings  of 
the  uterine  glands  and  extending  along  the  sheaths  of  the 
blood-vessels.  The  maternal  tissues  are  thus  eroded  as  it 
were,  and  are  quite  passive  in  the  matter.  It  may  well 
be,  then,  that  such  an  anomalous  development  of  the 
placenta  is  due,  not  to  malnutrition  and  imperfect  cell 
growth  on  the  part  of  the  mother,  but  to  a  primary  fault 
in  the  growing  embryo  that  evidences  itself  in  an  imper- 
fect development  of  the  placenta.  Apparently,  however, 
before  such  an  abnormality  can  result  in  dwarfing  of  the 
fruit  it  must  be  quite  extensive,  for  the  given  result  does 
not  always  follow.  As  Langhans  has  pointed  out,  a  simi- 
lar peculiarity  of  placentation  occurs  in  cases  of  tubal 
gestation,  where  the  foetus  is  usually  well  developed. 

Further,  the  properinterchange  of  blood  and  nutriment 
through  the  placenta  may  be  gravely  interfered  with 
owing  to  inflammatory  disturbances.  Here  syphilis 
plays  a  leading  r61e.  As  is  well  known,  in  syphilis  hered- 
itaria tarda  there  is  a  delayed  development  of  the  bony 
and  muscular  systems,  so  that  a  young  man  of  twenty 
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ay  look  like  a  boy  of  ten  or  twelve.  With  tliis  there  is 
'ten  an  infantile  condition  of  the  genitalia  and  the  hair 
1  the  pubes  and  other  parts  is  slow  in  appearing.  The 
laracteristic  lesion  of  syphilis  in  the  placenta  is  endar- 
iritis,  which  leads  to  extensive  destruction  of  the  Vascu- 
,r  area,  with  degeneration,  atrophy,  and  fibrosis  of  the 
^gion  involved.  The  placental  circulation  must  in  such 
ises  be  greatly  interfered  with.  In  syphilis,  however, 
ther  factors  enter.  "We  have  to  admit  that  the  pres- 
ice  of  so  serious  a  disease  in  the  parent,  usually  the 
ither,  must  have  a  tendency  to  lessen  the  vitality  of 
16  germ  cell,  to  say  nothing  of  the  presence  of  the 
erm  of  the  disease  (the  existence  of  which  on  analogy 
e  can  hardly  deny)  in  the  fertilized  ovum,  with  all 
lat  this  implies. 

Hitherto  we  have  been  discussing  what  might  be  called 
nmary  or  essential  dwarfism  (microsomia)  in  which  the 
redominating  element  is  a  deficiency  in  the  vegetative 
aer^y  of  the  cells.  The  affected  persons  are  in  fact  nor- 
lal  individuals  save  in  the  one  particular  of  size  and 
'eight.  Besides  this,  however,  we  have  to  recognize 
DOther  class  of  cases  that  clearly  belong  to  a  different 
itegory.  I  refer  to  instances  of  secondary  or  sympto- 
Mtic  dwarfism.  Here,  while  the  height  of  the  body  is 
elow  the  normal,  tlie  weight  is  not  so  strikingly  dimin- 
ihed  as  in  the  true  dwarfs.  The  main  feature  is,  how- 
ver,  that  in  addition  to  general  hypoplasia,  there  are 
videnees  of  pathological  changes  in  the  tissues,  particu- 
irly  in  the  bones,  leading  to  asymmetry,  deformities, 
ractures,  or  malformations.  The  defects  are  structural 
s  well  as  nutritional.  Just  at  this  point  it  may  be  re- 
larked  that  tlie  exact  nature  of  these  cases  presents  one 
f  the  most  difficult  problems  in  etiology.  In  former 
!mes  many  cases  of  congenital  dwarfism  of  this  type  were 
ut  down  to  syphilis,  rickets,  or  cretinism.  It  was  soon 
Dund,  however,  that  there  were  some  important  points 
f  distinction  between  certain  of  the  cases.  The  typical 
matures  of  cretinism  were  not  always  present,  nor  did 
36  disease,  if  rickets,  conform  to  the  picture  of  the  ordi- 
ary  post-natal  affection.  These  considerations  have 
id  investigators  to  recognize  several  distinct  types, 
'hich  are  by  some  regarded  as  separate  entities.  We 
ave,  therefore,  to  consider  in  this  connection  rachitis, 
retinism,  osteopsathyrosis,  chondrodystrophia  foetalis, 
nd  osteogenesis  imperfecta,  affections  that  agree  in  this 
lat  with  more  or  less  stunting  of  the  body  there  are 
truptural  modifications  of  the  bones  of  an  obviously 
athological  nature.  The  amount  of  confusion  that  has 
ivolved  the  subject  is  sufficiently  indicated  by  the  num- 
er  of  names  that  have  been  proposed  for  the  condition — 
Etal  rachitis,  pseudorachitism,  cretinoid  dysplasia, 
hondritis  foetalis,  micromelia  chondromalacica,  achon- 
roplasia,  chondrodystrophia  foetalis.  A  decided  step  in 
ivance  has  been  made  through  the  researches  of  Kauf- 
lann  ("  Untersuchungen  ilber  die  sogen.  fcetale  Rachi- 
s,"  Berlin,  1893,  u.  Ziegler's  "Beitrage,"  1893,  xiii.,  8. 
3-64)  who  introduced  the  name  chondrodystrophia  foe- 
ilis.  Here  the  type  of  dwarfism  is  micromelic  and  the 
isions  are  usually  symmetrical.  The  body  is  plump,  the 
licromelia  rhizomelic,  the  head  large,  and  the  hands 
ften  show  the  so-called  "trident"  deformity.  There 
re,  however,  notable  differences  in  the  length,  curva- 
ire,  and  consistence  of  the  bones  of  the  extremities,  and 
I  the  configuration  of  the  skull.  Kaufmann,  conse- 
uently,  recognizes  two  groups :  one,  in  which  there  is  a 
istinct  cretinoid  appearance  of  the  skull  and  face,  name- 
>■,  a  deeply  sunken  nose,  prominent  eyelids  and  lips, 
lick  cheeks,  and  large  mouth ;  and  another,  in  which 
16  nose  is  flattened  and  retracted  as  a  whole.  In  the 
)rmer  type  the  bone  is  of  good  consistence  although 
)mewhat  more  vascular  than  normal,  while  in  the  latter 
le  bone  is  soft.  No  hard-and-fast  line  can  be  drawn 
stween  the  two  forms,  and  Kaufmann  regards  them_  as 
lanifestations  of  the  same  process,  the  differences  being 
lie  to  the  chronicity  and  intensity  of  the  process.  The 
itraction  of  the  root  of  the  nose  is  usually  said  to  be 
rought  about  by  premature  ossification  and  synostosis 
:  the  OS  tribasilare.     The  ethmoid  is  also  somewhat 


shortened,  and  in  some  cases  may  be  the  only  part  af- 
fected. Klein  has  observed  well-marked  craniotabes  in 
some  cases.  In  some,  too,  there  may  be  beading  at  the 
costochondal  articulations,  and  defective  development  of 
the  pelvis,  glenoid,  and  cotyloid  cavities.  Lordosis  may 
also  be  a  marked  feature,  and  Regnault  (Bull,  et  mim. 
de  la  Soc.  d'Anat.,  1901,  Ixxvi.,  pp.  559-560)  has  found 
the  vertebrae  involved.  The  disease  begins  in  foetal  life, 
running  its  course  usually,  as  it  is  believed,  from  the 
third  to  the  sixth  week.  As  a  consequence  the  bones 
affected  are  the  base  of  the  skull,  the  long  bones,  the 
ribs,  and  the  pelvis.  The  bones  formed  in  membrane, 
those  that  in  late  foetal  life  are  mainly  cartilaginous,  usu- 
ally escape.  Kaufmann  has  described  three  sub-classes 
in  chondrodystrophia:  Chondrodystrophia  malacica,  in 
wliich  the  bone  is  soft ;  C.  hypoplastica,  in  which  tliere 
are  evidences  of  retarded  growth ;  and  the  C.  hyperplas- 
tica  in  which  the  epiphyseal  ends  of  the  long  bones  are 
greatly  enlarged.  The  periosteal  ossification  is  normal,  so 
that  tlie  bones  become  plump  and  thick,  although  some- 
what irregular,  but  the  growth  in  length  is  disturbed 
owing  to  faulty  ossification  at  the  epiphyseal  junctures. 
Ingrowth  of  the  periosteum  at  the  epiphyseal  lines  may 
occur.  Microscopically  the  cartilage  cells  are  deficient 
in  growth,  being  spindle-shaped  and  irregularly  arranged, 
while  the  hyaline  matrix  is  more  or  less  soft  and  homo- 
geneous. It  is  not  improbable,  however,  although  the 
majority  of  children  thus  affected  are  stillborn,  that 
when  the  affection  is  of  mild  type  or  arises  late  on  in  foe- 
tal life,  existence  may  be  prolonged  for  some  time.  Par- 
rot has  met  with  an  example  in  a  child  seven  and  a  half 
years  old,  who  measured  94  cm.  in  length.  Certain 
changes  in  the  bones  of  the  hands,  notably  in  the  fingers, 
seem  to  prove  that  the  disturbances  of  ossification  may 
go  on  at  a  later  period  than  that  above  indicated.  (See 
Thompson,  JSdin.  Med.  Journ.,  1893-93,  vol.  xxxviii., 
pp.  1109-1113,  and  Turner,  Pi-actitioner,  1899,  vol. 
Ixiii.,  pp.  363-377.)  Thompson  {loc.  cit.)  has  met  with 
two  instances  at  the  ages  of  thirty-six  and  thirty-nine, 
and  others  have  been  described  by  Osier  (Trans.  Amer. 
Cong.  Phy.  and  Surg.,  1897,  vol.  "iv.,  pp.  190-193),  Abt 
{Archives  of  Pediatrics),  Cestan,  "Nouvelle  Iconographie 
de  la  Salpetrifire,"  1901,  xiv.,  377-389),  Apen{Ibid.,  pp. 
290-398),  and  Baldwin  (Medical  Sews,  1890,  vol.  Ivii., 
pp.  138-141). 

The  exact  relationship  of  the  disease,  called  by  Vrolik 
and  Stilling  (Firc^.  ArcMi),  1899,  cxv.,  SS.  857-370)  osteo- 
genesis imperfecta,  to  chondrodystrophia,  is  still  sub  ju- 
dice.  The  studies  of  Stilling,  Hildebrandt  ( Virch.  Archiv, 
1899,  clviii.,  SS.  436-444),  and  Harbitz  (Ziegler's  "Bei- 
trage," 1901,  XXX.,  SS.  605-638)  go  to  show  that  it  is  a 
definite  intra-uterine  process.  There  is  clearly  some  de- 
fect in  the  process  of  ossification,  for  the  bones  are  soft 
and  brittle,  with  the  result  that  fractures  and  deformities 
are  common.  Microscopical  study  has  shown  that  the 
trabeculee  are  few  in  number,  irregular,  and  imperfectly 
formed.  There  is  no  continuous  system  of  trabeculse 
with  Haversian  canals  and  lamellae  as  in  normal  bone. 
A  point  of  great  interest  is  the  extraordinary  manner  of 
ossification  of  the  skull.  The  calvarium  is  formed  not  of 
continuous  bony  plates,  but  of  a  multitude  of  small  mo- 
saics, sometimes  touching  one  another,  but  also  attached 
by  bridges  of  periosteum  and  dura.  In  a  remarkable  case 
described  by  Stilling,  the  cranial  covering' consisted  of  a 
membranous  sac  which  contained  scattered  bony  spic- 
ules. So  far  as  is  known  there  is  no  synostosis  of  the 
basal  synchondrosis  in  this  disease.  While  the  affection 
has  hitherto  been  found  only  in  the  new-born  or  in  very 
young  infants,  it  is  not  necessarily  fatal,  and  Harbitz  is 
inclined  to  think  that  some  cases  of  dwarfism  that  have 
been  regarded  as  examples  of  foetal  rickets  or  chondro- 
dystrophia may  have  been  osteogenesis  imperfecta. 
As  in  chondrodystrophia  porosity  of  the  bones  occasion- 
ally appears  to  depend  on  hereditary  conditions,  and 
Bircher  (Lubarsch  u.  Ostertag,  "  Allg.  Aetiologie,"  Wies- 
baden, 1896,  S.  53)  has  found  osteoporosis  in  the  case  of 
a  chondrodystrophic  dwarf  (of.  also  the  case  of  Ekmann, 
referred  to  above).     We  are,  therefore,  not  prepared  to 
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believe  with  Paltauf  ("Ueber  den  Zwergwuchs,"  Wien, 
1891)  that  the  two  affections  are  not  related. 

To  rickets  chondrodystrophla  bears  much  resemblance, 
although  there  are  several  difEerences.  In  both  there  is 
enlargement  of  the  epiphyseal  ends  of  the  long  bones 
(chondrodystrophla  hyperplastica),  the  long  bones  may  be 
curved  the  ribs  beaded,  and  there  may  be  spmal  and  pel- 
vic deformities.  In  rickets,  however,  the  arms  are  usu- 
ally long  Periosteal  bone  formation  is  also  interfered 
with  The  periosteum  is  readily  stripped  off  and  the 
underlying  bone  is  softer  and  more  spongy  than  normal. 
As  the  condition  heals  the  bone  becomes  unusually  plump 
and  dense.  Basilar  synostosis  does  not  occur  in  rickets. 
Microscopic  study  has  shown  that  the  epiphyseal  zone  of 
proliferation  in  rickets  is  thicker  than  normal,  irregular 
in  outline,  soft,  and  very  hypersemic,  so  much  so  that  Kas- 
Bowitz  beUeved  the  lesions  to  be  of  inflammatory  origin 

The  microscopical  appearances  of  the  growing  ends  of 
the  bones  in  chondrodystrophla  are,  however,  quite  dif- 
ferent from  those  in  post-natal  rickets.  No  clear  evi- 
dence of  the  existence  of  rickets  originating  during  intra- 
uterine life  is  forthcoming,  yet  there  is  a  parallel  between 
chondrodystrophla  and  rickets,  for,  as  is  well  known, 
post-natal  rickets,  if  severe,  results  in  the  stunting  of  the 
growth  of  the  affected  individual,  and  cases  of  extreme 
dwarfism  have  been  met  with.  The  lesions  are  charac- 
teristic. The  skull  Is  large,  although  the  face  is  relative- 
ly Ismail.  The  fontanels  remain  open  for  a  prolonged 
period,  and  bone  in  certain  regions,  especially  the  occi- 
pito-parietal,  may  be  so  thin  as  to  give  way  under  the 
pressure  of  the  finger  (craniotabes).  The  forehead  is 
usually  large  and  square,  owing  to  the  formation  of  flat 
hyperostoses  over  the  frontal  eminences.  The  sternum 
projects  and  the  sides  of  the  chest  are  drawn  in  (pectus 
carinatum).  The  spine  is  often  curved  and  the  extremi- 
ties become  greatly  deformed  owing  to  the  weight  of  the 
body  and  muscular  action.  The  pelvis  is  contracted; 
dentition  is  delayed  and  the  teeth  are  small  and  badly 
formed.  The  condition  is  by  many  believed  to  be  due  to 
infection  or  possibly  auto-intoxication.  This  view  is 
supported  by  the  experiments  of  Morpurgo  (CentralU. 
f.  Path.,  1902,  xiii.,  S.  113),  who  showed  that  rickety 
changes  in  the  skeletons  of  young  white  rats  could  be 
produced  by  the  injection  of  cultures  of  a  diplococcus. 
The  lesions  in  rickets,  however,  are  so  unlike  those  of 
chondrodystrophla  in  important  particulars  that  it  is 
unlikely  that  an  infective  cause  is  at  work  in  the  latter 
disease.  Differentiation  between  chondrodystrophla 
and  rickets  may  be  made  by  attention  to  the  following 
points:  The  dwarfism  in  the  former  is  micromelic;  in  the 
latter  not.  Periosteal  bone  formation  is  not  interfered 
with  in  chondrodystrophla,  while  it  is  in  rickets.  In 
healed  rickets  the  bone  is  abnormally  dense ;  not  so  in 
chondrodystrophla.  Basilar  synostosis  does  not  occur  in 
rickets.  In  rickets  you  do  not  get  "  trident  deformity  " 
of  the  hands.  Developmental  anomalies,  like  cleft  pal- 
ate and  polydactylism,  are  not  found  in  rickets.  Osteo- 
genesis imperfecta  is  recognized  by  the  fragility  of  the 
bones,  the  pecuhar  ossification  of  the  cranium,  and  the 
lack  of  basilar  synostosis. 

It  is  a  suggestive  and  a  striking  fact  that  while  we  are 
able  to  draw  these  distinctions  between  the  type  cases  of 
chondrodystrophla,  osteogenesis  imperfecta,  and  rickets, 
there  exist  borderland  cases  in  which  some  of  the  feat- 
ures of  these  diseases  may  be  combined.  Such  a  one  Is 
that  reported  by  Hektoen  ("  Anatomical  Study  of  a  Short- 
limbed  Dwarf,"  Amer.  Jour.  Med.  Scien.,  May,  1903), 
In  which  in  a  micromelic  dwarf,  forty-five  years  of  age, 
there  were  one  hundred  and  seventy-two  Wormian  bones 
in  the  skull,  without  premature  synostosis  of  the  os 
tribasilare,  with  shortness  and  curvatures  of  the  long 
bones,  enlargement  of  the  articular  ends,  curvatures  of 
the  spine,  deformity  of  the  pelvis,  osteoporosis  and  mul- 
tiple fractures,  and  a  fibroid  thyroid.  A  case  presenting 
features  both  of  chondrodystrojjhia  and  osteogenesis  im- 
perfecta has  been  described  also  by  the  Countess  von 
GeldernEgmoud  ("Beitr.  zur  Casuistik  der  sogenn. 
fOtalen  Rachitis,"  Inaug. -Diss. ,  Zurich,  1897). 


The  etiology  of  these  interesting  conditions  is  still 
largely  unknown.  Heredity  appears  to  be  a  factor  in 
some  cases.  In  one  case,  recorded  by  Porak  ("Beitrag 
zur  Histologle  und  Funktlon  der  SchilddrUse,"  Inaug. - 
Diss.,  KSnigsberg,  1893)  a  dwarf  gave  birth  to  one 
healthy  child  and  a  second  with  all  the  signs  of  the  so- 
called  "  fcBtal  rickets."  Gueniot  (Butt,  et  mem.  de  la  8oe. 
Obstet.  et  gynecol.  de  Paris,  January,  1893)  recounts  the 
operation  of  Cesarean  section  on  an  achondroplastic 
dwarf,  the  child  being  similarly  affected.  The  parents 
of  chondrodystrophic  dwarfs  as  well  as  their  children  are 
nevertheless  often  healthy.  Heredity  seems  then  to  play 
a  minor  role.  The  Influence  of  heredity  in  the  case  of 
Polydactyly  has  already  been  dwelt  upon,  and  it  Is  a 
curious  fact  that  Polydactyly  may  sometimes  be  asso- 
ciated with  dwarfism.  An  instance  of  this  will  be  found 
in  liutchiyison's  Arehwes  of  Surgery  for  April,  1893,  where 
there  is  given  an  Illustration  of  a  micromelic  polydactyl- 
ous  dwarf,  copied  from  Theodore  Kerckring's  "  Spicile- 
gium  Anatomlcum,"  published  in  1670.  The  drawing  is 
not  entirely  to  be  relied  upon,  but  it  is  clear  that  the  limbs 
were  too  short  for  the  trunk.  Both  the  hands  have  seven 
digits ;  the  right  foot  has  eight  and  the  left  nine.  The 
condition  Is  not  perfectly  symmetrical,  for  In  some  cases 
two  of  the  metacarpal  or  metatarsal  bones  are  welded 
together.  The  long  bones  are  plump,  and,  so  far  as  it  is 
safe  to  judge  from  the  Imperfect  sketch,  the  ends  appear 
to  have  been  enlarged.  The  orbits  are  deformed,  the  two 
halves  of  the  lower  jaw  are  already  united,  and  the  ribs 
are  short  and  badly  formed.  It  is  clear  that  here  we 
have  an  abnormality  of  development  in  few  respects 
comparable  to  rickets.  It  may  be  that  here,  as  in  simple 
polydactylism,  we  are  dealing  with  a  primary  vitium  of 
development  inherent  in  the  germinal  cell.  This  view  Is 
supported  also  by  the  observation  of  Kirchberg  and 
Marchand  (Ziegler's  "Beitr.  zur  path.  Anatomle,"  Bd. 
v.,  1889),  who  found  cleft  palate  in  a  chondrodystrophic 
Infant.  One  of  Bowlby's  cases,  also,  reported  as  con- 
genital cretinism  but  really  an  Instance  of  chondrodys- 
trophla, had  a  cleft  palate  and  a  deformed  nose.  The 
right  foot  liad  six  metatarsal  bones  but  seven  toes;  the 
left  foot  had  seven  toes. 

There  is,  however,  another  possible  explanation.  Re- 
cent observations  have  shown  that  many  forms  of  hypo- 
plasia, non- closure  of  sutures,  and,  in  fact,  the  most 
extreme  deformities  may  result  from  intra-uterine  press- 
ure. The  simple  weight  of  a  limb  resting  on  a  band  has 
been  suflBcient  to  erode  the  soft  tissues  to  the  bone. 
Twisting  of  the  cord  about  a  limb  may  lead  to  dwarfing 
or  amputation.  The  pressure  of  bands  traversing  the 
amniotic  sac  is  also  a  well-recognlz^d  cause  of  even  more 
extreme  deformities,  such  as  anencephaly  and  cranio- 
rachischisis.  Dareste  believed  that  a  contracted  amnion 
was  an  important  cause  of  hypoplasia. 

In  Klebs'  text-book  of  "General  Pathology"  (vol.  ii., 
1889,  Jena)  is  an  interesting  Illustration  representing  a 
microscopical  section  through  the  proliferating  end  of 
one  of  the  long  bones  in  a  micromelic  dwarf.  The  grow- 
ing cartilage  cells  are  closely  packed  together,  flattened, 
with  their  long  axes  at  right  angles  to  the  long  axis  of 
the  bone.  The  appearances  could  not  be  due  to  altera- 
tions in  the  ground  substance  which  seemed  to  be  nor- 
mal, but  could  be  attributed  only  to  the  effects  of  exter- 
nal pressure.  This  would,  of  course,  lead  to  inhibited 
and  Imperfect  ossification.  The  effects  of  Intra-uterine 
compression  are  well  illustrated  by  the  experiments  of 
Fol  and  Warynski  (Thfese  de  Genfive),  who  brought  ex- 
ternal pressure  to  bear  upon  a  growing  embryo.  They 
found  that  the  head  was  the  part  most  amenable  to  press- 
ure, and  could  to  some  extent  be  restrained  in  its  growth. 
Warynski,  also,  by  exerting  pressure  at  the  site  of  fusion 
of  the  two  primitive  cardiac  rudiments,  was  able  to  pro- 
duce a  double-hearted  monster.  Klebs  (loe.  cit.,  p.  306) 
refers  to  a  most  remarkable  case  in  which  a  contracted 
sac  led  to  a  singular  malformation.  In  an  ectopic  gesta- 
tion the  foetus  was  found  in  a  tight  sac  within  the  trans- 
verse mesocolon.  There  was  syndactylism  in  the  upper 
extremities  and  polydactylism  in  the  lower.    Prom  the 
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recorded  cases  it  would  appear  that  contraction  of  tlie 
amnion  does  not  lead  to  dwarfing  of  the  fojtus  as  a  whole, 
but  that  certain  parts  are  more  liable  to  be  affected,  as 
the  extremities  and  head.  In  this  connection  also  may 
be  remembered  the  fact  that  hydramnios  is  apt  to  be  asso- 
ciated with  grave  deformities,  such  as  exencephaly  and 
spina  bifida,  and  has  been  found  in  a  case  of  osteogene- 
sis imperfecta.  The  effect  of  intra-uterine  pressure  has 
also  been  emphasized  by  von  Pranque  ("Ueber  sogenan. 
foetale  Rachitis,"  Sitzungsberichte  der  physicalisch- 
mediz.  Gesellsch.,  Wurzburg,  Jahrg.  1893,  S.  80). 

It  is  on  the  ground  of  the  obvious  errors  in  develop- 
ment which  are  sometimes  associated  with  chondrodys- 
trophia,  and  which  can  only  be  referred  to  peculiarities  of 
the  Anlage,  that  Virchow  objects  to  the  term  chondrodys- 
trophia  introduced  by  Kaufmann.  Virchow  points  out 
that  the  condition  imperceptibly  shades  into  a  pronounced 
developmental  anomaly  {Missbildung),  which  is  finally 
represented  by  the  phokomelia  of  Saint  Hilaire. 

The  small  stature,  the  peculiar  facial  configuration,  and 
the  enfeeblement  of  mental  power,  with  other  minor  ab- 
normalities found  in  some  cases  of  chondrodystrophia, 
have  induced  the  suspicion  that  some  of  these  cases  of 
dwarfism  are  really  cases  of  cretinism.  The  difliculties  in 
the  way  of  differential  diagnosis  are  great.  Thus  Dolega, 
Bernard,  and  Bircher  have  pronounced  certain  cases  to 
be  instances  of  cretinism,  and  yet  a  subsequent  examina- 
tion proved  them  to  be  Kaufmann's  chondrodystrophia, 
and  conversely,  Neumann,  Scholz,  and  others  have  de- 
scribed instances  of  cretinism  as  foetal  rickets.  The  diffi- 
culties in  the  way  will  be  readily  comprehended  if  one 
considers  for  a  moment  the  lesions  in  a  typical  case  of 
cretinism.  In  the  cretin  the  stature  is  almost  always 
stunted,  Maffei  in  twenty-two  cases  out  of  twenty-five 
finding  the  height  to  be  less  than  140  cm.,  while  several 
were  under  95  cm.  The  limbs  and  trunk  are  dispropor- 
tionate. The  head  is  usually  relatively  large,  the  top 
flat,  and  the  occiput  prominent,  although  microcephaly 
has  been  found.  The  fontanels  and  sutures  remain  open 
for  a  long  time.  The  root  of  the  nose  is  retracted,  and 
the  organ  is  short  and  thick  with  large  wide  nostrils. 
The  lips  and  tongue  are  enlarged.  The  teeth  appear 
late  and  are  large.  The  first  dentition  usually  persists 
throughout  life.  There  is  as  a  rule  no  hair  on  the  pubes 
and  in  the  axillae.  The  sexual  organs  are  poorly  devel- 
oped, and  puberty,  if  it  occur  at  all,  is  late.  With  regard 
to  the  finer  structure  of  the  bones  in  cretins,  Langhans 
{Virch.  Arclim,  1892,  cxxviii.)  found  that  the  cartilage 
cells  were  small,  spindle-shaped,  and  anomalously  ar- 
ranged, being  longitudinal  to  the  axis  of  the  columns. 
The  rows  were  also  often  interrupted.  The  bony  tra- 
beculse  were  shortened  and  the  marrow  spaces  in  the 


youngest  portions  of  the  bone  were  large  and  widely 
separated.  The  resemblance  to  Class  I.  of  Kaufmann's 
chondrodystrophia  is  close.  Typical  cretinism  is  en- 
demic and  associated  with  goitre.  Chondrodystrophic 
dvi'arfism  is  sporadic.  Can,  then,  chondrodystrophia  be 
sporadic  cretinism  ?  The  recorded  cases  of  chondrodys- 
trophia go  to  show  that  the  disease  is  of  intra-uterine 
origin,  and  so  far  no  evidence  is  forthcoming  to  prove 
that  the  affection  ever  arises  subsequently  to  birth.  Cre- 
tinism is  said  to  be  congenital  in  some  cases,  but  the 
symptoms  usually  appear  some  five  to  eight  months  after 
birth,  or  even  later.  It  is  now  believed  that  the  changes 
in  the  skeleton  of  cretins  are  due  to  delayed  ossification 
of  the  cartilages.  Hofmeister  {ForUchritte  auf  dsm 
OMete  der  Baentgen-Strahlen,  Bd.  i.,  Hft.  i.,  1897), 
studying  a  case  of  cretinism  with  the  arrays,  found  that 
the  epiphyseal  ends  of  the  bones  grew  slowly,  and  that 
the  epiphyseal  plates  persisted  for  a  long  time.  The 
bones  were  small.  Ossification  may  in  time  be  com- 
pleted, but  the  process  may  take  years;  in  fact,  cretins 
may  continue  to  grow  until  they  are  thirty  or  forty  years 
of  age.  Periosteal  osteogenesis  is  normal,  or  may  be  in 
excess.  The  peculiar  appearance  of  the  nose  is  due  to 
premature  synostosis  of  the  bones  at  the  base  of  the  skull, 
although,  as  Niepce,  Stahl,  and  Klebs  have  shown,  this 
anomaly  of  bone  formation  does  not  always  occur.  . 

The  stunted  growth  is  believed  by  Bircher  {loe.  cit.)  to ' 
be  due  to  defective  development  of  the  cartilage  cells,  as 
was  found  occasionally  by  Virchow  and  Klebs  at  the 
base  of  the  skull.  We  find,  therefore,  that  cretinism  and 
the  so-called  chondrodystrophia  have  much  in  common. 
The  resemblance  can,  however,  be  made  out  clearly  only 
in  the  case  of  chondrodystrophia  of  Kaufmann's  first 
group.  Cretinoid  chondrodystrophia  might  be  explained 
as  cretinism  that  had  become  marked  at  a  very  early 
period  of  intra-uterine  life. 

Purther  information  might  be  obtained  by  an  inquiry 
into  the  condition  of  the  thyroid  gland  in  chondrodystro- 
phia. Hofmeister  ("Experimentelle  Untersuchungen 
ilber  die  Pol  gen  des  Schilddrusenverlustes, "  Beitrage 
zur  klin.  Ghirurgie,  1894)  holds  that  the  changes  in  the 
bones  produced  by  thyroidectomizing  rabbits  are  iden- 
tical with  those  found  in  chondrodystrophia  as  described 
by  Kaufmann,  H.  Milller,  Kirchberg,  and  Marchand. 
Although  we  must  admit  the  great  similarity  of  the  le- 
sions in  the  two  cases,  this,  of  course,  does  not  prove  iden- 
tity. Leblanc  (Comptes  rend,  de  Soc.  de  Biol.,  1903,  liv., 
88-89)  states  that  chondrodystrophia  is  often  associated 
with  myxcedema  and  that  disturbance  of  the  thyroid  is 
the  causa  morbi.  Nasan  (Eev.  de  Neurologie,  1901,  p. 
549)  is  of  the  same  opinion.  There  is  no  need  of  entering 
here  into  the  question  of  the  identity  of  myxcedema  and 


Case. 

Observer. 

Type  of  Disease. 

Thyroid. 

Reference. 

J 

Bowlby 

Kirchberg  and 

Marchand. 
Dolega 

Paltauf 

Cretinoid     with     some     signs     of 
myxoedema. 

Trans.  Path.  Soc,  1884,  p.  450. 

Ziegler's  "Beitrage  zur  path,  Anat.,"  Bd. 

5,1889. 
Ziegler's  "Beitr.  zur  path.  Anat.,"  Bd.  9, 

1891. 
"  Ueber  den  Zwergwuchs,"  Wien,  1891. 

II 

Not  enlarged , 

III 

A  few  atrophied  remains  without 

colloid  found. 
Very  small 

IV 

V 

His  (quoted  by 

Paltauf). 
Bernard 

Kaufmann 

Kaufmann  .... 
Scholz  

Johannessen  . . 

Salvetti 

Grotthoft 

Apparently  normal. 

Thyroid  absent,  but  a  very  small 

accessory  found. 
Small  in  two ;  without  change  or 

at  least  not  enlarged  in  Ave. 

VI 

"Die   Cretine   Pohl,"   Inaug.-Diss.  Wiirz- 

VII.- 

burg,  1892. 
"Untersuchungen    ijber    die    sogenannte 

XIX. 

XX.. 

XXI 

Not  cretinoid  ;  C.  hyperplastica 

foetale  Eachitis,"  BerUn,  1892. 
Ziegler's  "Beitr.,"  1893.  xiii.,  S.  32. 
"Ueber    lotale    Eachitis,"      Inaug.-Diss. 

GSttingen,  1892. 
Ziegler's  "Beitr.,"  Bd.  23, 1895. 

Ziegler's  "Beitr.,"  Bd.  16, 1894,  S.  29. 

Vascular  struma 

XXII. . 

xxm.. 
xxrv.. 

C.  hyperplastica,  not  cretinoid 

C.  hypoplastica ;  cretinoid  with  some 
signs  of  myxoedema. 

Normal  (microscopical  examina- 
tion). 

XXV 

Normal  size 

Rachitis,"  Inaug.-Diss.,  Berlin,  1895. 
Lubarsch  u.  Ostertag's  "  AUg.  Aetiologie," 

XXVT  - 

LegnyandEeg- 

nault. 
Hpkt/ipn 

Normal  in  all 

1898,  S.  51. 
Comptes  rend,  de  Soc.  de  Biol.,  1902,  liv., 

XXVIII. 
XXIX.. 

Atrophy  and  fibrosis ;  hypophysis 
enlarged;  iodine  not  determin- 
able in  thyroid. 

567. 
Amer.  Journ.  Med.  Sciences,  May,  1903. 

Vol.  VIII.— 31 
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cretinism,  further  than  to  say  that  it  is  proved  practically 
beyond  doubt  that  the  two  are  one  and  the  same  thing, 
and  due  to  defect  in  the  function  of  the  thyroid.  Any 
difEerences  are  to  be  explained  in  respect  to  the  time  at 
which  the  athyroidea  first  makes  itself  manifest.  Myx- 
oedema  is  cretinism  manifesting  itself  in  the  adult;  cre- 
tinism ismyxcedema  of  childhood.  In  opposition  to  the 
views  of  Leblanc  and  Nasan  mav  be  cited  the  experience  of 
Cestan  ("Nouvelle  Iconographie  de  la  SalpStrifire,"  1901, 
xiv  277)  who  found  a  condition  of  chondrodystrophy  in 
a  girl  nine  and  a  half  years  old,  unimproved  by  thyroid 
feeding  for  nine  months,  and  of  Marie  {Presae  medicate, 
Juillet,  1900,  vol.  iv.),  who  in  two  cases  found  no  benefit 
from  the  use  of  thyroid  extract.  We  should  observe,  too, 
that  the  lesions  of  chondrodystrophia  are  said  to  develop 
in  the  earliest  period  of  foetal  life  before  the  thyroid  is 
properly  formed. 

With  regard  to  the  anatomical  peculiarities  of  the  thy- 
roid in  chondrodystrophia  it  is  not  always  possible  to 
obtain  accurate  information.  So  far  as  I  have  been 
able  to  trace  them  they  will  be  found  in  the  preceding 
table. 

Unfortunately,  not  having  access  to  the  original  papers 
in  all  instances,  I  am  not  able  to  give  complete  informa- 
tion in  the  above  table,  and  the  number  of  cases  might 
be  added  to.  We  see,  however,  that  out  of  twenty -nine 
cases  the  thyroid  is  abnormal  in  eight,  either  absent, 
atrophied,  or  hypertrophied.  And  it  is  further  striking 
that  in  all  the  cases  in  which  the  thyroid  is  obviously  dis- 
eased, with  one  exception,  the  clinical  type  has  been  cre- 
tinoid ;  with,  in  two  cases,  some  additional  features  re- 
sembling myxoedema.  The  one  exception,  Hektoen's 
case,  is  probably  to  be  explained  on  the  ground  of  a 
compensatory  action  of  the  hypophysis,  which  was  con- 
siderably enlarged,  but  otherwise  of  normal  structure. 
In  Bowlby's  case,  which  is  recorded  as  a  case  of  cre- 
tinism, being  observed  before  the  distinctions  between 
the  different  forms  of  abnormal  osteogenesis  were  so 
closely  drawn  as  they  are  at  present,  the  skin  was 
cedematous  and  semitranslucent,  the  nose  was  broad 
and  flat,  and  there  were  no  eyelashes  or  eyebrows.  In 
Salvetti's  case  the  skin  was  also  cedematous.  In  the 
one  case  in  which  vascular  struma  is  stated  to  have 
been  present  (Scholz),  there  were  apparently  no  signs  of 
cretinism ;  but  this  anatomical  condition  of  the  thyroid 
does  not  of  course  imply  deficiency  of  the  secretion ; 
rather  is  it  akin  to  what  is  found  in  exophthalmic  goitre 
or  hyperthyroidism.  This  association  of  defective  thy- 
roid secretion,  which  must  be  admitted  where  the  thyroid 
structure  is  so  extremely  altered,  with  the  cretinoid  type 
of  Kaufmann's  chondrodystropliia  can  hardly  be  fortui- 
tous, especially  when  we  note  that  in  the  cases  that  are 
distinctly  without  cretinoid  features,  the  thyroid  has  been, 
so  far  as  we  can  judge  from  the  imperfect  information 
that  we  are  given,  practically  normal.  In  settling  this  lat- 
ter point  we  can  admit  as  conclusive  evidence  only  cases 
that  have  been  controlled  by  post-mortem  examination. 
Still,  the  position  is  supported  to  some  extent  by  clinical 
cases.  It  is,  it  must  be  remarked,  difficult  to  draw  con- 
clusions as  to  the  functional  efficacy  of  the  thyroid  from 
an  estimate  of  its  size  alone  derivedfrom  palpation.  Os- 
ier (Trans.  Congr.  Amer.  Phys.  and  Surg.,  1897,  vol.  iv., 
pp.  190-192)  describes  two  cases  of  chondrodystrophia  in 
French-Canadian  children,  who  did  not  present  the  creti- 
noid fades,  in  whom  the  thyroid  was  not  enlarged  on 
palpation.  Joachimsthal  (Deut.  vud.  Woch.,  1899,  S. 
388)  also  reports  a  case  of  chondrodystrophia  hyperplas- 
tica,  without  the  cretinoid  appearance,  in  which  also  the 
thyroid  was  normal  on  palpation.  As  corroborative  evi- 
dence, also,  it  may  be  noted  that  Virchow  ( Virch.  Arcliiv, 
1883,  xciv.,  S.  183),  in  the  canton  of  Glarus,  Switzerland, 
where  goitrous  cretinism  is  endemic,  found  not  a  few 
cases  of  chondrodystrophic  dwarfism  without  the  gross 
signs  of  cretinism.  It  would  seem,  so  far  as  we  can 
judge  from  so  limited  a  number  of  observations,  that 
the  cretinoid  type  of  chondrodystrophia,  as  described, 
is  simply  a  form  of  cretinism,  or  at  least  due  to  thyroid 
inadequacy.    If  this  be  the  case,  it  then  follows  that 


Kaufmann's  chondrodystrophia  foetalis  is  probably  not 
a  distinct  disease  entity,  but  that  several  differing  con- 
ditions are  included  under  the  one  name.  Some  stress 
has  been  laid  on  the  peculiar  retraction  of  the  root  of 
the  nose,  which  Is  so  evident  a  feature  in  typical  cre- 
tinism, as  an  aid  in  the  diagnosis  of  these  conditions.  It 
should  be  said  that  this  feature  is  not  always  present 
in  undoubted  cretinism  and,  moreover,  the  explanation 
given  of  it,  namely,  that  it  is  due  to  premature  synosto- 
sis of  the  OS  tribasila»e,  does  not  invariably  hold  good. 
Some  of  Kaufmann's  cases  show  that  retraction  of  the 
root  of  the  nose  may  be  present  without  premature  ossi- 
fication of  the  OS  tribasilare.  In  these  exceptions  he 
attributes  the  appearance  to  shortening  of  the  bony  parts 
in  front  of  the  os.  Conversely,  the  synostosis  may  take 
place  without  producing  any  effect  on  the  condition  of 
the  nose.  Consequently  too  much  weight  should  not  be 
laid  on  this  point. 

It  would,  perhaps,  be  also  premature  to  conclude  that 
the  other  forms  of  chondrodystrophia  may  not  be  depend- 
ent on  thyroid  dystrophy.  It  is  true  that  Cestan,  Marie, 
and  Christopher  have  failed  to  get  benefit  from  thyroid 
feeding  in  chondrodystrophia.  As  the  disease,  however, 
originates  during  intra-uterine  life,  by  the  time  the  cases 
come  to  observation  the  main  damage  has  been  done,  and 
it  is  not  to  be  expected  that  any  form  of  medication  would 
have  a  marked  effect  on  bony  structures  once  they  were 
formed.  The  only  possible  chance  would  be  if  the  cases 
could  be  treated  from  birth ;  but,  so  far  as  I  am  aware, 
this  has  not  been  done.  This  fact  weakens  the  therapeutic 
argument  very  much.  Further,  it  does  not  follow  that 
because  the  thyroid  is  of  normal  size  and  appearance  that 
it  is  competent  to  perform  its  function.  While  an  abso- 
lute deficiency  in  the  amount  of  secretion  furnished  by 
the  thyroid  will  undoubtedly  produce  the  symptoms  that 
constitute  cretinism  or  myxoedema,  it  is  quite  possible 
that  a  relative  inadequacy  will  produce  the  same  symp- 
toms. This  aspect  of  the  case,  which  has  been  empha- 
sized by  Prof.  J.  G.  Adami  ("  Internal  Secretions  Con- 
sidered in  their  Physiological,  Pathological,  and  Clinical 
Aspects,"  Trans.  Congr.  Amer.  Phys.  and  Surg.,  vol.  iv., 
1897)  has  been  constantly  overlooked  by  writers  on  the 
subject.  The  doctrine  of  internal  secretions  supposes 
the  existence  of  some  substance,  the  product  of  metabol- 
ism, for  the  secretion  to  act  upon.  The  thyroid,  there- 
fore, may  be  normal,  but  if  the  substance  upon  which  it 
acts  is  produced  in  excess,  then  the  gland  will  be  insuf- 
ficient for  its  work,  and  the  various  symptoms  of  athy- 
roidea may  make  their  appearance.  In  some  few  in- 
stances in  which  the  hypophysis  has  been  invaded  by  a 
tumor,  symptoms  of  myxoedema  have  occurred  with  an 
intact  thyroid,  the  thyroid  and  the  hypophysis  being,  as 
is  now  well  recognized,  more  or  less  complementary  or- 
gans. Relative  inadequacy  of  the  thyroid — and,  mutatis 
mtit(i7idts,  the  same  remark  applies  to  the  hypophysis 
and  other  glands  furnishing  an  internal  secretion — is  a 
factor  that  can  by  no  means  be  neglected  in  these  obscure 
disorders  of  development.  Until,  however,  we  know 
much  more  about  the  nature,  chemical  and  otherwise,  of 
metabolic  processes,  we  must  leave  such  questions  to  the 
realm  of  speculation. 

In  concluding,  we  should  not  forget  to  say  a  word  or 
two  in  regard  to  the  relationship  between  anomalies  in 
structure  and  function  of  the  genital  tract  and  the  gen- 
eral question  of  somatic  development.  It  is  a  matter  of 
common  knowledge  that  the  changes  in  the  genital  or- 
gans which  occur  at  puberty  are  coincident  with  an  in- 
creased nutritional  and  functional  activity  of  the  body 
as  a  whole,  as  is  evidenced  by  the  rapid  growth,  the  con- 
solidation of  the  figure,  the  production  of  hair,  the 
deposit  of  fat,  the  changes  in  the  voice,  and  the  altered 
mental  characteristics,  all  of  which  together  constitute 
the  adult  type.  Certain  isolated  facts  bring  this  relation- 
ship into  still  greater  prominence.  Getiital  hypoplasia, 
with  its  associated  sexual  torpidity,  amenorrhoea,  and 
even  sterility,  has  been  found  in  certain  dwarfs,  in  myx- 
oedema and  cretinism,  in  acromegaly,  and  in  some  'forms 
of  gigantism.    This  would  suggest  that  there  is  some 
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functional  relationship  between  the  thyroid  gland,  the 
pituitary  body,  and  the  genital  organs.     The  almost  'con- 
stant genital  insutflciency  found  in  conditions  of  athy- 
roidea  is  so  well  recognized  that  I  need  not  do  more  than 
mention  it.     That  a  similar  peculiarity  may  he  associated 
with  lesions  of  the  pituitary  body  is  perhaps  not  so  wide- 
ly known.     Some  years  ago  I  performed  an  autopsy  on  a 
female  about  thirty  years  of  age,  who  died  with  symp- 
toms of  a  basal  tumor  of  the  brain.     The  genitalia  were 
markedly  infantile  in  size  and  appearance.     A  tumor  of 
the  hypophysis  was  found,  although  there  were  no  signs 
of  acromegaly.     A  similar  case  is  one  reported  by  I5abin- 
ski  (Society  of  Neurology,  June   7th,  1900).  who 
found  signs  of  infantilism,  viz. ,  lack  of  body  hair, 
amenorrhoea,  an  excess  of  fat,  in  a  girl  of  sev 
enteen,  but  without  acromegaly,  who  post  mor- 
tem exhibited  a  tumor  of  the  pituitary.     An- 
alogous peculiarities  have  been  found  in  the      ■  Tnvnnm 
male  in  such  cases.     While  it  is  true  that        '  iHYKom 
children  the  subjects  of  atrophy  of  the 
genitals  are  often  small,  instances  of  the 
reverse  are  not  unknown.    Eunuchs  are 
often   of  more  than  normal    height. 
The  increase  in  length  is  most  mani- 
fest in  the  lower  limbs,  a  peculiarity 
that  is  to  be  observed  also  in  the 
capon,  or  castmted  chicken,  and 
in   the  ox.     The   relationships 
suggested  by  the  above  obser- 
vations   might    be    depicted 
graphically  in  the  diagram 
(Fig.  5138). 

It  is  in  view  of  these 
facts  that  Freund,  Klebs, 

and   Verstraeten,  have  /  #       n^,^^ 

advanced   the   theory  /  f       Osteogenesis 

that  anomalous  evo-  /  I     general  somatic 


lution  of  the  geni 
tal  function  is  at 
the  bottom  of  de- 
velopmental 
dystrophy.    If 
genital    evo 
lution  be  in 
excess,    gi- 
gantism or 
acromegaly 
will  occur; 
if  defec- 
tive, infan- 
tilism   or 
d  warii  sm 

results.  It  seems  to  me,  however,  that  this  is  much 
too  strong  an  assertion,  and  one  that  is  not  supported 
by  the  facts,  as  we  know  them.  Such  a  theory  sup- 
poses the  existence  of  an  internal  secretion  in  the  case 
of  the  genital  organs,  to  wit,  the  testes  and  ovaries, 
the  evidence  for  which  is  not  beyond  question.  Fur- 
ther, the  association  between  genital  anomalies  and  de- 
velopmental peculiarities  is  not  necessarily  direct,  as 
cause  and  effect,  but  may  be  indirect  through  some 
third  factor.  We  have  experimental  evidence  to  show 
that  defect  of  the  thyroid  will  produce  hypoplasia  of  the 
genitalia,  but  not  the  converse,  and  in  this  case  as  a  mat- 
ter of  fact  genital  hypoplasia  is  simply  part  and  parcel  of 
a  systemic  developmental  defect.  In  the  case  of  the 
pituitary  evidence  is  scanty,  inasmuch  as  experimenta- 
tion, except  in  the  single  particular  of  pituitary  feed- 
ing, is  extremely  difficult.  The  evidence,  so  far  as  I  can 
gather  it  from  autopsies,  seems  to  favor  the  view  that 
certain  lesions  of  the  pituitary,  provided  they  arise  early 
enough,  may  prevent  the  proper  development  of  the 
genital  organs.  There  is  absolutely  no  evidence  to  prove 
that  hypoplasia  or  any  other  pathological  condition  of  the 
genitalia  has  produced  disease  of  the  pituitary.  Could  it 
do  so,  one  would  suppose  that,  considering  the  very  re- 
spectable number  of  cases  of  aplasia  and  hypoplasia  of 
the  genital  organs  that  have  been  described,  some  abnor- 


mality of  the  pituitary  body  would  occasionally  have 
been  noted.     This  is,  however,  not  the  case.     It  would 
seem  more  probable  that  genital  hypoplasia,  if  not  indeed 
always  an  effect,  is  an  associated  condition  merely.     In 
regard  to  the  factors  at  work  in  this  very  interesting  but 
obscure  condition  of  anomalous  development,  the  sum 
and  substance  of  the  whole  matter  is  that  our  views  can- 
not attain  finality  until  we  know  much  more  of  the  chem- 
istry of  the  internal  secretions  and  of  jnetabolic  processes 
generally.     Hitherto  the  anatomical  peculiarities  and  the 
pathological    chemistry   of    the  thyroid  and  pituitary 
glands  in  cases  of  dwarfism  and  giantism  have  not  been 
sufficiently  studied.     Nevertheless,   I   think   that 
after  due  consideration  of  the  facts  brought  out 
in  our  study  of  dwarfism,  we  may  be  able  to 
draw  certain  conclusions  with  a  fair  degree  of 
probability. 

1.  That  there  are  two  main  types  of  dwar- 
fism, essential    dwarfism   and    symptomatic 
dwarfism,   which  etiologically   belong   ta 
two  distinct  categories. 

3.  The  former  are  to  be  attribut-ed 
to  peculiarities  inherent  in  the  germ 
cells  or  acquired  shortly  after  seg- 
mentation of  the  fertilized  ovum,, 
the  exact  nature  of  which  at  pres- 
ent remains  obscure,    or  to    ac- 
quired   intra  -  uterine    disturb- 
ances.    The    latter    are    due, 
not  only  to  the  causes  just 
mentioned,  but  also  to  ac- 
quired disease.      In    true 
dwarfism    the   defect  of 
development  is  in  time 
and  extent;   in  symp- 
tomatic dwarfism  the 
manner  of  growth  is 
perverted  as  well. 
3.  There    is    a 
close  association 
between     such 
conditions   as 
"foetal  rick- 
ets, "cretin- 
ism,   osteo- 
psathyrosis, 
osteoporo- 
sis, osteo- 
genesis im- 
perfecta. 

4.    Foetal 
rickets    so 
called  has  nothing  to  do  with  rickets  as  it  is  ordinarily 
understood. 

5.  The  term  elwndrodystroplda  fmtalis  is  a  misnomer, 
inasmuch  as  it  implies  a  local  lesion,  and,  moreover,  at- 
tributes it  to  a  nutritive  cause,  whereas  not  only  the  car- 
tilage but  the  bone  and  soft  tissues  are  involved.  Vir- 
chow  is  probably  correct  in  regarding  it  rather  as  a 
developmental  anomaly. 

6.  The  three  types,  chondrodystrophia  hyperplastica, 
chondrodystrophia  hypoplastica,  and  chondrodystrophia 
malacica,  are  probably  not  varieties  of  the  same  disease. 

7.  Chondrodystrophia  of  Kaufmann's  first  or  cretinoid 
type  is  probably  a  modified  cretinism. 

Albert  Oeorge  Nicliolls. 

EMBALMING.— This  article  is  intended  to  furnish  use- 
ful information  to  the  medical  practitioner  who  may  be 
called  upon  to  preserve  a  dead  body  for  a  limited  period 
of  time.  This  duty  can  occur  only  when  it  is  not  pos- 
sible to  secure  the  services  of  the  professional  embalmer. 

When  the  object  in  view  is  simply  to  keep  the  dead 
human  body  from  undergoing  decomposition  for  a  few 
days,  there  are  a  number  of  methods  from  which  the 
physician  may  make  a  choice.  Thus,  for  example,  when 
it  is  possible  to  obtain  ice  in  plenty  and  the  services  of  a 
person  who  can  be  trusted  to  renew  the  supply  as  fre- 
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quently  as  may  seem  desirable,  this  method  of  prevent- 
ing or  at  least  postponing  decomposition  is  probably  as 
good  as  any  other  that  can  be  suggested.  But  it  is  often 
impossible  to  obtain  ice  in  the  desired  quantity,  or  the 
period  of  time  during  which  the  dead  body  must  be  pre- 
served is  longer  than  is  compatible  with  the  employment 
of  this  method.  Under  these  circumstances  it  becomes 
necessary  to  fall  back  upon  some  other  procedure,  one, 
for  example,  which  depends  for  its  etflcacy  upon  the 
employment  of  chemical  reagents.  Among  the  large 
number  of  such  procedures  the  physician  may  be  com- 
pelled, by  reason  of  the  circumstances  in  which  he  hap- 
pens to  be  placed,  to  select  one  of  the  simpler  and  less 
efficacious  methods.  I  will  therefore  mention  a  few  of 
these  first,  reserving  to  the  last  an  account  of  the  steps 
which  one  must  take  if  it  be  desired  to  preserve  the  dead 
body  in  good  condition  for  a  reasonably  long  period  of 
time— for  months  or  even  years.  It  is  only  to  such  a 
procedure  that  the  term  embalming  may  with  propriety 
be  applied. 

Methods  Suited  to  the  Preservation  of  a  Bead  Body  for  a 
Short  Period  of  Time.— (a)  Place  the  body,  without  open- 
ing it,  and  as  soon  as  possible  after  death,  in  sawdust 
mixed  with  powdered  zinc  sulphate.  The  skin,  it  must 
be  remembered,  has  a  tendency,  under  continued  expos- 
ure to  this  reagent,  to  assume  a  yellow  color. 

(6)  Open  and  clean  the  body  and  viscera,  and  keep  all 
the  parts  that  can  be  reached  saturated  with  a  corrosive 
sublimate  solution  (1  in  1,000)  or  a  formalin  mixture  (of  a 
strength  of  from  five  to  ten  per  cent.).  Cloths  saturated 
with  the  same  fluid  should  be  wrapped  around  the  body, 
and  enough  of  the  preservative  should  be  added  from 
time  to  time  to  keep  the  cloths  constantly  moist. 

(c)  Open  a  femoral  artery  at  the  apex  of  Scarpa's  tri- 
angle and  inject  a  solution  of  arsenous  acid  (eight  drachms 
in  9  kgm.  of  alcohol;  cinnabar,  q.  s.).  Then  open  the 
abdominal  cavity,  wash  out  the  cavities  of  the  stomach, 
bladder,  and  intestines,  and  inject  the  preservative  solu- 
tion into  them  freely. 

(d)  Camphor  dissolved  in  alcohol,  in  the  proportion  of 
1  part  of  the  former  to  6  of  the  latter,  can  be  used  effec- 
tively as  a  preservative  fluid.  Another  mixture  is  the 
following:  Oil  of  turpentine,  5  pints;  Venice  turpentine, 
1  pint;  oil  of  lavender,  3  ounces;  oil  of  rosemary,  3 
ounces;  vermilion,  q.  s. 

Another  mixture,  which  has  been  used  with  some 
measure  of  success  in  England,  is  the  following: — To 
one  pint  and  a  half  of  glycerin  add  three  quarters  of  a 
pound  of  white  arsenic  (arsenous  acid)  and  boil ;  after- 
ward add  one  gallon  of  pure  glycerin.  Still  another  use- 
ful mixture  is  one  composed  of  alcohol  and  glycerin  in 
equal  parts  (each  representing  forty-seven  and  a  half  per 
cent,  of  the  entire  bulk),  and  carbolic  acid  to  the  extent 
of  five  per  cent.  A  small  quantity  of  arsenic  (about  one 
per  cent.)  may,  if  desired,  be  added  to  the  mixture. 

All  of  the  ingredients  mentioned  in  the  preceding  para- 
graphs are,  as  a  rule,  easily  obtainable,  and  the  manipu- 
lations required  call  for  no  special  skill.  At  the  same 
time  it  must  be  remembered  that  these  procedures  can  at 
best  retard  decomposition  for  only  a  relatively  short  time. 
Thoroughly  satisfactory  results  can  be  obtained  only 
through  the  more  elaborate  and  painstaking  methods 
adopted  by  the  professional  embalmer. 

An   Effective  Method  of  Embalming.— M.\:    Frank  E 
Campbell,  of  341  West  Twenty-third  Street,  New  York 
City,   a  recognized  authority  in  embalming,  has  very 
kindly  allowed  the  use  of  the  following  description  of 
the  method  of  embalming  which  he  prefers: 

"  I.  Bathe  and  dress  (in  underclothing)  the  body  to  be 
embalmed,  and  place  it  upon  a  board  supported  in  an  in- 
clined position.  Close  the  mouth  and  eyes,  and  securely 
plug  all  orifices. 

"  II.  Place  within  easy  reach  all  the  instruments  and 
various  objects  that  will  be  needed,  viz.,  scalpel,  aneu- 
rism needle,  blunt  hook,  scissors,  arterial  tube,  live  six- 
inch  lengths  of  linen  thread  for  tying  about  the  vein  and 
artery  when  raised,  a  threaded  needle  suitable  for  sewing 
up  incisions,  a  bulb  syringe,  a  large  bottle  filled  with  the 
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embalming  fluid,  a  sponge,  a  supply  of  cotton,  etc. 
Sink  the  suction  end  of  the  tubing  of  the  bulb  syringe 
into  the  embalming  fluid  contained  in  the  bottle  and 
squeeze  the  bulb  several  times  in  order  both  to  fill  it  with 
the  fluid  and  to  force  out  the  air  which  it  contains. 
When  these  objects  have  been  accomplished  the  dis- 
charge end  of  the  syringe  should  also  be  introduced  into 
the  bottle,  in  order  that  no  leaking  may  take  place. 

"  III.  Connect  the  aspirating  pump,  by  means  of  tub- 
ing and  a  gooseneck,  with  an  empty  aspirating  bottle 
suitable  for  holding  the  blood  to  be  withdrawn  from  the 
body.  Then  attach  to  the  free  end  of  the  tubing  a  long 
silk-covered  vein  tube,  or,  better  still,  a  flexible  wire 
catheter. 

"  IV.  Expose  the  femoral  vessels  in  Scarpa's  triangle 
over  an  area  two  or  three  inches  in  length  and  dissect 
them  clean.  Then,  with  one  of  the  lengths  of  thread  al- 
ready prepared,  tie  the  artery  at  the  lowest  possible  point 
with  a  firm  knot,  for  the  injection  is  to  be  made  only  in 
an  upward  direction. 

"V.  Next,  pick  up  the  vein  and  treat  it  in  the  same 
manner  as  the  artery,  remembering,  however,  that  the 
structure  of  the  vein  is  fragile  and  that  it  may  easily  be 
punctured  or  torn.  Make  a  slit,  about  a  quarter  of  an 
inch  long,  lengthwise  in  the  vein.  As  blood  will  escape 
from  the  vessel  when  it  is  thus  opened,  it  is  well  to  pre- 
vent this  by  making  pressure  upon  the  vein  with  the 
finger  or  with  a  blunt  hook.  Insert  the  vein  tube  into 
the  opening  in  the  vein  and  push  it  upward  to  or  near 
the  right  auricle  of  the  heart.  Pass  a  piece  of  the  thread 
snugly,  but  not  too  tightly,  around  both  vein  and  tube, 
and  tie  it  with  a  simple  knot.  Attach  the  tubing  of  the 
aspirating  pump  and  begin  to  pump  the  air  from  the 
bottle.  When  the  air  has  been  withdrawn  from  the  bot- 
tle, the  vacuum  will  draw  the  blood  from  the  body  by 
way  of  the  vein  tube.  If  no  blood  flows  into  the  bottle 
after  the  air  is  pumped  out,  it  may  be  assumed  that  a 
clot  of  blood  has  probably  entered  the  free  end  of  the 
tube  in  the  vein,  or  else  that  there  was  no  blood  at  the 
point  where  the  end  of  the  tube  rested.  Draw  the  tube 
slowly  downward,  and,  if  there  is  still  no  flow  of  blood, 
push  the  tube  as  far  back  into  the  vein  as  it  will  go, 
detach  the  r\ibber  tubing  from  it,  and,  by  means  of  the 
bulb  syringe,  inject  a  bulbful  of  aqua  ammoniae,  for  the 
purpose  of  dissolving  the  clotted  blood.  After  this  has 
been  done,  resume  the  operation  of  aspirating.  When 
all  the  blood  that  can  possibly  be  removed  in  this  man- 
ner has  been  aspirated,  withdraw  the  tube  for  about  one- 
third  its  length,  and  let  it  remain  in  the  vein.  (Always 
keep  a  vacuum  in  the  bottle.) 

"  VI.  Next,  pick  up  the  artery,  slit  it,  and  insert  the 
arterial  tube  with  care.  Then  pass  the  remaining  piece 
of  thread  around  it  as  far  up  as  you  can,  and  tie  it  with 
a  simple  knot.  Attach  the  bulb  syringe  (previously 
made  ready)  to  the  tube  and  begin  the  injection  slowly. 
When  about  one-third  of  a  quart  of  the  preservative 
fluid  has  been  injected,  stop  and  begin  once  more  to 
aspirate  the  vein,  for  by  this  time  the  fluid  injected  into 
the  artery  is  forcing  the  blood  ahead  of  it,  and  the  blood 
will  flow  again  more  freely. 

"  VII.  Administer  the  injections  and  the  aspirations  in 
alternation  until  a  quantity  of  the  preservative  fluid 
varying  from  three  pints  to  five  or  six  pints,  according 
to  the  size  of  the  body,  shall  have  been  injected,  and  also 
until  a  clear  fluid,  and  not  a  bloody  one,  escapes  from 
the  vein  tube  as  a  result  of  the  aspiration.  Any  discol- 
orations  of  the  face,  ears,  or  neck,  will  probably  by  this 
time  have  disappeared.  If  it  should  be  found,  however, 
that  a  slight  discoloration'  still  remains  in  the  lower  part 
of  the  ears,  or  in  the  neck,  a  slight  rubbing  will  in  most 
cases  remove  it. 

"  VIII.  Aftev  it  is  seen  that  only  clear  fluid  flows  into 
the  blood  bottle,  draw  out  the  vein  tube  and  tie  the  vein 
tightly. 

"IX.  Continue  the  injection  of  fluid  into  the  artery 
until  the  veins  of  the  temple,  the  large  vein  on  the  fore- 
head, and  the  jugular  vein,  as  well  as  the  veins  in  the 
arms  and  hands,  indicate  that  they  are  filled.    Then  re- 
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move  the  arterial  tube  and  tie  the  artery  tightly  with 
the  same  thread  that  held  the  tube  in  place.  Pack  the 
wound  well  with  moist  'lintine,'  and  sew  up  the  incis- 
ion with  the  '  baseball '  stitch,  drawing  the  edges  snugly 
together. 

"The  arterial  work  is  now  completed. 

"  X.  For  successful  work  on  the  cavities  of  the.body 
there  will  be  needed  a  twelve-inch  trocar,  an  instrument 
that  will  reach  every  point  where  it  is  desirable  to  apply 
the  preservative  fluid.  At  the  same  time  it  must  be  re- 
membered that  much  damage  can  be  done  with  a  trocar 
of  these  proportions  if  it  be  not  used  with  care.  It  is 
therefore  important  to  avoid  injuring  the  trunks  of  arte- 
ries and  veins,  and  the  various  organs. 

"  Insert  the  trocar  just  far  enough  to  penetrate  the  ab- 
dominal wall,  and  connect  it  with  the  aspirating  pump. 
Draw  the  gases  and  liquids  through  it  into  the  empty 
bottles.  Through  his  knowledge  of  the  anatomical  rela- 
tions of  the  diiferent  organs  the  physician  should  be  able, 
without  removing  the  trocar  from  the  opening  in  the 
abdominal  wall,  to  carry  out  successfully  the  following 
procedures :  He  should  puncture  the  stomach  and  draw 
from  it  all  the  gases  and  liquid  contents,  and  then,  after 
he  has  accomplished  this,  and  without  removing  the 
trocar,  he  should  inject  two  bulbfuls  of  the  embalming 
fluid  into  the  cavity  of  this  organ.  The  aspirator  should 
then  be  re-attached  to  the  trocar  and  the  latter  should  be 
made  to  pierce  the  intestines,  both  the  large  and  the 
small.  In  this  way  it  will  be  possible  to  remove  any 
gases  or  fluids  which  these  organs  may  contain.  The 
bladder  should  be  treated  in  the  same  manner.  Never 
puncture  the  liver,  as  it  cannot  be  aspirated  or  injected, 
and  the  original  arterial  injection  may  be  trusted  to  pre- 
serve it  from  decomposition.  As  a  final  step  connect  the 
trocar  with  the  syringe  and  copiously  flood  the  intestines 
with  the  preservative  fluid. 

"  Where  death  occurs  from  pulmonary  tuberculosis  or 
from  pneumonia,  turn  the  point  of  the  trocar  upward 
toward  the  lungs  and  cause  it  to  penetrate  into  the  tho- 
racic cavity  as  far  as  it  will  reach.  Aspirate  first  from 
one  pleural  cavity — for  example,  the  right — and  then 
from  the  other ;  care  being  taken,  after  the  aspiration  of 
the  first  pleural  cavity,  to  withdraw  the  trocar  well  into 
the  abdominal  cavity  before  the  attempt  is  made  to  push 
it  on  into  the  second.  When  both  pleural  cavities  have 
been  thoroughly  aspirated,  flood  each  of  them  with  em- 
balming fluid  in  a  cautious  manner  and  then  withdraw 
the  trocar  altogether. 

"  With  needle  and  thread  close  the  opening  in  the  ab- 
domen by  means  of  a  drawstring  suture.  Pack  the  nose 
with  lintine  thoroughly  moistened  with  embalming  fluid, 
and  pack  the  rectum  and  vagina  in  the  same  manner. 
The  embalming  will  then  be  completed." 

While  Mr.  Campbell  does  not  state  which  particular 
preservative  mixture  he  considers  the  best,  it  is  fair  to 
assume  that  sufficiently  good  results  may  be  obtained  by 
the  employment  of  any  one  of  the  half-dozen  or  more 
standard  embalming  fluids  which  are  offered  for  sale  in 
the  shops.  William  Boliier  Bryant. 

EMPHYSEMA,  SUBCUTANEOUS.— By  this  term,  or 
pneumatosis,  is  meant  the  presence  of  air  or  other  gaseous 
compounds  beneath  the  skin. 

The  resultant  symptoms  are  these :  a  sweUing  covered 
with  skin  of  either  normal  appearance  or,  if  the  pressure 
upon  it  be  great,  rather  pale ;  this  tumor  pits  upon  press- 
ure, as  in  the  case  of  anasarca,  but  the  pitting  more 
quickly  disappears  when  the  swelling  is  due  to  the  pres- 
ence of  air.  Palpation  causes  a  peculiar  crackling  or 
crepitation  in  the  subcutaneous  tissues.  If  the  air  have 
entered  from  without,  a  wound  or  puncture  can  generally 
be  discovered;  if  from  within,  expiratory  efforts  with 
closed  lips  and  nostrils  will  generally  produce  immediate 
increase  in  size.  It  is  possible  for  the  whole  subcutane- 
ous tissue  to  become  inflated  from  any  superficial  part  of 
the  body  as  a  starting-point. 

In  case  the  emphysema  is  that  of  decomposition,  there 
may  be  an  altered  hue  of  the  integument ;  but  the  dis- 


coloration, of  course,  is  entirely  independent  of  the  em- 
physema. 

Subcutaneous  emphysema  may  result  from  causes 
either  traumatic  or  pathological.  Among  instances  of 
the  latter  may  be  mentioned  ulcers  or  abscesses  com- 
municating with  the  air  passages,  and,  as  already  sug- 
gested, gangrene. 

We  may  include  in  the  discussion  of  this  subject  em- 
physema of  other  parts  external  to  the  lungs,  such  as 
mediastinal  and  submucous  collections  of  air. 

In  the  liead,^  orbital  emphysema  sometimes  follows  a 
blow  of  sufficient  violence  to  break  one  of  the  thin  and 
fragile  bones  of  the  inner  wall  of  the  orbit — the  lachry- 
mal or  the  orbital  plate  of  the  ethmoid.  If,  soon  there- 
after, the  patient  blows  his  jose,  the  compressed  air  finds 
a  ready  exit  from  the  nose  into  the  orbit,  and  distends  the 
lids. 

Eustaeldan  emphysema :  here  an  ulcer  of  the  tube,  or 
a  rupture  following  awkward  Eustachian  catheterization, 
lias  led  to  distention  and  approximation  of  the  pharyn- 
geal walls  by  the  dissecting  air.  Blowing  the  nose  and 
the  Valsalvian  experiment  increase  the  emphysema  in 
these  cases.  Von  Troltsch '  mentions  a  case,  within  his 
own  experience,  in  which  dysphagia  consequent  upon 
such  emphysema  persisted  for  five  days. 

In  the  neck  we  may  have  escape  of  air  as  a  result  of 
foreign  bodies,  ulcers,  or  abscesses  perforating  the  oesoph- 
ageal, laryngeal,  or  tracheal  wall ;  but  emphysema  will 
not  be  produced  if,  as  a  result  of  the  perforation,  a 
broncho-oesophageal  fistula  be  established. 

Ulcers  of  the  lai'ynx  or  trachea  may  lead  to  submucous 
dissection  by  air.  Wounds  of  the  neck  penetrating  these 
parts  may  be  followed  by  subcutaneous  emphysema  if 
there  is  not  free  escape  for  the  expired  air.  Under  these 
circumstances  inflation  of  the  skin  has  been  known  to 
occur  over  an  area  extending  from  the  head  to  the  scro- 
tum.' 

As  a  rule,  the  consequences  are  not  serious;  but 
Holmes '  quotes  Hilton  as  stating  that  emphysema  about 
the  phrenic  nerves  may  so  interfere  with  their  functional 
integrity  as  to  cause  death. 

During  tracheotomy,  and  afterward  if  much  inspiratory 
difficulty  be  present,  Champneys*  finds  that  anterior 
mediastinal  emphysema,  and  even  pneumothorax,  are 
liable  to  occur ;  and  this  is  especially  so  if  artificial  respi- 
ration by  Schultze's  method  be  employed. 

In  the  chest  we  may  have  the  surgical  symptom  in 
question  produced  in  several  ways.  Pathologically,  as 
by  the  opening  of  a  vomica  or  abscess  of  the  lung  into 
the  parietes  of  the  chest,  the  two  pleural  surfaces  being 
adherent  at  the  point  where  the  abscess  perforates.  (If 
the  i^arts  were  not  adherent  at  this  point,  there  would, 
of  course,  simply  be  a  peumo-  or  a  pyopneumothorax.) 
Emphysema  sometimes  complicates  wounds  of  the  chest- 
wall,  both  the  penetrating  and  the  non-penetrating  va- 
rieties. In  the  latter  instance,  the  air  which  enters  the 
wound  from  without  during  one  movement  of  respiration 
is  prevented  in  a  valvular  way  from  escaping  during  the 
opposed  movement,  and  is  disseminated  by  the  muscular 
and  tegumentary  pressure  upon  it  during  this  movement. 
In  the  case  of  wounds  penetrating  the  parietal  pleura  only, 
we  may,  besides  the  consequent  pneumothorax,  have  a 
subcutaneous  emphysema  from  the  same  reason. 

Wounds  that  penetrate  the  lung,  and  a  puncture  of 
the  lung  by  a  fractured  rib,  are  alike  liable  to  produce 
emphysema,  air  escaping  from  the  lung  with  the  same 
result  as  in  the  case  last  given. 

An  additional  and  rare  variety  of  traumatic  emphysema 
of  thoracic  origin  is  tliat  consequent  upon  rupture  of  air 
cells  \>y  violent  expiratory  efforts,  with  a  closed  or  par- 
tially closed  glottis,  as  while  coughing,  straining,  or 
blowing  a  wind  instrument.  Here  the  air  makes  its  way 
between  the  lobules,  and,  unless  it  ruptures  the  pleura, 
producing  pneumothorax,  it  escapes  at  the  root  of  the 
lung  into  the  mediastina,  and  thence  into  the  cellular  tis- 
sue of  the  neck,  becoming  subcutaneous. 

Guttman*  says;  "Most  of  the  cases  of  this  variety  of 
emphysema  are  observed  in  connection  with  croup,  diph- 
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theritis  of  the  larynx,  whooping-cough,  and  bronchitis 
in  children,  and  with  advanceil  pulmonary  emphysema  in 
the  aged."  ...  .    t 

In  1884  I  met  with  the  only  case  which,  as  yet,  1 
have  found  complicating  whooping-cough.  The  patient, 
a  child  of  two  years,  had  been  suffering  for  about  three 
weeks,  the  parents  said,  from  violent  fits  of  coughmg.^^  I 
was  called  to  treat  the  sudden  appearance  of  dropsy  m 
the  case.  I  found  the  skin  of  the  head,  neck,  and  chest 
distended,  crepitation  everywhere  well  marked,  and  no 
dropsy.  Whenever  the  child  coughed  the  swelling  in- 
creased in  size  suddenly,  apparently  causing  distention 
first  in  the  left  supraclavicular  region.  The  respiration 
was  rapid,  but  seemingly  free;  the  pulse  rapid  and 
feeble.  The  child  died  within  a  few  hours.  Unfortu- 
nately, no  autopsy  was  allowed. 

In  the  abdomen  we  may  have  subcutaneous  emphysema 
from  ulcerative  perforation  of  the  stomach'  or  intestine 
at  a  point  previously  adherent  to  the  abdominal  wall. 
Unless  such  adhesions  prevent  it,  gas  will  escape  from 
the  viscera  into  the  peritoneal  cavity. 

Treatment.— As  a  rule,  air  beneath  the  skin  is  of 
slight  consequence  and  requires  no  treatment,  becoming 
absorbed  after  a  time.  If,  however,  important  parts— as 
the  phrenic  nerves,  or  the  larynx,  trachea,  etc. — are  sub- 
jected to  a  degree  of  pressure  injurious  to  respiration,  or 
if  the  subcutaneous  air  is  spreading  further  and  further, 
we  may  employ  pressure  at  the  point  of  escape,  or  may 
make  incisions  through  the  skin  to  give  relief  to  tension, 
or  both. 

Subcutaneous  emphysema  possesses  an  interest  for  us 
outside  of  its  pathological  or  accidental  causation.  It 
has  often  been  induced  intentionally  by  the  malingerer; 
and,  moreover,  its  production  has  been  seriously  advo'- 
cated  by  Dr.  H.  R.  Sylvester « in  an  article  entitled  "  On 
Life-saving  from  Drowning,  by  Self -inflation."  Here  it 
is  recommended  that  those  in  peril  of  the  deep  shall  make 
a  small  puncture  or  cut  in  the  cheek,  leading  from  the 
mucous  membrane  about  opposite  the  lirst  molar  to — but 
not  through — the  superficial  fascia  and  skin;  and  then, 
closing  the  lips  tightly,  they  shall  proceed  to  blow  them- 
selves up,  until  the  skin  of  the  head,  neck,  and  chest  is 
distended.  Dr.  Sylvester  alleges  that  a  moderate  and 
quite  painless  and  harmless  inflation  is  ample  to  keep  one 
afloat  without  effort. 

It  seems  probable  that  Vidocq  refers  to  such  a  practice 
"when,  in  his  memoirs — as  mentioned  by  Gavin,' — he  as- 
serts that  he  could  make  his  head  swell  like  a  bushel, 
without  giving  pain,  and  that  he  could  remove  all'traces 
of  it  by  the  day  following. 

In  order  to  test  the  degree  of  pain,  and  the  subjective 
effects  of  such  distention  upon  the  skin,  I  some  time  ago 
performed  the  following  experiment,  assisted  by  my 
friend  Dr.  P.  A.  Manning :  Having  connected,  by  a  piece 
of  rubber  tubing,  a  hypodermic  needle  with  my  com- 
pressed-air receiver,  I  "forced  air  beneath  the  skin  of  my 
left  forearm  until  the  limb  was  much ,  increased  in  size, 
the  skin  tense,  and  emphysematous  crepitation  could  be 
felt  from  wrist  to  armpit.  The  pain  was  very  trifling  in 
amount.  Tlie  distended  skin  was  somewhat  ansesthetic ; 
whereas  before  tlie  injection  I  could  distinguish  sepa- 
rate points  on  the  anterior  surface  at  an  average  dis- 
tance of  4  mm.,  immediately  thereafter  I  could  name 
them  only  when  they  were  10-15  mm.  apart.  Still, 
pinching  and  pricking  were  distinctly  painful.  The 
emphysema  thus  induced  was  slow  in  disappearing.  It 
was  still  somewhat  noticeable  on  the  third  day  after  the 
experiment. 

As  regards  the  production  of  emphysema  upon  the  hu- 
man subject  with  intent  to  deceive,  it  has  been  employed 
to  simulate  hernia,  hydrocele,  hydrocephalus,  ascites, 
etc.  Gavin  (op.  cit.,  p.  389)  says.  "It  is  a  tiick  used 
every  day  by  butchers,  and  lias  been  known  from  time 
immemorial  by  the  Etliiopians  and  mendicants  of  Abys- 
sinia." Becks  quotes  Sauvage's  "Nosology  "  regarding 
a  mendicant  who  "  gave  his  child  all  the  appearances  of 
hydrocephalus  by  blowing  air  under  the  tegument  of  the 
head  near  the  vertex."     He  also  cites  a  case  of  emphy- 
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sema  of  the  abdominal  parietes,  induced  by  a  woman  who 
wished  to  feign  dropsy. 

Sir  George  Balllngall '  declares  that  the  artificial  pro- 
duction of  this  for  the  simulation  of  other  diseases  is  regu- 
lated by  a  recipe  current  in  the  British  army. 

The  differential  diagnosis  of  the  tumors  so  caused  pre- 
sents no  difficulty.  Boiert  B.  M.  Dawbarn. 

'  Treatise  on  tie  Diseases  of  tlie  Ear. 

2  Plales  du  larynx,  de  la  trachee,  etc.,  par  le  Dr.  Paul  Heurteloup, 
Paris,  pp.  5»-77.  =  Surgery,  vol.  ii. 

■>  Med.  Chir.  Transactions,  1883,  p.  75  et  seq. 
=  Handbook  of  Pliysical  Diagnosis,  p.  27. 
»  London  Lancet,  January  3d,  1885,  and  August  29tli,  1895. 
'  Gavin  on  Feigned  Diseases. 
8  Medical  Jurisprudence,  vol.  i.,  p.  74.       »  Military  Surgery,  p.  584. 

ENTEROPTOSIS. — (Synonyms:      Glenard's    Disease, 

Splanchnoptosis  [Stiller].) 

Introductort  and  Historical. — Anomalous  down- 
ward displacements  of  the  abdominal  viscera  were  de- 
scribed by  Virchow,  Leube,  and  others,  several  years  be- 
fore Glenard's  monograph  appeared.  In  this  article, 
which  was  published  in  1885,  Glenard  set  forth  his  views 
upon  enteroptosis  and  connected  therewith  certain  ner- 
vous phenomena  which  have  since  borne  the  name  of 
"Glenard's  disease."  Prominent  among  the  features  of 
this  symptom  complex,  which  Treves  is  pleased  to  call 
"that  medley  of  symptoms,"  are  downward  displace- 
ment of  the  stomach,  a  movable  right  kidney,  various 
digestive  disturbances,  and  often  very  typical  neuras- 
thenic symptoms. 

The  interest  thus  awakened  in  postural  anomalies  of 
abdominal  organs  by  Glenard's  article  is  as  keen  to-day 
as  it  was  eighteen  years  ago,  and  many  physicians  have 
verified  the  statement  of  that  author  which  he  made  with 
such  enthusiastic  earnestness  at  the  close  of  his  early 
monograph.  "I  can  afflrni,"  wrote  Glenard,  "that  the 
physician  who  will  follow  my  directions  and  strive  to 
verify  my  statements  in  such  cases  will  find  in  his  prac- 
tice the  satisfaction  which  a  positive  diagnosis  gives  to 
both  physician  and  patient,  from  which  alone  a  proper 
prognosis  can  be  made,  and  that  satisfaction,  the  gi-eatest 
of  all,  which  directs  the  treatment  and  avoids  for  the 
patient  the  trial  upon  him  of  so  many  remedies,  while  at 
the  same  time  it  secures  him  relief  and  prevents  the  phy- 
sician himself  from  falling  into  therapeutic  scepticism." 

The  investigations  made  by  the  French  were  rapidly 
followed  by  similar  work  among  the  German  clinicians, 
with  the  result  that  another  view  of  the  cause  of  the  dis- 
placements was  advanced.  Then  the  English  and  Amer- 
ican writers  contributed  articles  and  case  reports  upon 
the  subject,  dealing  with  the  nature  and  anatomy  as  well 
as  with  the  etiology  and  treatment  of  the  disease.  One 
cannot  close  this  introductory  historic  note  without  men- 
tioning the  fact  that  the  lectures  of  Arthur  Keith  on  the 
nature  and  anatomy  of  Glenard's  disease  comprise  one 
of  the  best  studies  upon  this  phase  of  the  question  yet 
published  and  will  be  duly  recognized  later  in  this  article. 

T/ie  application  of  the  term  Ent&i-optosis. — It  would  ap- 
pear that  Glenard's  original  article  included  a  description 
of  a  displacement  of  the  intestines  alone.  The  Germans 
broadened  the  application  of  the  term  and  made  it  to  in- 
clude, in  most  instances  at  least,  ptosis  of  all  the  abdom- 
inal viscera.  Schwerdt,  however,  pleaded  that  the  term 
was  applicable  when  at  least  two  of  these  organs  suffered 
downward  dislocation.  If,  on  the  other  hand,  one  would 
wish  to  be  specific,  the  organs  so  displaced  might  be 
specified  by  gastroptosis,  for  instance,  or  nerphroptom, 
and  so  on. 

Etiology.— The  study  of  visceral  ptosis,  from  the 
etiologic  standpoint,  has  provoked  a  variety  of  theories 
differing  so  Avidely  that  it  is  manifestly  impossible  to  find 
one  theory  broad  enough  to  explain  all  cases.  It  has 
been  urged  that  enteroptosis  is  a  congenital  anomaly 
(Stiller);  that  it  is  a  constitutional  ailment  (Schwerdt), 
a  general  atony  of  nervous  system  and  muscles ;  that  it 
is  the  result  of  wearing  corsets,  or  tight  waistbands  with 
heavy  skirts  (Meinert) ;  tliat  it  is  a  result  of  a  neurasthenia 
basis  (Charcot) ;  that  rapid  emaciation  or  a  severe  illness 
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may  account  for  it;  that  to  overlifting  or  frequent  preg- 
oancies  many  cases  may  be  traced ;  that  adhesions,  the 
result  of  peritoneal  inflammation,  may  pull  down  one 
organ  after  another  (Treves) ;  that  it  is  a  reversion  to  a 
foetal  or  an  embryonic  type  (Rosengart) ;  and  the  latest, 
and  by  no  means  the  least  ably  supported  theory,  is  that 
which  would  regard  enteroptosis  as  "  a  result  of  a  viti- 
ated method  of  respiration,"  and  assign  it  to  a  place 
among  respiratory  diseases  (Arthur  Keith). 

It  is  admitted,  we  believe,  that  there  are  several  fac- 
tors which  maintain  the  various  abdominal  organs  in 
position,  and  of  these  the  most  important  are:  (1)  The 
intra-abdominal  pressure,  and  (2)  the  ligamentous  at- 
tachments of  -the  viscera  to  the  body  walls.  These  two 
are  so  important  that  when  either  fails  ptosis  may  result. 
Hence  it  may  be  said  that  these  factors  are  those  by 
which  the  normal  postural  relations  of  the  viscera  are 
maintained.  It  is  not  difficult  then  to  believe  that  any 
cause,  or  number  of  causes,  which  lowers  the  intra- 
abdominal pressure  by  exhausting  the  muscular  tone,  or 
which  weakens  or  stretches  the  supporting  ligaments, 
would  readily  alter  the  relation  of  the  organs— especially 
of  the  heaviest  organs  or  of  those  with  weakest  supports 
— and  result  in  ptosis. 

Thus,  as  one  reviews  the  various  etlologic  factors  sug- 
gested above,  one  finds  most  of  them — perchance  all  of 
them — applicable  to  a  large  number  of  cases.  The  last 
theory  suggested,  however,  "enteroptosis  as  a  result  of 
a  vitiated  method  of  respiration, "  certainly  requires  some 
explanation.  When  Dr.  A.  Keith  remarks  that  enterop- 
tosis is  a  result  of  a  vitiated  method  of  respiration,  he 
means,  doubtless,  that  faulty  movements  of  the  dia- 
phragm, resulting  from  a  variety  of  causes,  determine 
visceral  ptosis,  and  that  whereas  under  normal  relations 
of  the  muscles  of  inspiration— the  diaphragm,  the  exter- 
nal intercostals,  and  the  interchondrals— to  the  muscles 
of  expiration,  and  chiefly  those  of  the  abdominal  walls, 
there  is  but  slight  downward  displacement  of  the  viscera. 
The  organs  swing  and  move  upon  each  other,  often  as 
much  forward  as  downward,  maintaining  their  normal 
positions  and  postural  relations.  As  a  result  of  various 
conditions  the  inspiration  muscles  may  "gain  the  upper 
hand  and  the  muscles  of  expiration  yield,"  and  ptosis  is 
induced.  This  writer  strongly  emphasizes  the  impor- 
tance of  the  diaphragm  in  bringing  about  the  changes 
incident  to  enteroptosis.  He  remarks  that  the  inspiratory 
downward  displacement,  if  once  the  diaphragmatic  sup- 
ports commence  to  yield,  is  one  of  the  factors  in  the  causa- 
tion of  visceral  ptosis ;  and  while  minimizing  the  func- 
tion of  visceral  bonds  in  the  causation  or  prevention  of 
enteroptosis,  he  maintains  that  the  active  contraction  of 
the  crura  is  the  most  important  factor  in  the  production 
of  visceral  ptosis,  acknowledging  in  the  same  article  that 
while  the  supports  of  the  diaphragm  are  threefold- 
abdominal,  costal,  and  thoracic— doubtless  that  derived 
from  the  abdominal  muscles,  the  muscles  of  expiration, 
is  of  the  most  importance. 

At  all  events,  one  is  justified  in  ascribing  highest  im- 
portance to  the  action  of  these  muscles,  since  it  appears 
that  the  normal  respiratory  swing  of  tlie  organs,  the 
stomach,  liver,  and  spleen,  gives  place  to  downward  dis- 
placement in  the  presence  of  relaxation  of  the  abdominal 
support,  or  what  is  even  worse,  perhaps,  when  the  body 
cavity  is  constricted  by  corsets  or  distorted  by  disease, 
the  action  of  the  diaphragm  pushes  the  organs  down. 
Corsets  when  applied  prevent  an  inspiratory  downward 
displacement  of  the  liver,  but  when  removed  the  relaxed 
condition  of  the  muscles— being  too  weak  to  oppose  the 
dropping — favors  ptosis. 

"  The  condition  essential  to  the  displacement  of  either 
kidney  is  a  diminution  of  the  subdiaphragmatic  space 
which  may  be  accounted  for,  (1)  by  compression  of  the 
thorax  with  clothing,  (2)  by  a  partial  collapse  of  the 
thoracic  walls,  following  chest  or  spinal  disease,  and  (3) 
by  the  permanent  contraction  of  the  diaphragm,  which 
follows  a  relaxed  or  paretic  condition  of  the  abdominal 
walls  "  The  left  kidney  is  not  displaced  so  frequently 
as  the  right,  from  the  fact  that  "  the  left  hypochondriuiji 


is  provided  with  a  safety  valve  in  the  shape  of  the  splenic 
flexure  of  the  colon."  So  that  when  the  subdiaphrag- 
matic space  is  lessened,  the  "  colon  is  extruded  and  the 
other  organs  are  left  imdisturbed."  Again,  the  close  at- 
tachments of  kidney  to  spleen,  and  of  spleen  to  dia- 
phragm, prevent  dislocation.  From  the  domain  of  com- 
parative anatomy  one  may  gather  some  clew  also  to  this 
condition.  It  is  afiirmed  that  with  the  evolution  of  the 
orthograde  posture  and  the  orthograde  type  of  respira- 
tion, mesenteric  adhesions,  which  appeared  one  after  the 
other  in  five  different  areas,  spread  out  and  bound  the 
alimentary  tract  more  and  more  to  the  abdominal  wall  as 
the  animal  became  more  and  more  orthograde  in  posture. 
Hence,  various  degrees  of  extent  and  strength  of  mesen- 
teric adhesions  due  to  arrest  of  development  or  otherwise, 
may  help  to  account  for  visceral  ptosis,  in  some  in- 
stances at  least. 

Whatever  the  active  causes  may  be  which  bring  about 
enteroptosis,  it  may  be  said  that  the  intra-abdominal  press- 
ure is  lowered,  the  organs  may  be  pulled  down,  and 
there  is  more  than  a  mere  probability  that  a  congenital 
predisposition  exists  in  the  character  of  the  supporting 
tissues  of  the  organs,  whether  these  be  ligaments  or  mus- 
cles, or  both. 

Clinical  Features. 

Symptoms. — Enteroptosis  does  not  invariably  give  rise 
to  symptoms,  or,  in  other  words,  a  considerable  degree 
of  downward  displacement  of  one  or  more  of  the  abdom- 
inal organs  may  exist  without  calling  forth  anj'  com- 
plaints. On  the  other  hand,  however,  whether  as  a  re- 
sult or  not  cannot  always  be  established,  one  finds  a 
variety  of  symptoms  referable  to  the  digestive  tract,  the 
nervous  system,  the  condition  of  the  blood,  and  so  on; 
in  a  word,  all  manner  of  subjective  symptoms  may  exist, 
from  the  severest  abdominal  pain,  usually  spasmodic,  to 
the  mildest  parsesthesia. 

It  must  be  admitted,  however,  that,  prominent  and 
more  frequent  among  the  complaints  urged  by  the  sub- 
jects of  enteroptosis,  are  those  of  digestive  disturbances — 
distressful  weight  after  food,  referred  to  the  right  upper- 
quadrant;  sometimes  spasmodic  pain;  sometimes  vom- 
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Fig.  5139.— Partial  Ptosis  of  the  Viscera  in  a  Woman  Aged  Forty-Hye 
Tears.  The  duodenum  descended  as  far  as  the  brim  of  the  pelvis. 
(Keith.) 

iting,  flatulence,  constipation,  and  throbbing  in  the  ab- 
domen. The  distress,  which  in  pronounced  cases  is  for 
the  most  part  constant  and  referred  to  the  upper  quad- 
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rants,  is  promptly  relieved  on  assuming  the  lionzontal 
position,  only  to  return  again  on  getting  up  and  walkmg 
about.     Hence  some  persons  make  this  complamt  prom- 


Fid.  5140.— Lateral  View  of  the  Same  Subject.    (Keith.) 

inent  while  speaking  of  their  symptoms.  It  is  interest- 
ing, in  this  connection,  to  note  that  constipation,  which 
in  one  case  under  the  writer's  observation  was  very  ob- 
stinate, at  different  periods  always  disappeared  when  the 
patient  lay  in  bed  for  a  few  days. 

It  has  been  seen  that  the  subjects  of  enteroptosis  are 
mostly  women.     Those  in  whom  the  condition  is  marked 


Fig.  .5141.— Stomach  Vertically  Situated  and  Prolapsed, 
illumination. 


Located  by 


are  usually  tall  and  thin,  with  no  compactness  of  form, 
while  the  facial  expression  in  many  instances  bespeaks 
a  "neurasthenia  basis,"  and,  according  to  Keith  and  Wil- 
liams, in  cases  of  visceral  ptosis,  there  is  commonly  a 
marked  forward  curvature  of  the  cervical  region  of  the 
spine — "ewe-neck." 

The  examination  of  the  abdomen  should  be  made 
In  both  the  upright  and  dorsal  positions.  In  the  former 
attitude    one    finds,   in    typical    cases,   the  lower  part 
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of  the  abdomen  flaccid  apd  prominent,  overhanging 
the  symphysis  pubis— the  "Hangebauch"  of  the  Ger- 
mans (Fig.  5140),  contrasting  strongly  with  the  upper 
quadrants  whicli  are  usually  flat  or  hollowed  out. 
Meiuert  holds  that  such  a  pendulous  abdomen  holds  a 
dilated  stomach  and  not  a  dislocated  one.  It  is  in  the 
dorsal  position,  however,  that  one  gets  positive  evidence 
of  the  postural  anomalies  of  enteroptosis.    The  epigas- 


Fig.  5142.— stomach  Vertical  or  Nearly  So.  Located  by  illumination. 
The  "corde  colique  transverse"  is  well  shown.  KlgM  kidney{iJ) 
is  prolapsed. 

trium  is  usually  flat  and  somewhat  scaphoid,  with  wide- 
spread pulsations,  while  the  peri-umbilical  region  is 
prominent.     Peristaltic  waves  may  be  seen  crossing  the 


Fig.  .")J4.'!.— ShowinK  Tendency  to  V-shape  of  Stomach  on  Inflation. 

abdomen  from  side'to  side ;  the  recti  abdominales  are  fre- 
quently widely  separated,  as  may  be  shown  either  by 
palpation  or  by  directing  the  patient  to  lift  the  head  and 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


X^nteroptoslH. 
EnteroptosiN. 


loulders  unaided  by  tlie  hands  or  elbows,  when  a  prom- 
ent  central  ridge  appears  running  from  the  ensiform 
irtilage  downward.    The  usual  methods  for  determin- 


ro.  5144.— Showing  Gastroptosis  and  Nephroptosis.    P,  The 
colique  transverse."    (Pancreas  is  well  shown.) 


'  corde 


ig  the  positions  of  the  different  organs  should  be  re- 
nted to :  palpation  and  percussion  for  the  solid  organs, 
'^hile  inflation  and  illumination,  as  well  as  auscultatory 
eroussion,  may  determine  the  situation  of  the  stomach, 


IG.  5145  —Showing  Ptosis   and  Dilatation  ot  Stomach, 
the  liver  and  of  the  left  kidney. 


Ptosis  of 


tc.  Of  these  methods  there  seems  but  little  doubt  that 
aflation  is  the  most  accurate.  It  is  important  of  course 
0  distinguish  between  a  displaced  stomach  and  a  dilated 
tomach.  Indeed,  when  that  organ  is  displaced  it  is  usu- 
lly  dilated  to  some  extent. 
The  organs  usually  found  prolapsed,  in  cases  of  enter- 
ptosis,  are  the  stomach,  the  right  kidney  (movable  or 
loating),  and  the  colon  (Fig.  5139).    There  is,  however, 


increasing  evidence  to  show  that  the  liver  is  much  more 
frequently  dislocated  than  was  at  one  time  supposed. 
The  left  kidney  and  the  spleen  are  implicated  in  this  con- 
dition rarely  as  compared  with  the  right  kidney.  The 
pancreas  may  be  displaced  also,  chiefly  at  its  head.  Not 
infrequently  the  pelvic  organs  suffer  the  same  displace- 
ment. The  diaphragm  and  heart  may  participate  in  a 
general  ptosis. 

With  reference  to  the  determination  of  the  position  of 
the  stomach,  it  is  important  to  remember  that  normally 
the  lesser  curvature  does  not  come  jnto  view  when  the 
organ  is  inflated,  and  that  the  whole  of  the  organ  lies 
above  the  umbilicus.  Hence,  when  the  lesser  curvature 
is  seen,  and  its  normal  relation  to  the  greater  curvature 
(four  to  four  and  one-half  inches)  is  not  greatly  altered, 
gastroptosis  is  present,  and  in  proportion  as  the  lesser 
curvature  approaches  the  umbilicus,  or  goes  even  below 
it,  an  increasing  degree  of  gastric  dislocation  obtains. 
The  stomach  is  sometimes  seen  in  the  oblique  or  almost 
vertical  position  (Figs.  5141  and  5142),  and  not  infre- 
quently the  pyloric  end  is  dilated,  forming  a  three-quar- 


FiG.  5146.— From  a  Man  with  Kidney  Freely  Movable  and  Character' 
istic  Symptoms. 

ter  circle  with  the  umbilicus  as  centre  when  outlined 
upon  the  abdomen.  Again,  the  stomach  may  be  some- 
what V-shaped  (Figs.  5143  and  5144). 

What  is  the  small  band  which  is  palpable  running 
across  the  abdomen  about  two  inches  or  so  above 
the  umbilicus?  (Figs.  5143,  I  and  5144,  P.)  Glenard 
termed  it  "la  corde  colique  transverse,"  and  regarded 
it  as  the  "colon  transversum. "  There  is  good  reason  to 
doubt  the  correctness  of  this  view.  If  the_  stomach  is 
low  the  colon  is  generally  lower,  and  in  a  case  in  which  the 
band  was  most  typically  found  by  the  writer,  operation 
proved  it  to  be  the  pancreas.  In  palpa,tion  of  the  abdo- 
men Glenard  laid  special  stress  upon  a  test  of  consider- 
able diagnostic  value.  The  examiner,  standing  behind 
the  patient,  who  is  also  in  the  erect  position,  places  both 
hands  flatly  over  the  lower  zone  of  the  abdomen  and 
applies  firm  and  gentle  pressure  upward  and  backward. 
In  the  great  majority  of  cases  of  enteroptosis  this  act 
affords  considerable  relief  to  the  distressing  dragging 
sensation  felt  in  the  epigastrium  and  abdomen.  At  the 
same  time  the  result  when  "  I'epreuve  de  sangle  "  is  ap- 
plied, is  an  index  to  the  treatment.  (I  am  greatly  in- 
debted to  my  house  physician,  Dr.  J.  R.  Byers,  for  the 
accompanying  illustrations.) 

Stiller' s  Sign.     (Costa  fluctuans  decima.)— Stiller  re- 
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gards  enteroptosis  as  of  a  neurasthenic  ongm,  and  looks 
upon  the  presence  of  a  floating  tenth  rib  as  indicative  ot 
the  presence  of  a  neurasthenic  tendency.  Observations 
upon  this  point  reported  by  Meinert,  Zweig,  Arneill,  and 
others  go  to  show  that  this  sign  in  the  diagnosis  ot  en- 
teroptosis, or  neurasthenia,  is  scarcely  so  important  as 
Stiller  would  have  it. 

With  respect  to  the  relation  of  enteroptosis,  more  espe- 
cially gastroptosis,  to  chlorosis,  it  must  be  said  that  it  is 
not  that  of  cause  and  effect— no  characteristic  blood  con- 
dition is  found  in  cases  of  enteroptosis,  and  many  cases 
of  chlorosis  occur  in  which  there  is  no  evidence  of  vis- 
ceral displacements. 

Jaundice,  which  has  been  seen  in  several  cases,  may 
result  from  a  variety  of  causes.  "  Gall  stones  are  com- 
monly, if  not  always  present,  in  cases  of  enteroptosis. 
This  statement,  made  by  Dr.  A.  Keith,  seems  rather  too 
broad,  although  it  must  be  admitted  "  that  the  condition 
of  visceral  ptosis  favors  their  formation."  However, 
there  can  be  no  doubt  that  the  altered  relation  of  the  bile 
ducts  and  organs,  especially  the  right  kidney,  the  liver, 
and  the  duodenum,  might  in  a  variety  of  ways  cause 
obstruction  to  the  outflow  of  bile  and  thus  induce  jaun- 
dice. 

PATHOLoay.  —It  may  be  well  before  taking  up  the  diag- 
nosis of  tbis  condition  to  consider  more  particularly  the 
pathology  of  enteroptosis.  The  symptoms  of  enteropto- 
sis may  be  accounted  for  by  various  theories,  which  for 
convenience  fall  under  three  headings : 

1.  The  mechanical  theory  of  Glenard. 

2.  The  neuro-mechanical  theory  of  Meinert. 

3.  The  neuro-intoxication  theoi-y  of  Schwerdt. 

The  first  theory,  though  not  a  purely  mechanical  one, 
does  not  ask  for  any  antecedent  nervous  cause,  but  im- 
plies a  weakness  of  the  suspensory  ligaments  of  the 
transverse  colon,  especially  the  colo-hepatic  ligament. 
The  descent,  Glenard  claims,  begins  at  the  hepatic  flexure 
and  the  other  events  incident  to  the  disease  follow — 
entero-stenosis,  due  to  a  kinking  of  the  colon  at  the 
point  of  prolapse,  the  gastroptosis,  the  constipation, 
auto-intoxication,  the  neurotic  manifestations,  etc. 

Under  the  second  theory  Meinert  attributes  the  symp- 
toms associated  with  dropping  of  the  viscera  to  the  con- 
stant stimulation  and  irritation  of  the  sympathetic  nerves, 
as  a  result  of  pulling  and  stretching  of  these  nerve  fibres. 
The  blood-forming  organs  and  the  general  nervous  sys- 
tem participate  in  this  abnormal  irritation  and  stimula- 
tion, and  chlorosis,  neuroses,  and  a  variety  of  vaso-motor 
disturbances  are  thus  induced. 

Schwerdt  believes  that  the  nervous  system  is  primarily 
at  fault;  the  fibre  of  the  individual  is  toneless,  the  func- 
tions of  the  abdominal  muscles,  both  parietal  and  vis- 
ceral, are  not  normal;  intra-abdominal  pressure  is  les- 
sened, ptosis  follows.  There  is  a  stasis  in  the  blood  and 
lymph  vessels,  the  bowel  contents  stagnate  and  decom- 
pose, excretions  accumulate;  absorption  of  poisonous 
products  goes  on,  and  intoxication  is  the  result — dyspep- 
sia, headache,  anaemia,  palpitation,  neurasthenia,  etc. 

DiAGSosiK. — In  the  great  majority  of  cases  one  may 
suspect  the  condition  from  the  complaints  made  by  the 
patient — digestive  disturbances,  distress,  not  necessarily 
pain,  in  the  stomach  on  getting  up  in  the  morning,  or 
after  being  in  the  recumbent  posture  for  some  time, 
dragging  under  the  right  costal  margin,  a  feeling  as  if 
something  falls  over  to  the  left  side  when  the  patient 
turns  on  that  side,  constipation,  lack  of  energy,  and  other 
neurasthenic  symptoms.  The  patient  is  generally  slender 
and  of  lean  habit. 

An  examination  of  the  abdomen,  however,  is  necessary 
to  correct  or  justify  the  suspicion  derived  from  the  com- 
plaints. The  contour  of  the  abdomen  may  further  sug- 
gest a  condition  of  splanchnoptosis  and  inflation  of  the 
stomach  by  means  of  tartaric  acid  and  bicarbonate  of 
soda,  or  air  cautiously  pumped  in,  readily  and  accurately 
serves  to  locate  that  organ.  The  solid  organs  may  be 
palpated,  and  it  is  recommended  to  examine  the  liver 
while  the  patient  is  in  the  upright  position.  Displace- 
ments of  this  organ  are  doubtless  much  more  frequent 


than  might  be  supposed,  judging  from  the  results  of  ex- 
amination in  the  dorsal  position.  The  right  lobe  of  the 
liver  in  some  cases  projects  in  a  tongue-like  process  be- 
low the  costal  margin.  It  has  been  described  as  Riedel's 
lobe,  and  may  occasionally  be  somewhat  misleading. 
The  test  known  as  "I'epreuve  de  sangle,"  already  de- 
scribed, should  be  applied  in  all  suspected  cases.  It  is 
scarcely  possible,  after  a  careful  examination,  to  mistake 
enteroptosis  for  any  other  condition.    Doubtless  many 


Fig.  5147.— From  a  Case  of  Pulmonary  Tuberculosis.  Gastroptosis 
with  dilatation  ol  the  pyloric  end,  showing  as  a  three-quarter  circle ; 
the  umbilicus  as  centre. 

cases  of  gastric  neurasthenia  and  of  nervous  dyspepsia 
would  be  cleared  up  by  a  careful  search  for  visceral 
ptosis. 

Among  others  at  least  two  instances  of  mistaken  diag- 
nosis coming  under  the  writer's  notice  may  be  recor'led. 
In  one,  a  diagnosis  of  malignant  disease  of  the  stomach 
led  to  a  laparotomy  revealing  the  pancreas  as  the  pal- 
pable misleading  mass,  while  in  the  other,  recurrent  jaun- 
dice was  thought  to  be  due  to  gall  stones  oisl  ".sluggish 
liver, "and  the  horseback  riding,  rowing,  walking,  canoe- 
ing, recommended  for  its  relief,  aggravated  all  the  symp- 
toms. On  the  other  hand,  there  is  danger  of  attempting 
to  explain  too  many  symptoms  by  visceral  ptosis. 

Prognosis. — Many  patients  recover  entirely,  losing  all 
symptoms  and  signs  of  the  disease.  The  majority  may 
recover  from  the  evil  train  of  symptoms,  the  ptosis  exist- 
ing in  part  at  least.  It  may  be  fatal  as  the  result  of  the 
exhaustion  and  intoxication  in  extreme  cases. 

Treatment. — The  indications  for  the  treatment  of 
enteroptosis  as  originally  recommended  by  Glenard  can 
scarcely  be  improved  upon.     Tliey  are  as  follows: 

1.  The  intestines  must  be  elevated  and  kept  in  their 
new  position. 

2.  The  abdominal  pressure  must  be  increased. 

3.  The  bowels  must  be  regulated. 

4.  The  secretions  of  the  intestinal  glands  must  be  in- 
creased. 

5.  The  digestion  and  nutrition  must  be  regulated  and 
stimulated. 

6.  The  whole  organism  must  be  strengthened. 

If  a  cause  can  be  fixed  upon  as  inducing  or  aggravat- 
ing the  displacement,  let  it  be  removed.  Those  measures 
will  best  meet  all  these  requirements  which  increase  the 
strength  and  raise  the  tone  of  the  whole  musculature. 
It  seems  in  most  cases  to  be  a  question  of  nutrition,  rest, 
good  food,  mild  yet  efficient  purgatives,  or  better  still 
enemata,  occasionally  gastric  lavage,  with  drugs  directed 
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against  fermentative  processes  in  the  early  stages  of  the 
treatment,  as  indicated.  It  is  of  the  highest  importance 
to  increase  the  strength  of  the  abdominal  muscles  by 
regulated  exercise.  Belts,  or  abdominal  supporters,  so 
highly  recommended  and  in  such  variety,  are  of  doubt- 
ful utility.  Only  those  belts  which  increase  the  intra- 
abdominal pressure  should  be  used.  They  encircle  the 
abdomen  and  exercise  the  same  degree  of  pressure  over 
the  whole  abdominal  surface.  It  is  not  only  futile,  but 
often  harmful,  to  attempt  to  hold  a  kidney  or  a  stomach 
in  place  by  any  special  device  externally  applied. 

With  respect  to  surgical  treatment  of  this  condition, 
it  must  be  said  that  it  should  be  undertaken  only  after 
other  methods  have  failed,  and  then  only  with  the  great- 
est care,  especially  in  those  cases  in  which  the  neuras- 
thenic element  is  strongly  manifest,  for  such  patients  are 
often  worse  rather  than  better  after  surgical  interference. 
Duret  first  operated  in  1894,  lifting  the  stomach  and  fix- 
ing the  serosa  of  the  lesser  curvature  of  the  stomach  to 
the  parietal  peritoneiun  and  muscle  of  the  anterior  wall 
of  the  abdomen.  Byron  D.  Davis  (1897),  Beyea  (1898), 
Hartmann  (1899),  Treves,  Bier,  and  Webster,  have  oper- 
ated with  varied  success  on  similar  cases.  Beyea  and 
Stengel  shortened  the  gastric  hepatic  omentum  and  gas- 
trophrenic ligament  by  plicating  with  multiple  sutures, 
thus  bringing  the  stomach  up  to  its  normal  position. 
Webster,  selecting  those  cases  in  which  there  was  sepa- 
ration of  the  recti  muscles,  sought  to  increase  intra- 
abdominal pressure  by  resecting  the  fascia  of  these  mus- 
cles and  then  suturing  the  muscles  together. 

William  Faiocett  Hamilton. 
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ERYTHROL  TETRANITRATE,  CaHe  (ONOO4,  is  ob- 
tained by  the  action  of  nitric  acid  on  the  tetratomic  alco- 
hol, erythrite,  a  substance  found  in  several  different 
lichens,  especially  Rocella.  It  occurs  in  colorless  lamel- 
la;, melts  at  61°  C.  (143°  F.),  is  insoluble  in  water,  and 
dissolves  readily  in  alcohol  and  ether.  On  percussion  or 
when  rapidly  heated  it  explodes  with  great  violence,  and 
one  fatality  has  occurred  from  its  trituration  with  sugs^ 
of  milk,  in  direct  sunlight  it  turns  yellow  and  gives  off 
nitrous  fumes.  .        ,.„       . 

The  drug  is  a  vaso-dilator,  and  its  action  differs  from 
that  of  amyl  nitrite  and  nitroglycerin  in  no  essential  ex- 
cept that  it  is  slower  in  its  onset  and  more  lasting,  it  is 
said  to  take  half  an  hour  for  the  production  of  vaso-dila- 


tation,  and  several  hours  for  the  effect  to  wear  off.  The 
dose  is  gr.  ^-i.  (0.015-0.06  gm.),  mast  conveniently  ad- 
ministered in  tablet  triturates.  Bradbury  recommends 
3  i.  (4  c.c.)  of  a  1  in  60  alcoholic  solution  re|)eated  every 
four  to  six  hours.  W.  A.  Bastedo. 

ERYTHROMELALGIA.— This  affection  was  originally 
described  by  Weir  Mitchell  in  1873  as  follows:  "A 
chronic  disease,  in  which  a  part  or  parts — usually  one  or 
more  extremities — suffer  from  pain.  Hushing,  and  local 
fever,  made  far  worse  if  the  part  hangs  down,"  and 
writers  since  then  have  not  been  able  to  agree  upon  a 
definition  more  satisfactory  than  this  descriptive  one. 
Up  to  the  present  time  about  one  hundred  cases  have 
been  reported  and  discussed  by  neurologists  and  path- 
ologists, the  questions  of  its  pathogenesis,  and  of  whether 
the  affection  is  properly  a  distinct  disease  or  entitled  only 
to  be  called  a  group  of  symptoms,  having  excited  much 
interest.  To  these  topics  we  shall  return  in  their  proper 
place. 

The  subjects  of  erythromelalgia  are  usually  middle- 
aged  people,  sometimes  young  adults,  but  seldom  chil- 
dren. Many  more  males  are  attacked  than  females,  and 
the  predisposing  causes  are  such  as  men  are  more  liable 
to  than  women,  viz.  ;  occasionallj'  traumatism,  as  from  a 
stone  falling  upon  the  foot,  exposure  to  wet  and  cold, 
especially  when  repeated,  long  standing  at  fatiguing 
work,  sometimes  exceptionally  exposure  to  heat,  as  in 
working  at  a  furnace.  Also  malaria,  syphilis,  anemia, 
alcoholism,  hysteria,  and  dyspeptic  states  are  all  believed 
to  stand  in  a  causative  relation  to  it.  It  is  also  found 
associated  with  various  other  general  diseases,  and 
particularly  those  of  the  nervous  system.  Reynolds 
mentions  one  case  as  coming  on  suddenly  soon  after 
confinement. 

Symptoms. — The  most  distinctive  and  fundamental 
symptoms  are  those  originally  emphasized  by  Weir 
Mitchell.  He  also  in  his  most  recent  paper  on  the  sub- 
ject reminds  us  that  the  pure  type  of  symptoms  should 
be  looked  for  in  the  youngest  class  of  patients,  for  in 
those  who  are  more  advanced  in  life  diseased  conditions 
of  the  arterial  or  nervous  system  may  exist  independent- 
ly of  erythromelalgia  and  lead  to  confusion.  The  local 
symptoms  involve  almost  exclusively  the  peripheral 
parts  of  the  extremities.  The  three  characteristic  symp- 
toms are  localized  pain,  redness,  and  swelling,  suggestive 
of  inflammation  and  yet  to  be  carefully  discriminated 
from  it.  The  pain  is  apt  to  be  the  first  abnormality  to 
attract  attention,  involving  most  frequently  the  great 
toe,  the  heel,  the  ball  of  the  foot  on  its  inner  or  outer 
side,  or  the  metacarpo  phalangeal  articulation,  less  fre- 
quently the  upper  extremities,  or  exceptionally  other 
parts.  These  pains  are  described  as  burning,  irritating, 
piercing,  and  as  sometimes  of  intolerable  severity,  "as  if 
the  part  were  being  destroyed  by  fire  "  (Kahane).  They 
are  at  first  occasional,  coming  on  at  varying  intervals  or 
after  special  exciting  causes ;  then  they  become  intermit- 
tent and  then  constant,  although  there  are  reports  of 
cases  in  which  they  finally  ceased.  The  latter  part  of  the 
day,  especially  after  exhausting  labor,  hot  weather,  a 
hanging  position,  also  motion,  all  intensify  the  suffering; 
while  on  the  other  hand  cold,  either  of  the  weather  or  of 
applications,  rest,  and  an  elevated  position  of  the  affected 
part  give  relief.  Thus  it  is  quite  characteristic  lor  pa- 
tients when  the  hands  are  the  seat  of  the  local  trouble  to 
carry  them  crossed  upon  the  chest  or  raised  above  the 
head  (Barlow). 

The  redness,  which  is  the  second  prominent  local  mani- 
festation, accompanies  the  pain,  and  its  tint  is  variously 
described  as  fire-red,  violet,  livid,  the  latter  vergmg 
sometimes  into  a  cyanosis.  Weir  Mitchell  calls  it  rosy 
red  and  congestive,  and  the  disease  itself  has  been  called 
red  neuralgia. 

The  sioelliwj  comes  on  gradually,  is  localized  hke  the 
pain  and  redness,  especially  about  the  joints,  but  is  not 
marked  by  pitting.  It  is  increased  by  motion.  ^  Nor  is 
it  strange  that  this  association  of  symptoms  has  m  some 
cases  led  to  a  diagnosis  of  deep-seated  inflammation,  for 
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the  relief  of  which  incisions  liave  been  made,  which, 
however,  revealed  nothing. 

The  seizures  thus  characterized  were  called  by  Mitchell 
"vascular  storms."  They  may  last  for  several  hours  or 
may  extend  to  days  or  weeks,  the  local  feature  sometimes 
extending  to  parts  not  originally  involved.  The  seats  ot 
attack  are  sometimes  symmetrical,  sometimes  not.  iiut 
in  addition  to  the  symptoms  already  mentioned  others 
show  themselves,  which  have  been  considered  not  char- 
acteristic of  erythromelaigia,  and  which  are  not  con- 
stant, but  still  may  be  of  importance  as  bearing  upon  its 
pathogenesis.  Thus  Eisner  and  Barlow  speak  of  hyper- 
idrosis  accompanying  the  paroxysm,  of  "innumerable 
droplets  of  perspiration  standing  upon  the  skin  at  the 
time  of  the  most  acute  pain. "  There  may  be  a  condition 
described  as  local  asphyxia,  which  may  merge  into  cya- 
nosis. The  pulse  is  often  quickened,  which,  taken  in 
connection  with  the  changes  in  the  circulation,  may  be 
an  index  of  more  than  local  vaso-motor  disturbances. 
Lesions  of  sensibility  are  frequently  present,  hyperais- 
thesia  and  parsesthesia  most  commonly,  but  are  by  no 
means  constant  enough  to  be  regarded  as  characteristic 
of  the  disease ;  nor  is  the  motor  function  often  interfered 
with,  the  lesions  when  occasionally  encountered  in  the 
more  advanced  cases  being  present  as  weakness  and  pare- 
sis. There  is  sometimes  muscular  atrophy.  Reflex  irri- 
tability is  inf  req\ient.  The  trophic  lesions  associated  with 
the  local  manifestations  are  frequent  and  multiform.  The 
skin  may  be  either  thickened  or  show  changes  analogous 
to  the  "  difEuse  idiopathic  atrophy  of  the  skin, "  of  derma- 
tologists, as  in  a  case  reported  by  Schiitz.  There  are 
sometimes  pigmentation  and  oedema,  and  lumpy  alter- 
ations of  the  joints  and  nails;  also  rhagades  and  ulcers 
may  develop.  It  is  also  quite  common  to  find  nodules  or 
papules  on  the  reddened  and  painful  areas  (Kahane). 
One  other  symptom  which  sometimes  presents  itself  is 
gangrene,  considered  by  some  to  be  a  feature  of  indu- 
bitable cases  of  erythromelaigia,  its  occurrence  depend- 
ing upon  the  greater  or  less  severity  of  the  disease 
(Sachs),  and  by  others  as  indicating  its  alliance  with 
Raynaud's  disease. 

Such,  then,  are  the  local  changes,  which,  says  Rey- 
nolds, are  the  only  symptoms  in  twenty  per  cent,  of  the 
cases.  The  disease  is  essentially  chronic  and  of  very 
gradual  development.  Barlow  refers  to  one  case  which 
lasted  for  twenty -seven  years,  the  affection  limited  to  the 
sole  of  one  foot ;  Eisner  to  one  involving  the  left  index 
finger  only,  for  sixteen  years,  amputation  of  the  finger 
finally  relieving  all  the  symptoms. 

Interesting  as  erythromelaigia  has  proved  to  neurolo- 
gists, it  is  its  pathological  position  which  has  given  rise 
to  the  most  discussion,  for  its  symptomatology  is  well  rec- 
ognized and  its  diagnosis  not  ordinarily  attended  with 
dilficulty.  Still  there  have  been  but  few  autopsies  re- 
ported. The  opportunity  of  examining  amputated  parts 
has  indeed  been  availed  of,  but  the  findings  have  not  led 
to  general  agreement  as  to  its  pathological  anatomy,  and 
Oassirer,  writing  in  1901,  says:  "We  are  still  to-day  far 
removed  from  any  certain  knowledge  of  the  pathological 
anatomy  of  erythromelaigia."  Consequently  its  patho- 
genesis has  not  been  satisfactorily  determined.  Nor  have 
the  questions  whether  it  is  ever  an  idiopathic  disease,  or 
whether  it  is  merely  a  " symptom  complex,"  associated 
with  various  other  diseases,  been  answered  conclusively. 
It  would  be  impossible  here  to  go  into  the  details  of  this 
inquiry,  and  it  has  seemed  best  to  give  as  nearly  as  pos- 
sible in  chronological  order  the  views  of  the  principal 
authorities,  which  will  at  all  events  show  the  trend  of 
professional  opinion  and  develop  the  mooted  points. 

Weir  Mitchell  in  his  earlier  publications  refrained  from 
any  positive  expression  of  opinion  as  to  the  origin  of  the 
malady,  but  later  (1878)  regarded  it  as  "a  vaso-motor  neu- 
rosis, which  might  occur  either  independently  or  in  asso- 
ciation with  spinal  or  cerebral  disease,  where  some  dis- 
tinct lesions  of  definite  regions  might  ultimately  be 
discovered."  Subsequently  he  expressed  the  view  that 
in  erythromelaigia  a  neuritis  of  the  finest  nerve  twigs 
may  be  present.     Lewin  and  Benda,  writing  in  1894, 


most  thoroughly  discussed  all  the  cases  that  had  been 
reported  up  to  that  time.  They  classify  these  cases  un- 
der three  headings:  1st.  Erythromelaigia  in  organic  dis- 
eases of  the  central  nervous  system.  3d.  In  functional 
diseases  of  the  central  nervous  system  (neuroses).  3d. 
As  a  peripheral  affection  (neuritis  and  neuralgia),  the 
latter  group  embracing  halt  of  all  the  cases.  The  vaso- 
motor symptoms  are  always  secondary  to  the  neuralgic 
pains.  In  answer  to  the  question  whether  it  is  an  inde- 
pendent disease,  their  conclusion  is  that  it  is  not  a  dis- 
ease sui  generis,  but  may  be  associated  with  various  pe- 
ripheral and  central  diseases  of  the  nervous  system. 

In  1895  Eulenburg  wrote  that  he  had  reasons  for 
"  thinking  that  the  starting  point  of  the  disease  may  be 
found  in  certain  sections  of  the  gray  axis  of  the  cord, 
especially  in  the  posterior  and  lateral  gray  substance,  and 
the  associated  fasciculi, "  an  opinion  which  has  had  great 
weight. 

Auerbach  in  1897  published  a  report  of  the  first  com- 
plete autopsy  made  on  a  case  of  this  disease.  There  was 
a  normal  condition  of  the  peripheral  nerves  and  spinal 
ganglion  cells,  marked  degeneration  of  numerous  radical 
fasciculi  (Wurzelblindel)  in  the  cauda  equina,  on  one 
side  more  than  the  other,  belonging  to  the  first  or  second 
sacral  nerve  and  the  last  lumbar  nerve.  Pronounced  as- 
cending degeneration  in  the  cord." 

In  1899  Weir  Mitchell  and  Spiller  report  that  in  ex- 
amining an  amputated  toe  from  a  patient  with  erythro- 
melaigia there  were  found  a  high  degree  of  degeneration 
of  the  nerves,  which  were  almost  completely  converted 
into  connective  tissue,  also  extreme  changes  in  the  ves- 
sels, thickening  of  the  media,  hypertrophy  of  the  intima, 
and  in  places  complete  closure  of  the  lumen  of  the  artery ; 
and  on  this  finding  peripheral  neuritis  was  assumed  as 
the  basis  of  the  disease.  In  this  article  the  opinion  is 
still  held  that  certain  cases  may  be  due  to  some  form  of 
spinal  disease,  but  the  idea  of  a  nerve-end  neuritis  is 
urged.  These  examinations  and  others  give  greater 
definiteness  to  the  discussion  of  the  pathological  relations 
of  the  central  and  peripheral  organs  in  the  development 
of  the  disease.  In  Dehio's  case  4  cm.  of  the  ulnar  nerve 
and  an  equal  length  of  the  ulnar  artery  were  removed 
just  above  the  wrist  for  erythromelaigia  involving  the 
hand.  The  little  finger  improved,  but  the  rest  of  the 
hand  remained  unchanged.  Examined  under  the  micro- 
scope the  piece  of  the  nerve  was  found  normal,  but  the 
artery  showed  marked  arteritis  of  the  middle  and  inner 
coats  and  some  diminution  of  the  lumen.  Barlow  indi- 
cates three  directions  in  which  inquiry  as  to  the  path- 
ology should  extend:  1st,  to  the  peripheral  nerves;  2d, 
to  the  brain  and  cord,  especially  in  regard  to  the 
vaso-motor  centres;  and  3d,  to  the  blood-vessels.  He 
declares  that  the  disease  has  been  generally  regarded  as  a 
vaso-motor  neurosis  or  paralysis,  and  concludes  tliat  "in 
the  absence  of  obvious  nerve  disease  to  explain  the  arte- 
rio-sclerosis  we  are  led  back  to  the  hypothesis  that  the 
chief  fault  lies  with  the  vaso-motor  centres  and  their  ab- 
normal efferent  vaso-motor  impulses  leading  to  dilatation 
of  the  vessels  and  consecutive  disease  induced  thereby. 
Some  peripheral  strain  or  irritation  may  have  been  trans- 
mitted to  the  vaso-motor  centre  as  the  original  cause  of 
the  disturbance. "  He  further  expresses  the  belief  that 
probably  the  change  in  the  vaso-motors  starts  centrally, 
especially  in  the  generalized  cases  of  the  disease,  although 
it  is  more  reasonable  to  suppose  that  in  uncomplicated 
cases  the  primary  change  starts  at  the  periphery.  The 
question  whether  erythromelaigia  is  an  idiopathic  affec- 
tion or  should  be  considered  merely  a  group  of  symptoms 
appearing  in  association  with  various  primary  diseases 
has  brought  out  a  diversity  of  opinion.  Collier  in  1898 
says  it  is  not  now  regarded  so  much  as  an  idiopathic  dis- 
ease as  a  group  of  symptoms  occurring  in  other  affec- 
tions, and  Kahane,  writing  in  1900,  quotes  Lewin  and 
Benda,  Eulenburg  and  Levi  as  holding  the  same  view, 
and  says  the  conclusion  reached  in  all  the  larger  compre- 
hensive statements  about  erythromelaigia  is  that  it  is  no 
individual  disease,  but  a  symptom-complex  accompany- 
ing   various   other   diseases   of   the    nervous    system. 
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Kahane  himself,  however,  finally  gives  as  his  own 
opinion  that  it  should  be  ranked  among  the  acropathies, 
which  he  defines  as  those  ailections  which  are  localized 
in  the  peripheral  parts  of  the  limbs  and  as  the  ultimate 
basis  of  which  are  assumed  lesions  of  a  vaso-motor  nature. 
There  is  great  diflBculty  in  determining  whether  the 
nerves  or  the  vessels  form  the  starting  point,  whether  we 
have  to  do  with  an  irritation  of  the  vaso-dilators  or  a 
paralysis  of  the  vaso-constrictors.  He  says,  in  conclusion 
of  a  long  and  careful  consideration  of  the  question,  that 
there  are  two  points  that  one  can  be  sure  of:  1st,  that 
erythromelalgia  belongs  clinically  to  the  group  of  acro- 
pathies; 2d,  that  it  is  to  be  referred  to  a  disturbance  in 
the  relation  between  the  systems  of  the  nerves  and  blood- 
vessels quite  without  regard  to  the  question  whether  it  is 
of  functional  or  anatomical,  central  or  peripheral  nature. 
In  his  conception  it  is  a  phase  of  disease  that  occurs  in 
one  series  of  cases  independently  and  in  another  as  an 
attendant  phenomenon  of  other  diseases. 

Sachs  had  found  the  blood-vessels  diseased  in  most 
cases,  but  the  nerves  not  in  many ;  the  changes  in  the  lat- 
ter he  believed  to  be  secondary.  He  says  erythromelalgia 
occurs  as  an  independent  group  of  symptoms,  even  if  not 
an  individual  disease.  Inimcomplicated  cases  it  is  prob- 
ably to  be  referred  to  disease  of  the  peripheral  arteries. 
The  obliterating  arteritis  may  be  indirectly  connected 
with  central  disease,  but  may  be  wholly  independent  of 
such  influences.  In  1901,  Eisner,  on  examination  of  the 
arteries  in  cases  that  he  saw,  found  them  the  seat  of  occa- 
sional slight  thickening  of  the  intima,  but  the  nerves 
normal.  He  calls  attention  to  several  cases  in  which 
gangrene  of  the  extremities  occurred.  He  believes  that 
erythromelalgia  cannot  at  present  be  defined  as  a  disease 
per  se.  Cassirer,  on  the  contrary,  is  constrained  to  place 
himself  among  those  who  believe  the  disease  to  have  a 
certain  idiopathic  character,  while  recognizing  like  others 
one  class  of  cases  of  a  peripheral  and  a  second  of  a  cen- 
tral origin.  Allchin  and  Saville  regard  the  disease  as  of 
vaso-motor  origin,  probably  allied  to  Raynaud's  disease, 
the  former  speaking  of  it  as  an  expression  of  vaso-motor 
ataxia.  Shaw  in  1903  analyzes  nine  cases  and  reports 
the  results  of  the  examination  of  amputated  toes  in  three 
cases,  stating  that  "  vascular  change  was  present  in  all, 
mostly  an  increase  in  the  intima  of  the  arteries  and  occa- 
sionally thrombosis  and  changes  in  the  inner  coat  of  the 
veins.  The  nerves  were  investigated  even  to  their  ter- 
minations, and  no  degeneration  was  found,  nor  was  there 
any  suggestion  of  increase  of  fibrous  tissue  in  the  trunk 
of  the  nerves."  (Compare  Mitchell.)  He  says:  "In  no 
case  has  recent  degeneration  of  nerve  fibres  been  demon- 
strated, and  in  not  one  of  the  nine  cases  analyzed  was 
aniEsthesia  ever  present."  He  concludes  that  erythro- 
melalgia when  occurring  independently  of  central  ner- 
vous change  is  associated  with  but  one  morbid  picture, 
that  of  local  vascular  change.  Taubert  finds  erythro- 
melalgia traceable  to  disease  in  the  lateral  and  postenor 
columns  of  the  cervical  cord  (see  Eulenburg  and  others). 
Reynolds  calls  the  disease  a  vasomotor  neurosis,  and 
argues  in  favor  of  the  theory  of  primary  vaso-motor  dila- 
tation of  the  arteries  followed  in  the  way  of  compensation 
for  this  vaso-motor  paralysis  by  thickening  of  the  coats 
of  the  arteries  so  as  to  narrow  the  lumen  and  stream  of 
blood  (quoting  Delafield,  Thoma,  and  Barlow  in  support 
of  his  views).  Starr,  sketching  the  phenomena  of  the 
"  vascular  storm,"  says :  "  The  dilatation  of  the  arteries  in 
the  extremities  results  in  an  extreme  condition  of  redness 
and  sensation  of  heat  and  pain.  After  hours  of  this  the 
extremities  may  suddenly  become  cold,  pale,  or  blue  and 
shrivelled  up,  presenting  the  appearance  of  the  hands 
after  long  soaking  in  hot  water ;  and  this  alternation  of 
distention  and  contraction  of  the  blood-vessels  constitutes 
the  symptomatology  of  the  disease.  It  appears  to  be  a 
pure  vaso-motor  neurosis,  but  it  is  rarely  if  ever  attended 
by  any  trophic  disturbances  of  the  skin  or  nails,  such  as 
occur  in  neuritis,  and  no  pathological  observations  are  at 
hand  to  establish  the  hypothesis  that  there  is  a  true  neu- 
ritis of  the  vaso-motor  nerves." 
If,  thereore,  we  should  venture  upon  a  rough  summmg 


up  of  the  principal  pathological  features  of  erythromelal- 
gia as  indicated  in  the  preceding  brief  synopsis  of  recent 
authorities  wo  should  say  that  opinion  was  settling  upon 
the  following  beliefs:  (1)  The  disease  is  considered  a 
vaso-motor  neurosis  Cangioneurosis,  Oppenheim);  (2)  the 
attribution  of  the  group  of  symptoms  to  disease  of  the 
posterior  and  lateral  spinal  gray  matter,  when  it  would 
be  called  secondary,  and  to  as  yet  undetermined  causes 
of  peripheral  origin,  where  some  would  call  it  clinically 
idiopathic  or  sui  generis;  (3)  its  association  with  the  ac- 
ropathies and  sometimes  with  Raynaud's  disease;  (4) 
there  is  much  more  evidence  connecting  the  disease 
locally  with  alterations  of  the  blood-vessels  than  of  the 
nerves,  but  good  authorities  deny  that  we  are  yet  in  posi- 
tion to  pass  finally  upon  its  pathology. 

The  TREATMENT  of  erythromelalgia  can  hardly  be  said 
to  aim  with  hopefulness  at  more  than  the  alleviation  of 
some  of  its  most  distressing  symptoms,  proof  of  which 
is  found  in  the  long  list  of  the  various  means  employed. 
Weir  Mitchell's  recommendation  of  rest,  cold,  and  eleva- 
tion of  the  limb  affected  has  been  found  of  value,  based 
as  it  is  upon  well-known  observations  of  patients  that  the 
opposites  of  these  increase  their  sufferings.  Other  meas- 
ures to  be  noted  are  hydrotherapy,  electricity  (Eulenburg 
and  Schtitz  found  benefit  from  the  use  of  the  constant 
current),  massage  (although  Barlow  says  it  is  of  doubtful 
value  and  unbearable  during  the  paroxysms).  Of  course 
antisyphilitic  remedies  are  indicated  in  cases  in  which 
that  disease  is  believed  to  underlie  or  complicate  erythro- 
melalgia, and  among  drugs  which  are  more  or  less  ap- 
proved are  arsenic,  antipyrin,  the  bromide  of  potassium, 
morphine  (Morgan  reporting  a  case  of  recovery  after 
hypodermic  injections  of  morphine  and  atropine  twice  a 
day  for  three  weeks),  the  salicylates,  atropine,  and  ergot 
internally  as  well  as  ichthyol  externally.  It  should  also 
be  remembered  that  spontaneous  recovery  has  taken  place 
in  some  cases.  Further  than  this,  the  several  cases  re- 
ferred to  above  are  evidence  that  surgical  measures,  such 
as  the  stretching  of  nerves,  their  resection,  and  the  am- 
putation of  toes  and  fingers,  have  brought  relief  in  certain 
instances.  It  should  be  noted,  however,  that  gangrene 
followed  operative  procedures  upon  nerve  and  vein  in 
one  case  of  Weir  Mitchell's  and  upon  amputation  of  a 
toe  in  another. 

The  references  given  below  are  mainly  to  the  chief 
articles  of  the  last  three  years,  the  reader  being  referred 
to  the  essays  of  Lewin  and  Benda  and  of  Kahane  for  full 
bibliographies.  J.  Baven  Mnerson. 
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EUCAINE  is  a  name  applied  to  two  different  but  closely 
allied  local  antestljetics  distinsuished  as  Alphu-eucame 
or  Eucaine  "  A  "  and  Beta-eucaine  or  Encaine  "  B. " 

The  anajsthetic  effect  of  cocaine,  whicli  is  methyl-ben- 
zoyl-ecgonine,  C,,H2iN04,  was  found  to  depend  on  the 
presence  of  both  the  methyl  and  the  benzoyl  groups  and 
not  on  the  ecgonine  radical.  So  with  the  desire  of  ob- 
taining the  anaesthetic  effect  of  cocaine  without  its  tox- 
icity, other  methvl-benzoyl  compounds  were  designed. 
Of  these  Eucaine"  A"  was  submitted  to  the  profession, 
and  was  for  a  time  extensively  employed ;  but  its  very 
irritating  effects  have  so  militated  against  its  desirability 
that  it  has  been  largely  replaced  by  its  congener,  Eucaine 
"B,"  a  compound  of  less  toxicity  and  less  irritating  prop- 

AlpJia-eiicaine,  CHs.N.C,.(CH3),.(CH3)2.(CH.),.CC6- 
HsCOO.COOCHs,  is  methyl-benzoyl-tetra-methyl-hy- 
droxy-piperidine-carbonic-acid-methyl-ester,  a  derivative 
of  tri-acetone-amine.  Its  hydrochloride  occurs  as  a  bitter 
white  crystalline  powder  soluble  in  10  parts  of  cold 
water,  7  of  boiling  water,  less  than  3  of  alcohol,  and  13 
of  glycerin,  and  is  very  slightly, soluble  in  ether  and  the 
fixed  oils. 

Beta-eucaine,  H.N.C..  HOHs.  (CH,),.  (CH2)..C.CeH6- 
COO.H,  benzoyl-vinyl-diacetone-alkamine,  is  also  a  bitter 
white  crystalline  powder,  and  its  hydrochloride  dissolves 
in  33  parts  of  water,  13  of  boiling  water,  30  of  alcohol, 
and  35  of  glycerin.  It  is  insoluble  in  ether  and  almost 
insoluble  in  the  fixed  oils. 

Both  eucaines  have  the  nature  of  alkaloids,  and  their 
hydrochlorides  have  been  the  salts  in  common  use ;  but 
the  acetate  of  beta-eucaine  is  now  recommended  as  it  is 
readily  soluble  in  water.  The  solutions  of  eucaine  salts 
are  not  decomposed  by  boiling,  so  may  be  sterilized. 

The  pharmacological  action  of  the  eucaines  has  been 
studied  by  Cushny,  Vinci,  Ver  Eecke,  and  others.  The 
salts  are  not  absorbed  by  the  unbroken  skin,  but,  applied 
to  mucous  membranes  or  injected  into  the  tissues,  they 
paralyze  the  sensory  nerves  and  their  terminal  endings  at 
the  site  of  application  and  are  powerful  local  antesthetics. 
They  are  said  to  produce  local  congestion  in  mucous 
membranes. 

In  large  dose  they  weaken  the  heart  by  direct  depres- 
sion of  the  cardiac  muscle  and  its  contained  ganglia,  and 
in  addition  lower  blood  pressure  by  dilatation  of  the  arte- 
rioles. The  respiratory  centre  is  at  first  stimulated,  later 
paralyzed,  so  that  death  takes  place  from  asphyxia  (par- 
alysis of  respiration).  The  cerebral  centres  are  stimu- 
lated with  the  production  of  tonic  and  clonic  convul- 
sions ;  later  they  are  paralyzed,  ^here  is  no  dilatation  of 
the  pupil  or  disturbance  of  the  accommodation  of  the 
eye,  but  the  conjunctiva  is  congested.  The  superficial 
epithelium  of  the  cornea  is  not  affected.  The  kidney  cells 
are  stimulated  and  the  quantity  of  urine  is  increased, 
with  increased  elimination  of  nitrogen,  phosphorus,  and 
chlorides.  The  drug  is  not  found  in  the  urine,  and  ap- 
parently undergoes  decomposition  in  the  body. 

To  produce  general  poisoning  in  rabbits  and  guinea- 
pigs  it  requires  0.15-0.3  gm.  of  eucaine  "A"  per  kilo, 
and  0.4-0.5  gm.  of  eucaine  "B."  Cocaine  is  four  times 
as  poisonous  as  eucaine  "B,"  and  only  slightly  more 
toxic  than  eucaine  "  A. " 

The  uses  of  beta-eucaine  as  a  local  anaesthetic  are  prac- 
tically those  of  cocaine,  so  we  need  not  here  enumerate  its 
therapeutic  applications.  The  consensus  of  opinion 
among  surgeons  (Bier,  Bainbridge,  Moyer)  would  seem  to 
indicate  that  it  is  weaker  as  an  anaesthetic  than  cocaine, 
whether  employed  suboutaneously  or  in  spinal  analgesia. 
Wallis  found  that  the  amount  required  for  a  small 
operation  averaged  3i.-iss.  (4-6  c.c.)  of  a  four-per-cent. 
solution,  but  G.  W.  Crile  performed  a  painless  duodenos- 
tomy  with  8  c.c.  (  3  ij.)  of  a  two-per-cent.  solution. 

Nearly  all  writers  agree  that  eucaine  tends  to  increase 
a  hypersemia  of  the  conjunctiva  or  nasal  mucous  mem- 


brane, and  Dawbarn  and  others  prefer  it  for  the  removal 
of  tonsils,  adenoids,  and  other  hypertrophied  tissues,  as 
it  does  not  cause  a  shrinkage  like  cocaine.  Poole  prefers 
cocaine  in  iritis,  as  eucaine  increases,  or  at  least  does  not 
decrease,  the  anterior  congestion. 

In  our  experience  eucaine  applied  to  mucous  mem- 
branes is  slower  in  its  action  and  much  weaker  than  co- 
caine ;  used  subcutaneously  it  is  somewhat  weaker.  We 
had  several  cases  of  local  gangrene  following  its  hypo- 
dermic use  in  abdominal  and  pleural  tapping,  though  in 
each  of  these  instances  the  injection  had  been  preceded 
by  the  ethyl-chloride  spray.  Cocaine  under  similar  con- 
ditions never  produced  a  slough.  Da  Costa  noted  a  slow, 
persistent  sloughing,  especially  in  fatty  tissue,  bursae,  or 
tendon  sheaths.  He  also  noticed  inflammation  following 
its  use  in  the  bladder.  Shastid  reports  the  occurrence  of 
amblyopia,  rapid  pulse,  and  delirium  following  the  ap- 
plication of  a  flve-per-cent.  solution  to  the  inferior  tur- 
binate. 

Beta-eucaine  is,  then,  a  drug  of  anaesthetic  action  re- 
sembling that  of  cocaine,  but  somewhat  weaker.  It  pro- 
duces hyperaemia  rather  than  the  ischaemia  of  cocaine, 
and  has  no  effect  on  the  pupil,  accommodation,  or  the 
corneal  epithelium.  In  the  ordinary  dosage  it  is  non- 
toxic, and  is  reported  to  be  well  borne  where  there  is  an 
idiosyncrasy  against  cocaine.  Lilienthal  has  frequently 
used  four  to  ten  grains  without  unpleasant  consequences. 
No  eucaine  habit  is  known.  The  drug  keeps  indefinitely 
and  can  be  sterilized  by  boiling. 

Solutions  of  one-  to  four-per-cent.  strength  in  normal 
salt  are  commonly  employed,  but  stronger  solutions,  ob- 
tained by  heating  the  liquid  and  using  warm,  are  some- 
times preferred.  Von  Mikulicz  uses  the  following:  I^ 
Cocainae  hydrochloridi,  0.5  gm.  (gr.  viiss.);  beta-euca- 
inse  hydrochloridi,  0.5  gm.  (gr.  viiss.);  sodii  chlorldi,  2 
gm.  (gr.  XXX.);  aquae,  q.s.  ad  1,000  c.c.  (|xxxii.). 

W.  A.  Bastedo. 

EXOPHTHALMIC  GOITRE.— (Synonyms:  Graves' 
disease;  Basedow's  disease.)  These  names  have  been 
indifferently  used  during  the  last  sixty  or  more  years  to 
express  a  fairly  well-defined  disease  in  which  more  or  less 
enlargement  of  the  thyroid,  protrusion  of  the  eyes,  and 
certain  nervous  disturbances  (including  tachycardia)  form 
the  prominent  symptoms.  The  Irish  physician,  Graves, 
who  described  the  coexistence  of  palpitation  of  the  heart 
with  enlargement  of  the  thyroid  as  an  affection  more  or 
less  related  to  hysteria,  was  antedated  in  his  observations 
by  Parry,  who  mentioned  the  same  combination  together 
with  exophthalmos  in  1835.  Some  years  later  Basedow 
also  observed  the  existence  of  exophthalmos  in  similar 
cases,  and  gave  the  description  which  has  connected  his 
name  with  the  disease.  Charcot,  too,  in  1844  and  1845 
described  such  cases  at  the  SalpStrifire.  Since  their  time 
an  enormous  literature  has  appeared  in  which,  while  the 
objective  descriptions  remain  very  constant,  the  most  di- 
vergent theories  have  been  advanced  to  account  for  the 
symptoms.  These  we  may  detail  in  discussing  the  eti- 
ology of  the  disease. 

Exophthalmic  goitre  is  an  affection  which  occurs  most 
frequently  in  women,  although  cases  are  by  no  means 
rare  in  which  the  same  phenomena  are  seen  in  men.  No 
very  precise  age  limits  can  be  set,  but  the  majority  of  the 
cases  appear  to  begin  after  the  age  of  pubertj',  and  to  in- 
crease in  number  as  the  climacterium  is  approached,  the 
onset  being  most  frequent,  according  to  Osier,  between 
the  ages  of  twenty  and  thirty.  No  particular  station  in 
life  seems  to  predispose  to  the  disease,  but  it  is  usually 
observed  that  the  individuals  belong  to  neuropathic  fami- 
lies in  which  cases  of  epilepsy,  hysteria,  chorea,  or  even 
some  form  of  insanity  have  occurred.  Combinations  of 
epilepsy  and  exophthalmic  goitre  in  the  same  person 
have  been  described,'  in  which  cases  the  epileptic  seizures 
usually  give  place  to  the  symptoms  of  the  other  disease. 
Exophthalmic  goitre  is  a  very  widespread  disease,  not 
at  all  localized  in  certain  areas,  as  is  the  case  with  other 
forms  of  goitre  and  with  endemic  myxoedema  or  cretin- 
ism.    Indeed,  although  cases  in  which  exophthalmic 
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symptoms  supervene  after  the  long  existence  of  the  ordi- 
nary tjrpe  of  goitre  are  not  unljnown,  the  disease  seems 
to  be  no  more  frequent  in  those  regions  where  goitre  is 
endemic  than  elsewhere,  and  the  coincidence  of  the  two 
conditions  nmst  be  considered  accidental.  Instances  of 
the  coexistence  of  exophthalmic  goitre  with  myxoedema 
have  also  been  observed,^  which,  although  probably 
accidental  and  not  indicating  any  close  relationship  be- 
tween the  two  conditions,  have  a  significance  which  will 
appear  later. 

Symptoms. — The  onset  is  sometimes  very  slow  and 
gradual,  in  other  cases  it  is  extremely  sudden,  and  the 
symptoms  reach  their  maximum  of  intensity  in  a  very 
short  time.  Usually,  but  not  always,  such  an  onset  is 
ascribed  to  sudden  violent  emotional  disturbances,  such 
as  a  fright  or  great  mental  strain,  etc.,  after  which  the 
patient  feels  demoralized  and  incapable  of  effort,  and  the 
palpitation  of  the  heart  and  tremors  begin.  Prominence 
of  the  eyeballs  may  be  the  first  thing  observed,  and  is 
noticed  by  the  friends  before  the  patient  herself  appre- 
ciates it. 

Of  all  the  symptoms  perhaps  the  most  constant  are 
those  referable  to  the  heart  and  circulatory  system  in 
general,  and  these  may  be  considered  under  several 
heads.  First  of  all  and  most  noticeable  is  the  violence 
of  the  heart's  action — a  pounding  heart  beat,  that  may 
sometimes  be  violent  enough  to  keep  the  patient  awake, 
can  be  felt  over  a  wide  area.  Loud  systolic  bruits  can 
often  be  heard  over  the  apex  and  base  of  the  heart  and 
along  the  vessels.  The  pulsation  of  the  arteries  is  ex- 
traordinarily violent  in  many  cases  and  is  readily  visible 
in  the  extremities.  There  is  usually  a  widespread  dila- 
tation of  the  capillaries  also,  and  sometimes  a  venous 
pulsation  can  be  made  out.  The  dilatation  and  violent 
pulsation  of  the  vessels  are  especially  noticeable  over  the 
enlarged  thyroid  and  in  the  eye  grounds. 

Then  next  in  prominence  is  the  tachycardia,  which 
may  rea,ch  the  highest  degree.  Usually  this  develops 
gradually  and  the  pulse  rate  increases  from  normal  up 
to  130  to  150  or  more  in  the  minute.  In  a  case  re- 
cently observed  in  the  Johns  Hopkins  Hospital,  a  rate 
of  200  per  minute  was  maintained  for  days.  The  ten- 
sion in  such  cases  usually  remains  high,  and  the  volume 
full.  F.  Muller3  gives  a  sphygmographic  tracing  in  a 
case  -whose  pulse  rate  at  the  time  was  176,  in  which  this 
is  illustrated,  there  being  a  sharp  initial  elevation  with 
frequent  bigeminal  pulsation.  Recent  researches  seem 
to  show  (Donath,*  Spiethoff=)  that  the  blood  pressure  is 
in  some  cases  increased,  in  some  diminished,  but  by  no 
means  always  increased. 

Variations  in  the  pulse  rate  are  very  marked,  and  ex- 
citement or  exertion  has  a  much  greater  influence  than 
in  a  normal  individual.  In  some  instances  it  is  impos- 
sible to  escape  from  the  idea  that  exhaustion  of  the 
heart  muscle  must  play  a  part  in  the  final  dissolution 
of  the  patient.' 

Referable  to  the  central  nervous  system  more  directly 
we  find  a  variety  of  symptoms,  of  which  perhaps  the 
most  prominent  is  the  tremor.  This  is  involuntary  and 
fine  for  the  most  part,  leading  to  a  rapid  trembling  of  the 
hands,  muscles  of  the  face,  and  indeed  of  any  and  all  ot 
the  muscles  indifferently.  It  is  most  noticeable  to  the 
patient  in  the  attempt  to  perform  delicate  co-ordinated 
movements.  Writing  becomes  difficult  or  impossible, 
and  the  characters  show  a  tremulous  irregularity.  Fi- 
brillary twitchings  of  the  tongue  are  usually  present,  and 
may  be  so  extensive  as  to  produce  a  wave-like  undula- 
tion over  the  surface  of  that  organ. 

The  other  symptoms  referable  to  the  nervous  system 
are  chiefly  psychical.  Early  in  the  disease  the  pati&Qts 
feel  themselves  to  be  irritable  and  excitable,  the 
friends  observe  a  change  of  disposition,  very  diffwent 
from  that  observed  in  the  development  of  myxedema,. 
Instead  of  becoming  sluggish  and  apathetic,  with  all  the 
mental  faculties  dulled,  these  patients  are  keenly  sus- 
ceptible to  every  outward  stimulus  and  the  mental  re- 
action is  a  relatively  intense  one.  In  some  respects  this 
receptive  and  reactive  state  may  resemble  m  a  mild  way 


that  seen  in  the  maniacal  stage  of  the  maniacal-depres- 
sive insanity.  A  feeling  of  anxiety  often  dominates  the 
mental  state,  and  the  excited  patient  becomes  a  prey  to 
groundless  fears.  Insomnia  may  be  persistent,  leading 
to  great  exhaustion.  In  other  cases  fantastic  dreams 
occur  with  great  frequency,  and  may  pass  over  into  the 
waking  state,  so  that  the  patient  has  but  to  shut  her 
eyes  to  see  all  sorts  of  forms  move  about  her,  or 
even  in  broad  daylight  the  hallucinations  may  occur. 
Delirium  and  the  wildest  maniacal  excitement,  or  stupor 
and  even  unconsciousness,  may  come  on  late  in  the 
disease. 

The  exophthalmos  is  not  an  invariable  feature,  al- 
though it  is  very  frequently  present  (Fig.  5148,  A  and 
B) ;  it  may  be  unilateral,  but  is  usually  bilateral.  In 
its  onset  it  becomes,  as  a  rule,  gradually  more  and  more 
noticeable,  but  sometimes,  as  it  is  alleged,  after  a  sud- 
den emotional  shock  it  may  appear  and  reach  a  high 
grade  within  a  very  short  time.  The  actual  extent  of 
the  protrusion  of  the  eyeball  it  is  difficult  to  measure, 
although  methods  have  recently  been  devised  which 
will  render  such  measurements  more  exact.  It  is  most 
noticeable  in  the  widening  of  the  aperture  of  the  lids 
which  it  produces,  and  by  the  staring  expression  which 
it  gives  to  the  face ;  but  it  must  not  be  forgotten  that 
the  individual  variations  in  normal  people  in  this  re- 
spect are  very  great.  In  extreme  cases,  however,  such 
as  one  of  Basedow's,  the  eye  may  be  actually  dislocated 
from  the  orbit.  In  most  cases  it  is  possible  to  press  the 
eye  back  into  its  original  position  during  the  earlier 
stages  of  the  disease,  but  this  may  become  impossible 
later.  Many  consequences  of  this  protrusion  have  been 
noted  in  the  literature,  and  as  signs  of  the  exophthalmos 
they  bear  the  name  of  their  observers.  Von  Graefe,  for 
example,  noticed  that  in  lowering  the  eyes  the  upper 
lid  did  not  follow  and  keep  the  sclera  covered  as  in  the 
normal  eye — the  so-called  von  Graefe's  sign.  Stelwag's 
sign  consists  in  the  widening  of  the  palpebral  aperture ; 
Mobius'  sign,  in  the  lack  of  normal  convergence  of  the 
eyes.  Other  phenomena,  such  as  the  absence  of  wrin- 
kling of  the  forehead  on  raising  the  eyes,  and  the  change 
in  the  ease  with  which  the  upper  lid  may  be  everted,  may 
be  mentioned. 

Pupillary  changes  are  rarely  if  ever  seen,  and  no  defi- 
nite retinal  alterations  have  been  found,  nor  is  there  any 
disturbance  of  sight  from  the  exophthalmos  proper. 
Winking  is  much  less  frequently  carried  out,  however, 
than  in  the  normal  eye,  and  in  cases  in  which  the  eye 
projects  far  from  its  socket  the  eyelids  never  quite  cover 
the  eyeball.  The  consequence  may  be  that  the  proper 
moistening  of  the  surface  is  interfered  with,  and  a  band- 
like area  across  each  eye,  passing  over  the  cornea,  be- 
comes dried  and  opaque.  Ulceration  and  infection  of 
this  dried  area,  which  becomes  wider  with  the  increased 
protrusion,  leads  to  complete  opacity  of  the  cornea  and 
loss  of  vision  in  that  eye.  The  infection  may  even  go  on 
to  involve  the  whole  eye  and  result  in  its  entire  destruc- 
tion. •     1     1     ' 

The  absence  of  pupillary  disturbances  is  particularly 
significant  in  connection  with  one  of  the  theories  as  to 
the  etiology  of  the  disease,  as  will  appear  later. 

No  special  disturbance  of  the  urinary  secretion  seems 
to  occur  with  this  disease,  although  glycosuria  has  been 
observed  in  some  cases  and  polyuria  in  others. 

Digestive  disorder  and  disturbances  of  the  general  me- 
tabolism, however,  are  almost  constant,  and  have  an 
extremely  important  bearing  upon  the  prognosis. 

Loss  of  appetite  is  very  common,  and  the  .patients 
waste  away  perhaps  as  a  result  of  this.  On  the  other 
hand,  a  ravenous,  insatiable  appetite  is  sometimes  ob- 
served, but  strangely  enough  with  the  same  progressive 
emaciation.  F.  Miiller"  describes  most  graphically  this 
curious  phenomenon:  "  The  food  prepared  for  this  pa- 
tient, quite  enough  for  the  nourishment  of  a  robust  per- 
son, was  not  enough  for  her.  and  she  gathered  up  every 
scrap  of  food  that  was  left  by  the  other  patients  m  the 
ward.  One  found  her  almost  always  eating,  and  it  was 
curious  to  see  her,  as  with  wide-open,  eager  eyes    she 
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stared  into  her  plate  and  ceaselessly  chewed  and  swal- 

There  are,  however,  variations  in  this  emaciation,  such 
that  while  at  times  the  patient  loses  rapidly  in  weight 
there  come  periods  during  which  .she  recovers  almost  all 
that  was  lost,  and  Huchard  speaks  accordingly  of  crises 
d'amaigrissement."  The  loss  of  weight  m.ay  be  enor- 
mous and  astoundingly  rapid.  One  of  MiiUcr  s  patients 
lost  fifty  pounds  in  nine  months,  reaching  then  a  weiglit 
of  fifty-four  pounds.  Curiously  enough  the  emacuation 
may  not  be  general  but  limited  to  one  portion  of  the 
body,  either  to  one  side  or  to  the  upper  part,  while  the 
lower  extremities  remain  unaltereil.  Von  Schrottcr '  de- 
scribes such  a  case  in  which  the  very  fat  legs  contrasted 
sharply  with  the  wasted  chest  and  shoulders. 

Diarrhcea,  of  a  most  persistent  character,  is  often  ob- 
served and  may  aid  greatly  in  producing  the  emacia- 
tion. It  seems  possible  that  it  may  be  due  to  an  in- 
creased activity  of  peristalsis  dependent  upon  some  such 
nervous  influence  as  produces  the  general  tremor. 
Studies  of  the  metabolism  in  e.\o])lithalmic  goitre  by 
Miiller  and  others  tend  to  show  that  while  the  assimila- 
tion of  food  proceeds  normally  there  is  an  extraordinary 
increase  in  the  excretion  of  nitrogen  and  other  substances, 
notably  phosphates,  while  the  ab.sorption  of  oxygen  in 
greatly  increased  quantity  indicates  the  augmentation 
of  oxidation  processes. 

Symptoms  from  the  genital  apparatus  are  very  incon- 
stant and  difficult  to  explain.  There  is  sometimes  a 
cessation  of  the  menses,  and  there  have  been  instances  m 
which  pregnancy  has  had  a  favorable  influence  upon  the 
course  of  the  disease. 

Changes  in  the  skin  are  frequent  and  of  many  sorts. 


sensations  of  heat,  accompanied  by  flushing  of  the  skin, 
frequently  occur,  while  the  general  temperature  is  nor- 
mal. Other  changes,  difficult  to  explain,  also  appear, 
such  for  example  as  the  extensive  pigmentation  of  the 
skin,  which  may  be  almost  like  that  observed  in  Ad- 
dison's disease.  An  instance  of  this  is  the  above- 
mentioned  case  of  von  Schrotter.  So,  too,  urticaria, 
erythema,  localized  oedema,  scleroderma,  loss  of  hair, 
swelling  of  joints,  atrophy  and  hypertrophy  of  breasts, 
etc.,  occur,  and  are  u.sually  explained  as  dependent  upon 
disturbances  of  the  tropliic  nerves. 

Dyspnoea  and  labored  breathing  may  come  on,  espe- 
cially after  exertion,  and  occasionally  there  is  a  dry 
cough  which  is  very  wearing,  but  which  seems  not  to 
flepend  upon  any  actual  pulmonary  lesion. 

Finally  the  thyroid  shows  fairly  constant  changes, 
which  are  recognizable  clinically  (Fig.  .5148,  .4  and  B). 
The  enlargement  is  usually  diffuse  and  bilateral,  but 
may  not  be  extreme.  Frequently  it  is  ,so  slight  as  to  be 
hardly  noticeable. 

In  all  cases,  however,  the  thyroid  is  somewhat  in- 
creased in  consistence  and  may  sometimes  become  very 
hard.  The  ve.s.sels  which  course  over  it  are  generally 
widely  dilated  and  pulsate  violently,  and  to  this  great 
vascularity  and  hyper;emia  is  due  in  large  part  the  en- 
largement of  the  gland. 

Pathology. — Numerous  autopsies  hav5  been  per- 
formed on  these  cases,  and  the  most  painstaking  e.xami- 
nation  of  the  viscera  made,  but  as  yet  the  constant 
lesions  are  very  few.  Especial  attention  has  been  di- 
rected to  the  nervous  .system  and  to  the  thyroid,  and 
the  description  of  the  changes  in  these  can  therefore  be 
made  more  minute. 


A.  B. 

Fig,  .'5148.— Case  ut  K,\o|ilitliiilinic  (ioilrc  sliowing  Exoplitliiilmns  and  (Jdltrc.     A,  Front  view  ;  B,  side  view, 


Very  characteristic  is  the  profuse  and  continued  sweat- 
ing, which  is  no  doubt  due  to  the  central  irritation  of 
the  secretory  nerves.  It  is  fre(|uently  such  as  to  bathe 
the  patient  constantly  and  to  keej)  the  skin  in  a  sodden 
condition,  from  which  results  the  increased  electrical 
conductivity  noted  by  Charcot  and  others.     Annoying 


In  the  central  nervous  system  no  definite  constant 
changes  have  been  discerned  in  the  cerebral  cortex  nor 
in  the  lower  portion  of  the  lirain  or  cord.  Only  Mendel* 
and  his  stiulents  have  found  atrophy  of  the  corpus  resti- 
forme  on  one  side  with  a  similar  atrophy  of  the  solitary 
bundle  on  the  other  side,  and  this  he  brings  into  causal 
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connection  with  the  (Usease.  It  is,  however 
constant,  and  it  is  hard  to  exphiin  a  general 
by  a  one-sided  lesion. 

The  sympathetic  gangUa  in  the  neck  have  also  been 
examined  with  great   care,  but  Ehrich,'  who  from  his 


Fig.  5149.— Exophtbalmio  Goitre.     Tlivroid  lobe  in  section  from  case 
Illustrated  in  Fig.  5148. 

cases  was  able  to  find  degenerative  changes,  thinks  them 
entirely  secondary.  Others  find  no  alterations  whatever 
in  these  ganglia  and  nerves,  and  in  several  cases  which  we 
have  examined  these  structures  have  been  quite  normal 
anatomically. 

MuUer  found  degenerative  changes  in  the  trunk  of  the 
vagus  nerve,  but  decided  that  these  were  secondary. 

The  alterations  in  the  heart  are  by  no  means  constant 
nor  characteristic.  Dilatation  is  sometimes  found  at 
autopsy,  hypertrophy  occasionally,  while  degenerative 
changes  are  frequent. 

It  is  in  the  thyroid  that  the  most  characteristic  and 
constant  changes  are  met  with.  The  gland  is  usually 
but  not  always  enlarged,  and  its  consistence  much  in- 
creased. No  adequate  idea  of  the  vascularity  is  gained 
from  the  inspection  of  the  specimen  after  death,  but  at 
operation  it  is  found  to  be  extraordinarily  rich  in  widely 
distended  vessels,  which  pulsate  violently,  and  which 
from  the  friability  of  their  walls  (Kocher,'"  Ehrich") 
render  the  operation  for  the  extirpation  of  the  gland  a 
difficult  one.  The  surface  is  often  somewhat  nodular 
and  the  capsule  thickened.  Section  of  the  gland  shows 
that  it  has  not  the  translucency  and  brownish-red  color 
of  the  normal  gland,  nor  its  gelatinous  elastic  consist- 
ence. Instead  it  is  hard  and  resistant,  and  of  an 
opaque  pinkish-gray  color,  the  cut  surface  having  a 
rather  lobular,  roughened  appearance.  (Figs.  5149  and 
51.50.)  ,         ,    , 

Usually  the  change  is  diffuse  throughout  the  whole 
gland,  but  sometimes  one  lobe  may  be  much  larger  than 
the  other,  and  in  some  cases  the  alterations  described 
are  present  only  in  small  patches  here  and  there  through- 
out a  gland  which  otherwise  seems  nearly  normal.  These 
foci  are  easily  distinguished  by  their  fine  gram  and  by 
their  opacity  from  the  adjacent  coUoid-holdmg  tissue. 
Vol.  VIIL— 32 


.Apparently  this  represents  a  stage  in  the  development 
of  the  lesion,  and  in  most  of  1hf  cases  which  show  it  the 
symptoms  had  existed  only  a  shoi't  lime  before  (he  op- 
eration. Microscopically  the  altered  ai'eas  are  quite 
sharply  demarcated  from  the  rest  and  may  involve  a 
great  number  of  alveoli  or  be  limited  to  very  small  foci, 
including  only  a  few  alveoli  here  and  there.  It  is  difli- 
cult  to  understand  why  the  lesion  should  appeal'  thus  in 
certain  areas  only. 

.Microscopically  there  is  usually  made  out  a  great  in- 
crease in  the  connective  tissue  throughout  the  gland. 
Strands  of  fibrous  tissue  run  through  it  from  the  cap- 
,sulc  and  produce  a  sort  of  indefinite  lobulation.  The 
alveoli  are  no  longer  rounded,  full  of  colloid,  and  lined 
with  low  cubical  epithelium,  but  are  extremely  irregu- 
lar in  size  and  in  form.  As  a  rule  most  of  them  are 
smaller  than  normal,  while  in  the  central  part  of  each 
small  lobule  there  are  larger  alveoli  of  very  irregular 
outline,  sending  out  diverticuli  in  every  direction  and 
encroached  on  by  epithelial  projections  which  extend 
into  their  lumen.  With  some  special  method  of  stain- 
ing the  connective  ti.ssue  it  may  often  be  made  clear 
that  such  a  small  lobule  is  probably  a  .sort  of  colony  in 
which  the  smaller  peripheral  alveoli  are  derived  from 
the  more  centrally  placed  or  are  actually  merely  sections 
of  the  diverticula  oi  the  central  ramifying  alveolus.  This 
alternation  of  large  irregular  alveoli  with  small  ones 
ranged  round  them  is  very  characteristic  and  evidently 
results,  in  part  at  least,  from  the  separation  of  portions 
of  the  central  cavity  in  the  form  of  new  alveoli.  By 
many  authors  papillary  outgrowths  from  the  walls  have 
been  described,  but  Ehrich  claims  that  these  appear- 
ances are  merely  due  to  the  irregular  line  of  section  of 
folds  in  the  wall. 

There  is  much  variation  in  the  size  of  the  alveoli,  the 
distended  irregular  ones  being  frequently  long  drawn 
out  and  sometimes  even  communicating  with  one  an- 
other, while  others  are  .small  and  so  packed  with  cells 
that  there  is  no  real  lumen. 

The  epithelium  becomes  columnar  not    only  in  the 


Fig.  51.i0.— Adenoma  of  Ttiyroid,  or  Colloid  Goitre. 

large  alveoli,  but  in  the  small  ones  as  well,  and  thus  oc- 
cupies so  much  space  that  there  is  but  little  lumen  left. 
Indeed,  the  areas  occupied  by  the  small  alveoli  may  ap- 
pear almost  solid,  so  small  are  their  cavities  and  so  scant 
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the  colloid.  In  most  instances  the  epithelium  is  very 
regular  in  its  form  throughout  and  the  details  ot  its 
structure  can  be  made  out  very  clearly.  The  cells  are 
plump,  with  a  finely  granular  protoplasm  and  a  sharp 
outline.  The  free  surface  is  sharply  marked  and  is 
sometimes  slightly  dome-shaped.  The  nucleus  may 
lie  near  the  base  or  near  the  free  end  of  the  cell.  Mitotic 
figures  are  frequently  to  be  found.  Occasionally  some 
of  the  cells  appear  narrow  and  shrunken  and  biconcave 
in  form,  with  very  deeply  stained  nucleus  and  dark-red 
protoplasm.  These  are  the  so-called  colloid  cells  of  Lang- 
endorff ,  thought  by  him  to  be  especially  concerned  m  the 
secretion  of  colloid,  but  which  seem  to  us  rather  more 
like  the  result  of  some  degenerative  process.  Similarly 
the  extensive  desquamation  of  the  epithelial  cells  which 
one  so  often  sees  in  specimens  removed  at  operation 
seems  to  be  due  to  the  considerable  pinching  and  han- 
dling through  which  the  specimen  unavoidably  passes 
during  the  operation.  In  many  cases  there  occur  in  the 
midst  of  the  altered  thyroid  circumscribed  nodules 
which  have  the  character  of  adenomata  such  as  are  seen 
in  ordinary  goitres— they  are  by  no  means  peculiar  to 
nor  characteristic  of  exophthalmic  goitre. 

In  nearly  all  the  typical  cases  there  are  scattered 
about,  usually  in  connection  with  the  fibrous  strands, 
masses  of  lymphoid  tissue  which  are  sometimes  large 
enough  to  be  conspicuous,  opaque  white  dots  visible  in 
the  fresh  specimen.  In  one  instance  in  which  there  was 
a  cyst  the  numerous  lymphoid  nodules  shone  through 
the  wall  of  the  cyst  very  distinctly.  In  some  cases  they 
are  small  and  indefinite  in  outline  and  are  composed  of 
an  irregular  accumulation  of  lymphoid  cells.  Gener- 
ally, however,  they  are  well-formed  lymphoid  nodules 
with  very  distinct  germinal  centres,  composed  of  con- 
centrically-arranged cells  with  abundant  protoplasm. 
It  seems  probable  that  this  increase  in  the  bulk  of  the 
lymphoid  tissue,  which  is  practically  invisible  in  the 
normal  gland,  is  part  of  the  general  increase  in  size  of 
the  lymphoid  structures  which  occurs  so  often,  especially 
in  the  neck,  but  also  in  the  thorax,  abdomen,  and  retro- 
peritoneal region.  The  superficial  glands  are  usually 
not  so  much  enlarged,  but  the  lymphoid  tissue  in  the 
pharynx,  the  tonsils,  and  the  nodules  in  the  tongue  be- 
come very  conspicuous.  Microscopically  it  is  found  in 
all  these  places,  as  in  the  lymphoid  nodules  of  the  thy- 
roid itself,  that  there  is  a  great  increase  in  the  lymphoid 
cells,  but  also  that  the  germinal  centres  become  very 
large  and  sharply  outlined  and  contain  many  actively 
phagocytic  cells.  The  sinuses  are  usually  filled  with 
wandering  cells.  This  change  in  the  lymphoid  tissue 
has  the  appearance  of  being  a  reaction  to  the  absorption 
of  some  poisonous  or  injurious  material. 

We  may  pass  over  the  histological  details  of  the  proc- 
ess of  secretion  as  observed  in  these  cases  by  Earner, 
Ehrich,  Haemig,  and  others.  Suffice  it  to  say  that 
while  in  some  cases  the  process  of  secretion  seems  active 
enough,  and  the  alveoli  are  filled  with  a  stainable  colloid 
material,  in  the  majority  the  secretion  of  this  stainable 
colloid  is  not  evident,  the  cells  have  become  high  and 
vacuolated,  and  .whatever  secretion  there  is,  is  of  the 
non-staining  or  chromophobe  type  of  Andersson.  The 
alveoli  in  these  cases  are  empty  of  colloid,  and  contain 
only  the  debris  of  cells  and  fine  ragged  strands  of  gran- 
ular material. 

As  to  the  removal  of  the  colloid  material  from  the 
gland  there  is  still  some  doubt.  Many  authors  have  de- 
scribed the  presence  of  a  material  staining  like  colloid 
in  the  lymphatics  and  interstitial  spaces,  while  others 
have  even  declared  its  presence  in  the  veins  and  arteries. 
Thus  Earner  «  explains  the  lack  of  colloid  in  the  follicles 
by  the  rapidity  of  its  export.  Ehrich,  however,  with 
right,  suspects  that  the  colloid-like  substance  in  arteries 
and  veins  is  merely  the  coagulated  serum.  Indeed  he 
denies  that  any  secretion  escapes  from  the  gland,  and 
thinks  the  whole  process  a  retrogressive  one.  Support 
is  lent  to  Ehrich 's  views  by  the  work  of  Oswald  {Vir- 
chow's  Archiv,  1902,  169),  who  finds  a  decreased  per- 
centage of  iodine  in  the  thyroid  in  exophthalmic  goitre, 


and  considers  the  change  a  decrease  in  functional  activ- 

The  thymus,  too,  has  been  found  by  nearly  all  inves- 
tigators to  be  enlarged.  There  are  not  only  the  usual 
scanty  remains,  but  the  mass  of  tissue  is  frequently  seen 
to  be  as  large  as  or  larger  than  that  seen  in  a  child  before 
retrogression  has  taken  place.  Histologically  it  has  the 
same  appearance  as  in  those  earlier  years,  and  the  same 
processes  of  phagocytosis  are  seen  to  be  going  on.  The 
recent  statements  as  to  its  epithelial  nature  make  this 
change  in  the  thymus  especially  interesting  and  deserv- 
ing of  more  attention  than  has  been  accorded  it,  par- 
ticularly since  there  have  been  some  favorable  results 
from  the  administration  of  thymus  extract  in  this  dis- 
ease. 

The  parathyroid  glands  are  sometimes  to  be  found 
attached  to  the  portion  of  the  thyroid  extirpated  at  op- 
eration, even  when  the  greatest  care  is  exercised  to  pre- 
serve them.  In  other  instances  they  were  found  at  au- 
topsy, and  altogether  we  have  had  the  opportunity  of 
"studying  them  in  sixteen  cases.  They  were  practically 
normal  m  all  the  cases.  The  cells  of  all  varieties  found 
in  the  normal  gland  were  seen  in  these,  too,  in  the  usual 
proportions.  In  six  of  the  cases  the  notes  state  that 
there  was  an  increase  in  the  fibrous  stroma,  and  re- 
newed examination  of  these  glands  shows  that  there  is 
•in  some  cases  a  network  of  scar  tissue  running  through 
the  tissue,  just  as  has  been  seen  in  the  thyroid  in  so 
many  of  these  cases.  Otherwise,  however,  the  tissue  in 
these  glands  seems  abundant  and  normal.  On  the  whole 
it  seems  improbable  that  the  parathyroids  have  any- 
thing to  do  with  the  production  ot  the  symptom-com- 
plex of  exophthalmic  goitre  when  we  compare  these  very 
slight  anatomical  lesions  with  the  advanced  changes  in 
the  thyroid. 

As  to  the  hypophysis  cerebri,  there  seem  to  be  few 
recorded  observations.  Haemig  studied  it  in  nine  cases 
and  found  it  quite  normal,  although  in  several  of  the 
cases  the  number  of  chromophile  cells  was  striking.  In 
the  one  case  in  which  we  secured  the  hypophysis  its 
tissue  was  normal. 

The  other  organs  show,  as  far  as  is  known,  no  con- 
stant lesions.  Askanazy  has  described  certain  degenera- 
tive changes  in  the  voluntary  muscle,  but  investigations 
confirmatory  of  his  results  seem  not  to  have  appeared. 

Etiology. — Several  distinct  theories  as  to  the  etiology 
of  the  disease  have  been  proposed,  but  they  all  fail  to 
account  satisfactorily  for  all  the  symptoms. 

According  to  one,  which  has  been  defended  by  Bu- 
schan,  exophthalmic  goitre  is  a  general  neurosis  in  which 
the  psychic  and  vaso-motor  functions  are  predominantly 
affected ;  but  constant  changes  in  the  thyroid  cannot  be 
explained  on  this  idea. 

Mobius  is  the  chief  defender  of  the  theory  of  hyper- 
thyroidization,  in  which  the  thyroid  forms  the  starting- 
point  for  all  the  symptoms.  Certain  authors  have  shown 
that  unpleasant  symptoms — flushing,  tachycardia,  etc. 
— may  follow  the  excessive  administration  of  thyroid 
extract  in  normal  animals,  and  it  has  been  conceived 
that  in  this  disease  the  enlarged  thyroid  is  in  a  state 
of  great  secretory  activity,  pouring  into  the  Ijrmphaties 
tar  more  of  its  secretion  than  normal,  and  thus  bring- 
ing about  the  characteristic  symptoms.  This  view 
seems  further  supported  by  the  results  of  surgical  ex- 
tirpation of  part  of  the  gland — the  relief  of  the  symp- 
toms being  frequent.  Not  all  the  symptoms  can  be  pro- 
duced by  injection  of  thyroid  extract  into  normal 
animals,  however,  nor  can  all  of  the  symptoms  ot  ex- 
ophthalmic goitre  be  relieved  by  extirpation  of  the  active 
gland.  For  example,  the  exophthalmos  can  neither  be 
produced  by  thyroid  extract  nor  always  relieved  by 
thyroidectomy.  There  is  much  in  favor  of  this  theory, 
but  also  several  arguments  opposed  to  it  are  difficult  to 
answer.  The  disease  is  considered  to  be  a  sort  ot  gen- 
eral antithesis  to  the  condition  of  myxcedema,  which  we 
know  to  be  due  to  loss  of  the  thyroid,  and  hence  again 
the  idea  that  such  a  reversal  of  the  symptoms  of  myx- 
cedema must  be  due  to  hyperthyroidization.     But  nis- 
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tologically  we  cannot  say  with  certainty  tliat  the  gland 
is  secreting  actively.  Indeed,  of  the  usual  colloid  we 
see  little  or  nothing  at  all.  The  theory  fails  to  explain 
several  important  symptoms.  The  results  of  the  op- 
eration for  extirpation  of  part  of  the  gland  are  not  uni- 
formly good,  and  indeed  not  especially  better  than  the 
rest  in  bed  and  regular  regime  alone ;  and  finally  cases 
of  exophthalmic  goitre  in  combination  with  myxoedema 
have  been  described — a  condition  which  must  directly 
contradict  and  disprove  the  theory  of  hyperthyroidiza- 
tion. 

Ehrich  thinks  that  the  enlargement  of  the  thyroid, 
and  indeed  most  of  the  other  symptoms,  are  due  to  the 
arterial  hypersemia,  but  he  fails  to  explain  this  itself. 

Mendel's  theory  of  a  lesion  in  the  corpora  restiformia 
falls  on  account  of  the  inconstancy  of  such  a  lesion. 

Finally,  a  theory  has  been  based  upon  the  effect  upon 
the  eyes  of  stimulation  of  the  cervical  sympathetic,  as- 
cribing the  exophthalmic  goitre,  or  at  least  many  of  its 
symptoms,  to  a  lesion  of  the  sympathetic.  Now  it  was 
stated  above  that  lesions  of  the  sympathetic  are  by  no 
means  constant  or  even  common,  but  the  theory  is  not 
plausible  upon  the  face  of  it,  for  the  following  reasons : 
Section  of  the  sympathetic  causes  pallor  of  that  side  of 
the  face,  retraction  of  the  eye,  and  narrowing  of  the 
pupil,  while  stimulation  causes  a  flushing  of  the  face,' 
sweating  on  that  side,  protrusion  of  the  eyeball,  widen- 
ing of  the  palpebral  fissure,  and  dilatation  of  the  pupil. 
Those  symptoms  of  exophthalmic  goitre  might  there- 
fore correspond  with  the  results  of  a  constant  stimula- 
tion of  the  sympathetic,  but  even  then  the  pupillary 
disturbances  are  absent  in  exophthalmic  goitre,  while 
they -form  the  most  striking  consequence  of  stimulation 
of  the  nerve. 

The  nature  of  the  exophthalmos  has  given  rise  to 
much  discussion  in  this  connection.  It  is  by  no  means 
proven  that  it  is  due  to  distention  of  retrobulbar  ves- 
sels ;  nor  can  it  be  shown  that  it  is  due  to  stimulation 
of  the  sympathetic,  perhaps  by  pressure  of  the  enlarged 
thyroid,  for  removal  of  the  goitre  influences  it  very 
little.  Protrusion  of  the  eyeball  is,  however,  not  im- 
possible to  the  normal  individual,  and  experiments  of 
Filehne  >3  and  Durdufi  "  have  shown  that  irritation  of 
the  corpus  restiforme  will  produce  exophthalmos  even 
after  the  sympathetic  is  cut  through.  So  also  Kot- 
schanowski  '*  claims  that  it  may  be  produced  by  stimu- 
lation of  certain  anteriorly  placed  cortical  centres.  Either 
venous  congestion  in  the  orbit  or  sympathetic  stimula- 
tion with  its  effect  upon  MuUer's  muscle  may  produce 
the  exophthalmos,'"  but  it  seems  that  there  is  less  evi- 
dence for  its  production  by  the  accumulation  of  fat  in 
the  orbit. 

The  theory  of  sympathetic  irritation,  being  as  it  is 
without  anatomical  basis,  explains  only  haltingly  a  few 
of  the  symptoms.  It  is  impossible  to  make  the  lack  of 
pupillary  change  agree  with  this  conception,  and  the 
general  tremors,  general  sweating,  and  vaso-motor  dis- 
turbances, as  well  as  the  metabolic  disorders  and  psychi- 
cal symptoms,  are  not  explained  at  all  by  such  a  theory. 

None  of  the  theories  is  entirely  satisfactory  in  explain- 
ing the  phenomena  of  the  disease,  but  in  all  cases  there 
is  a  characteristic  alteration  of  the  thyroid  and  to  a  less 
extent  of  the  lymphoid  structures,  and  aside  from  this 
the  changes  seem  to  be  such  as  might  be  ascribed  to  a 
toxic  substance.  The  question  remains  as  to  what  was 
the  primary  cause  of  the  change  in  the  thyroid  and 
whether  the  appearance  of  the  toxic  symptoms  depends 
upon  this  change.  The  change  is  anatomically  that 
seen  in  compensatory  hypertrophy,  but  it  is  difficult  to 
understand  why  such  hypertrophy  should  arise  and  pro- 
ceed to  excess.  It  seems  possible  that  the  cause  may 
be  some  infection  which  sets  up  a  non-suppurative  thy- 
roiditis destroying  many  of  the  cells  and  leavmg  scars 
throughout  the  gland,  after  which  the  remamder  be- 
comes hypertrophied  and  its  activities  perverted;  but  it 
is  hard  to  comprehend  that  such  a  compensatory  regen- 
eration should  so  overstep  the  normal  as  to  produce 
results  harmful  to  the  organism." 


Course  OF  THE  Disease;  Pnocixosis;  Treatment. 
— The  disease  runs  sometimes  a  very  rapid  course,  ter- 
minating fatally  after  an  illness  of  a  few  days  only.  In 
most  instances  it  drags  on  for  years  and  may  end  in  re- 
covery. The  prognosis  indeed  is  by  no  means  very  un- 
favorable, and  a  considerable  proportion  of  the  cases  get 
quite  well.  There  have  been  cases  reported  in  which 
some  sudden  emotional  shock  is  followed  by  intense 
symptoms,  such  as  have  been  described,  which  after  a 
short  time  disappear  completely.  In  the  cases  in  which 
the  most  intense  symptoms  are  developed,  however,  and 
in  which  the  clinical  picture  is  complete,  recovery  with- 
out surgical  interference  is  rare.  The  greatest  variety 
of  procedures  has  been  employed  in  the  attempt  to  cure 
these  cases.  From  the  medical  point  of  view  none  are 
very  satisfactory.  Rest  in  bed,  freedom  from  emotional 
disturbances,  and  the  regular  regime  of  the  hospital  seem 
to  afford  great  relief  in  many  cases,  and  are  extremely 
important  in  the  cure.  The  tachycardia  is  apparently 
not  influenced  by  digitalis,  although  strophanthus  is  said 
to  have  some  effect.  Ergot  and  belladonna  have  been 
warmly  recommended  by  some  authors,  and  may  do 
some  good.  Electricity,  too,  applied  to  the  spine  and 
peripheral  nerves  has  been  advocated  by  Erb  and  others. 

Based  on  the  remarkable  results  obtained  by  the  ad- 
ministration of  the  thyroid  gland  in  myxoedema  numer- 
ous cases  of  exophthalmic  goitre  have  also  been  treated 
in  this  way  regardless  of  the  theory  of  hyperthyroidiza- 
tion,  but  the  effects  have  been  either  actually  harmful  or 
entirely  negative.  The  cases  in  which  thyroid  therapy 
has  produced  untoward  results  have  therefore  been 
brought  forward  as  a  strong  support  of  the  idea  that  the 
thyroid  is  already  secreting  too  profusely,  and  thereby 
causing  the  symptoms. 

From  the  fact  that  the  thymus  is  usually  found  en- 
larged in  exophthalmic  goitre  extracts  of  thymus  have 
been  given  in  these  cases,  sometimes  with  remarkable 
temporary  results,  but  without  any  permanent  advan- 
tage to  the  patient.  In  the  case  referred  to  above, 
which  occurred  in  the  Johns  Hopkins  Hospital,  admin- 
istration of  the  thymus  extract  reduced  the  pulse  rate 
at  once  from  200  per  minute  to  normal.  When  it  was 
discontinued  the  pulse  rose  again  to  200,  and  was  again 
brought  to  normal  by  the  thymus  extract.  After  a, 
time,  however,  its  effect  disappeared,  and  the  pulse  rate 
remained  high  until  the  death  of  the  patient.  In  an- 
other case  there  occurred  a  remarkable  reduction  in  the 
size  of  the  goitre  during  its  use.  Since  the  parathyroid 
lies  embedded  in  the  thymus  in  the  ox  and  certain  other 
animals,  it  seems  possible  that  it  may  be  included  in  the 
extract  manufactured  from  the  thymus  of  these  animals 
and  may  be  responsible  for  the  above  results. 

Quite  recently  Lanz,'»  Mobius,"  Goebel,^"  Schultes," 
and  others  have  proposed  and  carried  out  a  treatment 
which  is  based  on  other  principles,  and  which  they  claim 
to  be  very  successful.  On  the  idea  that  the  thyroid  is 
concerned  in  the  neutralization  of  poisons  produced  else- 
where in  the  body,  and  that  in  exophthalmic  goitre  it  is 
so  active  that  not  only  does  it  neutralize  these  poisons 
but  further  poisons  the  organism  by  the  excess  of  this 
antitoxin  (?),  these  authors  attempt  to  supply  this  over- 
active thyroid  with  poison  for  neutralization  by  inject- 
ing the  serum  of  thyroidectomized  sheep,  in  which  sup- 
posedly much  of  the  poison  must  have  accumulated,  or 
by  feeding  them  on  the  milk  of  such  thyroidectomized 
animals.  The  chances  for  fundamental  error  in  the  con- 
ception of  this  treatment  seem  very  great,  for  it  is  by  no 
means  proven  that  in  exophthalmic  goitre  the  thyroid  is 
overactive ;  nor,  on  the  other  hand,  is  it  proven  that  the 
function  of  the  thyroid  lies  in  the  neutralization  of  poi- 
sons elaborated  elsewhere. 

In  recent  years  the  surgical  treatment  of  exophthalmic 
goitre  has  become  very  prominent.  It  also  is  based 
upon  the  idea  that  the  enlarged  thyroid  is  overactive  in 
pouring  its  secretion  into  the  lymphatics,  and  the  cases 
are  therefore  subjected  to  the  partial  extirpation  of  the 
thyroid. 

The  operation  is  a  serious  one,  hemorrhage  being  very 
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difficult  to  control.     The  patients  do  not  take  the  anaes- 
thetic well  and  many  have  died  on  the  table. 

Of  late  years,  however,  many  of  these  operationshave 
been  performed  under  a  local  anaesthetic.  Kocher  ""has 
reported  fifty-nine  cases,  in  which  the  results  have  been 
on  the  whole  very  satisfactory,  often  with  almost  com- 
plete or  complete  relief  of  all  the  symptoms.  Usually 
the  exophthalmos  persists  or  disappears  gradually,  and 
often  the  improvement  in  the  symptoms  does  not  imme- 
;  diately  follow  the  operation,  but  appears  later.  Much 
anxiety  has  been  expressed  from  time  to  time  as  to  the 
dangers  of  allowing  the  escape  of  thyroid  secretion  into 
the  wound  during  such  an  operation,  and  the  fever  which 
sometimes  follows  the  operations  has  been  ascribed  to 
this.  Lanz,"  however,  has  shown  experimentally  that 
the  most  violent  crushing  and  laceration  of  the  thyroid 
which  is  then  left  in  situ  is  not  usually  followed  by  any 
rise  in  temperature  nor  by  any  special  untoward  symp- 
toms. 

Ehrich  has  reported  eight  cases  of  operative  extirpa- 
tion of  part  of  the  thyroid  in  exophthalmic  goitre,  but 
is  far  less  enthusiastic  about  the  results.  Many  of  these 
were  not  relieved,  or  suffered  a  recurrence  of  all  the  old 
symptoms  after  a  temporary  relief.  He  thinks  that  on 
the  whole  the  good  results  are  due  mainly  to  the  regular 
regime  of  the  hospital  for  a  time  after  the  operation  and 
to  the  suggestive  effect  of  the  operation. 

In  some  instances  merely  ligation  of  the  vessels  of  the 
thyroid  has  been  performed,  often  with  fa-\^orable  re- 
sults. 

Halsted  at  the  Johns  Hopkins  Hospital  has  oper- 
ated upon  a  large  series  of  cases  with  very  satisfactory 
results,  although,  in  spite  of  the  usual  amelioration  of 
symptoms,  a  complete  cure  seems  not  to  be  achieved 
in  a  considerable  proportion  of  the  cases.  He  has 
described  with  especial  care  the  operative  precautions 
necessary  to  avoid  the  destruction  of  the  parathyroid 
glands  and  the  resulting  tetany.'^ 

Operations  for  the  section  or  removal  of  the  cervical 
sympathetic  trunks  have  been  performed  (Jaboulay,'* 
Balacescu  "),  with  results  which  they  claim  to  be  quite  as 
good  as  those  obtained  by  the  extirpation  of  the  thyroid. 

Recently  another  method  of  treatment  ha,s  been  in- 
augurated by  Rogers  and  Beebe  of  New  York,*'  consist- 
ing in  the  administration  of  a  serum  prepared  by  im- 
munizing rabbits  by  repeated  injections  of  the  thyroid 
substance  from  normal  individuals  or  from  cases  of  ex- 
ophthalmic goitre.  The  serum  of  these  rabbits  is  said 
to  have  the  property  of  greatly  improving  the  condition 
of  the  patient  or  even  of  curing  the  disease— a  property 
possibly  dependent  upon  its  cytolytic  activities  which 
reduce  the  bulk  of  the  thyroid.  Some  remarkable  re- 
sults are  reported  from  the  method  of  treatment. 

\definite  opinion  as  to  the  value  of  these  different 
methods  of  treatment  must,  however,  be  reserved  until 
our  knowledge  of  the  results  is  more  extended. 

William  G.  MacCallum. 
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EYEBALL,  ENUCLEATION  AND  EVISCERATION 
OF.— I.  Enucleation. — By  enucleation  is  meant  a  shell- 
ing of  the  eyeball  out  of  Tenon's  capsule  with  preserva- 
tion of  the  relation  between  the  conjunctiva,  ocular  ten- 
dons, and  the  other  contents  of  the  orbit. 

Hiatory.^ln  1841  Bonnet,  of  Lyons,  first  described 
and  recommended  true  enucleation.  The  operation  had 
been  performed  in  a  very  crude  manner  by  Bartisch,  of 
Saxony,  in  1583,  by  passing  a  sha.rp  spoon  behind  the 
eyeball  and  thus  gouging  it  out  of  Tenon's  capsule. 
Bonnet's  operation  had  the  great  merit  of  preserving  the 
capsule  ot  Tenon  and  disturbing  as  little  as  possible  the 
soft  parts  of  the  orbit.  It  became  justly  popular.  Like 
most  surgical  procedures  it  has  been  variously  modified 
by  different' operators.  During  the  past  few  years  it  has 
been  greatly  improved  and  its  cosmetic  effect  enhanced 
by  suturing  the  tendons  of  the  four  straight  muscles  to 
the  conjunctiva. 

Operation. — The  following  instruments  are  required: 
A  stop  speculum,  fixation  forceps,  toothed  forceps,  stra- 
bismus scissors,  strabismus  hook,  a  strong  pair  of  scissors 
curved  on  the  flat  for  cutting  the  optic  nerve,  a  needle- 
holder,  fine  curved  needles,  and  black  silk  for  sutures. 
A  general  anaesthetic  is  advisable,  although  the  operation 
may  be  performed  under  local  ansesthesia. 

The  lids  being  held  apart  with  a  stop  speculum,  the 
surgeon  incises,  with  strabismus  scissors,  the  conjunctiva 
and  adjacent  fascia  all  ai'ound  as  close  as  possible  to  the 
corneal  margin,  and  dissects  the  same  from  the  sclerotic 
as  far  as  the  insertions  of  the  tendons  of  the  straight 
muscles.  The  tendon  of  each  straight  muscle,  beginning 
with  the  internal  rectus,  is  then,  in  succession,  raised 
upon  a  strabismus  hook  and  secured  with  a  suture  of 
black  silk,  after  which  the  tendon  is  severed  with  stra- 
bismus scissors  as  close  to  the  eyeball  as  possible.  The 
anterior  portion  of  the  eyeball  being  now  free  from  all 
attachments,  may  be  dislocated  forward  by  pressing  the 
stop  speculum  back.  The  curved  enucleation  scissors 
are  next  introduced  with  the  points  closed  and  are  pushed 
backward  between  the  eyeball  and  the  detached  conjunc- 
tiva until  the  optic  nerve  is  felt.  After  the  exact  posi- 
tion of  the  optic  nerve  is  found,  it  is  included  between 
the  blades  and  cut  close  to  the  sclerotic  by  one  strong 
cut.  The  eyeball  now  readily  protrudes  and  is  held  by 
the  fingers  of  the  left  hand,  while  the  tendons  of  the  two 
oblique  muscles  and  all  adherent  tissue  are  severed  close 
to  the  globe.  A  small  ball  of  sterilized  gauze  is  inserted 
in  the  capsule  of  Tenon  for  the  purpose  of  checking  hem- 
orrhage and  of  aiding  the  next  step,  the  suturing  of  the 
tendons  of  the  straight  muscles  to  prevent  their  retrac- 
tion. Each  rectus  tendon  is  now  drawn  forward  and  fast- 
ened to  tlie  margin  of  the  conjunctiva  by  the  same 
suture  which  was  inserted  just  before  the  division  of  the 
tendon.  The  sterile  gauze  should  now  be  removed,  the 
margins  of  the  conjunctiva  and  capsule  of  Tenon  united 
with  several  interrupted  sutures,  and  a  dry  antiseptic 
dressing  applied.  Both  eyes  should  be  bandaged  for 
twenty-four  hours  and  the  patient  kept  in  bed  for  a 
couple  of  days.  The  socket  should  be  washed  out  once 
daily  with  physiologic  salt  solution  until  after  four  or  five 
days,  when  all  dressings  may  be  discontinued. 

'The  technique  of  the  operation,  as  above  described, 
has  been  varisd  by  different  operators.    The  most  impor- 
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taut  variations  relate  to  methods  of  preparing  tlie  stump 
after  enucleation,  which  will  best  secure  motility  of  the 
prothesis  and  furnish  cosmetic  results.  The  foUowina; 
method  has  been  brought  forward  by  G.  F.  Suker- 
After  removing  the  eye,  the  severed  tendons  of  the  recti 
muscles  are  brought  together  by  means  of  the  silk  guides 
and  sutured  one  to  the  other  with  either  catgut  or  silk. 
The  conjunctiva  from  above  and  below  is  then  brought 
over  the  muscle  stump  and  sutured  with  a  continuous  or 
interrupted  suture.  H.  V.  Wurdemann,  who  was  one  of 
the  first  ophthalmologists  to  point  out  the  advantages  of  a 
properly  prepared  stump,  makes  a  pouch  suture  by 
weaving  the  needle  along  the  cut  edges  of  the  divided 
conjunctiva  and  Tenon's  capsule.  In  passing  the  recti 
tendons,  each  one  is  picked  up  on  the  needle. 

H.  Schmidt  has  suggested  the  following  method :  Each 
tendon  of  the  recti  muscles  is  secured  by  a  catgut  suture, 
and,  after  division,  is  fastened  to  a  slit  made  in  the  con- 
junctiva over  the  site  of  the  tendon's  insertion.  The 
opposite  edges  of  the  conjunctiva  are  then  brought  to- 
gether with  a  continuous  suture. 

Priestley  Smith  has  described  the  following  method  of 
suturing  the  tendons  to  the  conjunctiva:  A  narrow  hori- 
zontal fold  of  the  Conjunctiva  over  the  internal  rectus  is 
pinched  up  so  as  to  include  the  subjacent  connective  tis- 
sue and  muscle,  and  a  black  silk  thread  is  carried  through 
these  structures  by  means  or  a  curved  needle.  The  sut- 
ure is  then  tied  firmly  but  not  too  tightly.  A  second 
suture  is  applied  in  like  manner  to  the  external  rectus. 
The  upper  and  lower  recti  may  ba  treated  in  the  same 
way,  but  this  is  of  less  importance.  The  enucleation  is 
then  carried  out  and  the  conjunctival  aperture  may  or 
may  not  be  closed  by  one  or  more  vertical  sutures. 

Complications  and  Accidents. — Hemorrhage,  occasion- 
ally severe  and  persistent,  may  occur  during  the  opera- 
tion or  later.  In  enucleating  an  inflamed  eye,  there  is 
always  a  good  deal  of  hemorrhage,  particularly  where 
there  has  been  extension  of  inflammation  into  the  sur- 
rounding tissue.  The  hemorrhage  in  this  case  is  bene- 
ficial. Hemorrhages  following  an  enucleation  may  re- 
quire repeated  packing  of  the  orbit  with  antiseptic 
gauze.  Occasionally  a  secondary  hemorrhage  occurs, 
when  the  dressings  must  be  removed  and  the  orbit 
packed  with  gauze.  In  these  cases  the  tissues  of  the 
orbit  may  become  greatly  swollen  from  infiltration  with 
blood.  In  chronically  inflamed  eyes,  dense  adhesions, 
binding  the  conjunctiva  and  its  underlying  fascia  to  the 
sclerotic  and  the  tendons  of  the  straight  muscles,  may  be 
encountered.  These  cases  often  require  a  most  careful 
dissection  in  order  to  expose  the  tendons,  but  by  taking 
time  and  keeping  the  sclerotic  always  before  him,  the 
surgeon  may  perform  the  operation  without  accident.  In 
enucleating  an  eyeball  that  has  been  perforated,  or  one 
soft  from  any  cause,  great  care  must  be  taken  to  remove 
it  without  leaving  portions  of  the  sclera  and  choroid  be- 
hind. When  an  eyeball  is  enucleated  because  it  contains 
a  malignant  growth,  the  posterior  orbit  should  be  care- 
fully explored  with  the  finger  and  probe  before  severing 
the  optic  nerve;  and  if  a  tumor  is  found,  it  should  be  re- 
moved along  with  the  e3'eball.  As  much  of  the- optic 
nerve  as  possible  should  be  removed  with  the  globe.  In 
very  rare  cases,  enucleation  has  been  followed  by  fatal 
meningitis,  especially  when  performed  on  an  eye  within 
which  suppuration  was  taking  place.  Up  to  1900  G.  E. 
de  Schweinitz  had  collected  fifty-two  cases  of  fatal  men- 
ingitis following  enucleation,  "thirty -three  of  which 
certainly — and  a  larger  number  probably — had  followed 
enucleation  for  one  stage  or  another  of  suppurative  dis- 
ease within  tlie  globe. "  The  risk  of  a  fatal  termination 
from  any  cause  after  enucleation  is  about  one  in  sixteen 
hundred.  Meningitis  after  enucleation  of  a  non-suppu- 
rating eyeball  is  exceedingly  rare.  In  1898  the  Commit- 
tee of  the  Ophthalmological  Society  of  the  United  King- 
dom could  not  find  a  single  instance  among  10,734  cases 
gathered  from  various  sources. 

Indications  for  Enucleation. — There  are  certain  affec- 
tions of  the  eye  for  the  relief  of  which  enucleation  is  de- 
manded and  cannot  be  replaced  by  any  other  operation. 


Enucleation  is  demanded  in  all  cases  of  malignant  tumor 
of  the  globe  except  in  those  rare  cases  of  tumors  which 
grow  at  the  limbus  and  on  the  conjunctiva  or  iris.  It  is 
also  required  in  cases  of  malignant  tumors  of  the  orbit 
which  cannot  bo  removed  without  sacrificing  the  eye. 
Enucleation  is  to  be  performed  in  those  cases  of  sympa- 
thetic ophthalmitis  in  which  tlie  sight  of  the  exciting  eye 
has  been  lost.  It  is  also  demanded  in  the  cases  of  eyes  so 
injured  that  they  are  likely  to  excite  sympathetic  oph- 
thalmitis, if  two  weeks  or  more  have  elapsed  since  the 
injury;  for  while  enucleation  cannot  prevent  all  cases 
of  sympathetic  ophthalmitis,  it  is  the  operation  which 
holds  out  the  best  chance  for  the  prevention  of  the 
disease. 

On  this  account  enucleation  should  be  performed  in  the 
case  of  an  eye  with  a  wound  so  situated  as  to  involve  the 
ciliary  region,  and  so  extensive  as  to  have  destroyed  the 
sight  or  to  make  its  ultimate  destruction  by  iridocyclitis 
reasonably  certain.  It  is  also  indicated  in  the  case  of  an 
eye  with  a  wound  in  the  ciliary  region,  complicated  by 
severe  inflammation  of  the  iris  or  ciliary  body,  even  if 
sight  is  not  destroyed ;  or  of  an  eye  containing  a  foreign 
body,  which  judicious  efforts  have  failed  to  extract,  and 
in  which  severe  iritis  is  present,  even  if  sight  is  not  de- 
stroyed. Enucleation  is  also  to  be  performed  in  the  case 
of  an  eye  in  which  the  wound  has  involved  the  cornea, 
iris,  or  ciliary  region,  and  in  which  persistent  sympa- 
thetic irritation  in  the  fellow-eye  has  occurred,  or  in 
which  there  have  been  repeated  relapses  of  sympathetic 
irritation;  in  the  case  of  an  eye  long  blind  from  injury 
which  has  become  red  and  painful;  in  cases  of  painful 
phthisis  bulbi,  and  in  those  in  which  the  choroid  has  un- 
dergone calcareous  changes.  Enucleation  is  also  indicated 
in  cases  of  grave  traumatisms  in  which  the  sclerotic  coat 
is  extensively  lacerated. 

Other  affections,  believed  by  many  surgeons  to  require 
enucleation,  but  for  which  one  of  its  substitutes  may  be 
performed,  are:  Eyes  so  injured  that  they  are  likely  to 
excite  inflammation,  which  have  come  under  observation 
within  two  weeks  from  the  time  of  injury;  painful  glau- 
comatous eyes,  unrelieved  by  sclerotomy ;  chronic  painful 
iridocyclitis;  panophthalmitis  without  involvement  of 
the  orbital  tissues.  In  extreme  old  age  enucleation  is  to 
be  preferred  on  account  of  the  recovery  being  smoother 
and  shorter  than  is  usually  the  case  in  evisceration.  The 
same  consideration  may  decide  both  the  surgeon  and  the 
patient  in  favor  of  enucleation  in  the  case  of  a  working- 
man,  especially  where  the  cosmetic  results  are  not  im- 
portant. 

The  Relation  of  Simple  En-ucleation  to  tlie  Wearing  of 
an  Artificial  Eye. — The  artificial  eye  may  be  fitted  as 
soon  as  the  wound  is  entirely  healed,  in  the  second  or 
third  week.  The  following  rules  have  been  adopted  by 
the  Moorfield  Ophthalmic  Hospital,  London,  for  the  guid- 
ance of  patients  wearing  artificial  eyes: 

To  put  the  eye  in :  Place  the  left  hand  flat  upon  the 
forehead,  and  with  the  two  middle  fingers  raise  the  up- 
per lid  towai-d  the  eyebrow ;  then,  with  the  right  hand, 
push  the  upper  edge  of  the  artificial  eye  beneath  the 
upper  lid,  which  may  be  allowed  to  drop  upon  the  eye. 
The  eye  must  then  be  supi^orted  with  the  middle  fingers 
of  the  left  hand  while  the  lower  eyelid  is  raised  over  its 
lower  edge  with  the  right  hand. 

To  take  the  eye  out:  The  lower  lid  must  be  drawn 
downward  with  the  middle  finger  of  the  left  band ;  and 
then,  with  the  right  hand,  the  end  of  a  small  pin  must  be 
put  beneath  the  lower  edge  (jf  the  artificial  eye,  which 
must  be  raised  gently  forward  over  the  lower  lid  when  it 
will  readily  drop  out. 

Patients  very  soon  become  expert  in  introducing  or 
taking  out  artifiical  eyes  and  do  not  require  the  aid  of  a 
pin  in  removing  them.  The  artificial  eye  must  be  re- 
moved every  night  and  carefully  cleansed.  In  selecting 
an  artificial  eye  for  use  after  enucleation  the  various 
forms  of  glass  eye,  proposed  by  Snellen,  are  decidedly 
superior  to  the  older  form  of  a  simple  shell.  The  cos- 
metic effect  of  the  Snellen  reformed  eye  after  a  well-per- 
formed enucleation  is  so  good  that  many  surgeons  believe 
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that  it  renders  unnecessary  the  operations  ■which  have 
been  hrought  forward  as  substitutes  for  enucleation. 

Implantation  of  an  ArtipiciaIj  Globe  in  Tenon's 
Capsule  after  Enucleation  (Frost-Lang  Opera- 
tion). ^The  eyeball  is  enucleated  in  the  ordinary  manner, 
and  after  all  hemorrhage  has  been  arrested  an  artificial 
sphere  is  inserted  within  Tenon's  capsule  for  the  purpose 
of  forming  a  more  prominent  stump  and  giving  it  greater 
activity  an^  mobility.  Glass  and  gold  spheres  are  com- 
monly employed,  more  rarely  celluloid  or  silver  balls. 
■Sterilized  paraffin  injected  into  Tenon's  capsule  has  been 
advocated  by  Ramsay  and  Oatman.  The  capsule  and 
conjunctiva  are  sutured  over  tlie  artificial  ball  with  silk 
sutures,  the  tendons  of  the  straight  muscles  having  first 
been  secured  in  the  manner  described  under  enucleation. 
The  following  method  of  performing  the  operation  has 
been  introduced  by  C.  A.  Oliver:  "The  conjunctiva 
around  the  entire  corneal  limbus  is  freed  from  the  globe 
and  dissected  sufficiently  far  back  so  as  to  expose  the 
tendons  of  the  four  recti  muscles.  The  tendinous  ex- 
tremities of  the  muscles  are  made  ready  for  separation 
from  the  globe.  A  half-curved  needle  with  it^  point 
■directed  toward  the  corneal  border  and  holding  a  long 
piece  of  catgut  thread  is  carried  directly  through  the 
iielly  of  the  internal  or  the  external  rectus  muscle  and 
brought  out  of  the  tendon  of  the  rnuscle  just  behind  the 
remaining  attachment  to  the  globe.  The  muscle  thus 
secured  is  cut  loose  from  the  globe  just  as  in  ordinary 
tenotomy.  The  catgut  thread  is  drawn  through  as  far 
as  practicable,  and  a  sufficient  length  of  the  strand  of  gut 
is  left  untouched  to  allow  a  loop  broad  enough  for  free 
manipulation  between  it  and  the  eyeball.  The  needle  is 
■carried  over  to  the  opposite  side  of  the  cornea,  and  with 
its  point  directed  away  from  the  cornea  is  made  to  trans- 
fix the  tendinous  belly  of  the  other  lateral  muscle,  which 
is  secured  and  freed  from  its  attachment  to  the  eyeball. 
The  vertically  placed  muscles  are  dealt  with  in  a  similar 
manner.  The  four  recti  muscles  are  thus  freed  from 
their  attachments  to  the  globe,  and  each  pair  of  muscles 
secured  by  a  loose  sling,  that  can  be  tied  the  moment 
this  becomes  necessary.  Working  in  between  the  broad 
loops  of  catgut,  attached  to  the  ends  of  the  muscles  that 
are  held  apart  by  an  assistant,  the  eyeball  is  enucleated. 
The  cavity  previously  occupied  by  the  globe  is  thorough- 
ly cleansed  and  a  water-tight  glass  ball,  about  three- 
fourths  the  size  of  the  normal  eye,  is  dropped  into 
place.  The  ends  of  the  lateral  recti  muscles,  which  are 
ipld  by  the  lower  and  first-placed  thread,  are  neatly 
trimmed  and  sutured  together.  The  same  is  done  witli 
the  two  ends  of  the  vertical  straight  muscles.  The  cir- 
cular opening  made  by  the  cut  edges  of  the  conjunctiva 
is  made  into  a  lozenge  by  a  couple  of  horizontal  snips 
and  is  carefully  brought  into  linear  apposition  by  a  series 
of  silk  threads.  The  operative  field  is  covered  by  a 
^auze  protective  bandage  upon  which  ice  compresses  are 
placed." 

Indications  and  Contraindications.— kn  articiflal  globe 
may  be  implanted  in  Tenon's  capsule  whenever  it  is  nec- 
essary to  remove  the  eyeball  completely,  ex(iept  in  cases 
of  malignant  disease,  sympatlietic  ophthalmitis,  suppu- 
ration within  the  globe,  and  in  extreme  old  age. 

Complications.— "i^heae  are:  Hemorrhage,  orbital  cellu- 
litis, sympathetic  irritation,  tearing  out  of  the  stitches 
from  sloughing  with  escape  of  the  artificial  ball,  and  late 
cicatricial  contraction  of  the  orbital  tissues  causing  ex- 
trusion of  the  ball.  AdolphBronner  has  lately  advocated 
the  insertion  of  a  glass  ball  with  a  hole  through  the  mid- 
dle, which  is  covered  in  with  glass  so  as  to  keep  the  ball 
air-  and  water-tight.  By  a  somewhat  elaborate  method 
of  stitches,  this  is  held  in,  and  he  claims  is  less  liable  to 
be  thrown  off  than  a  simple  globe. 

After-Ti-eatmeni.~The  eye  should  be  dressed  with  a 
dry  antiseptic  dressing  and  both  eyes  bandaged.  Care 
should  be  taken  to  avoid  using  pressure  bandages  If 
much  reaction  follows,  it  is  advisable  to  employ  an  ice 
bag  for  the  first  twenty-four  hours.  The  patient  should 
be  confined  to  bed  for  four  or  five  days. 

An  artificial  shell— the  ordinary  or  Snellen's— can  be 


inserted  at  the  expiration  of  a  month  or  six  weeks.  The 
cosmetic  result  is  apparently  no  better  than  that  which 
is  obtained  by  a  properly  performed  enucleation  and  the 
wearing  of  a  Snellen  reformed  eye. 

Implantation  of  a  Piece  of  Sponge  in  tlie  Orbit  after 
Enucleation. — This  procedure  has  been  suggested  by 
Claiborne,  of  New  York,  and  Belt,  of  Washington,  for 
the  purpose  of  gaining  a  more  prominent  stump  and  an 
improvement  in  adapting  prothesis.  The  method  has 
never  come  into  general  use  on  account  of  the  prolonged 
convalescence  and  the  late  results  being  no  better  than 
those  of  a  well-performed  enucleation. 

II.  Evisceration. — In  this  operation  the  cornea  and 
entire  contents  of  the  eyeball  are  removed,  the  sclera 
alone  remaining.  This  procedure  was  first  proposed  by 
Alfred  Graefe,  in  1884,  to  prevent  meningitis  after  the 
removal  of  eyes  affected  with  panophthalmitis. 

The  instruments  required  are  eye  speculum,  fixation 
forceps,  a  Graefe  or  Beer  knife,  strabismus  scissors,  sharp 
spoon,  needle-holder,  small  curved  needles,  catgut  and 
silk  sutures. 

Operation. — After  general  anaesthesia  the  speculum  is 
introduced  and  the  eyeball  steadied  by  grasping  with 
fixation  forceps  a  fold  of  conjunctiva  near  the  corneal 
margin.  The  eye  is  then  transfixed  just  back  of  the  cor- 
neal limbus  with  a  Beer  or  Graefe  cataract  knife,  which 
is  made  to  cut  its  way  out  at  the  upper  or  lower  sclero- 
corneal  border,  so  as  to  include  the  corneal  and  about  1 
mm.  of  the  scleral  margin  in  the  flap.  The  flap  is  now 
grasped  with  forceps  and  the  remainder  of  the  incision 
completed  with  scissors.  The  next  step  is  to  remove  the 
entire  contents  of  the  sclera,  great  care  being  taken  that 
nothing  is  left  behind,  especially  none  of  the  choroidal 
tissue.  The  wound  being  kept  open  by  two  pairs  of  for- 
ceps, a  sharp  spoon-shaped  instrument,  grasping  its  edges 
about  10  mm.  apart,  is  pushed  between  the  choroid  and 
sclerotic  and  carried  sideways  and  deeper  in  order  to  de- 
tach the  whole  contents  of  the  sclerotic,  if  possible  un- 
broken. 

It  is  usually  impossible  to  eviscerate  the  contents  of 
the  globe  as  a  whole.  They  must  be  removed  with 
gauze  sponges  grasped  by  forceps,  which  are  given  a  ro- 
tary movement,  until,  by  scraping  and  wiping,  the  inner 
surface  of  the  sclera  is  made  perfectly  clean.  After  hemor- 
rhage has  been  controlled,  the  cavity  should  be  irrigated 
with  physiologic  salt  solution  and  the  edges  of  the  sclera 
and  conjunctiva  brought  together  by  interrupted  silk  sut- 
ures. If  preferred,  the  edges  may  be  united  by  means  of 
a  suture  similar  to  the  gathering  string  which  draws  shut 
a  tobacco  pouch— a  suture  sometimes  called  the  tobacco- 
pouch  suture,  or  the  purse-string  suture. 

GifEord,  of  Omaha,  whose  experience  in  evisceration 
has  been  unusually  large,  covering  over  one  hundred 
cases,  has  devised  the  following  method  of  operating:  A 
large  conjunctival  flap  is  first  turned  back  and  a  long 
meridional  incision  made  through  the  sclera.  Eviscera- 
tion is  performed  through  this  opening,  leaving  the  cor- 
nea intact.  Giflford  claims  that  the  reaction  is  less  and 
the  stump  better  than  when  the  cornea  is  excised.  The 
latter  shrinks  to  a  mere  patch  on  the  anterior  surface  of 
the  stump. 

The  dressing  after  evisceration  should  be  a  light,  dry, 
antiseJDtic  one.  The  patient  should  remain  in  bed  at  least 
four  or  five  days  with  both  eyes  bandaged.  Cold  appli- 
cations should  be  used  for  a  day  or  two  to  keep  down  the 
reaction.  The  sutures  may  be  removed  in  from  three  to 
four  days.  _  The  recovery  is  commonly  less  smooth  than 
that  from  simple  enucleation,  and  considerable  pain  with 
cedema  and  swelling  of  the  surrounding  tissues  may  fol- 
low the  operation.  The  operation  is  often  performed 
when  the  inflammatory  process  is  already  high,  and  when 
the  orbital  tissues  are  secondarily  involved.  No  cases  of 
meningitis  have  occurred.  Sloughing  of  the  sclera  has 
been  noted,  and  a  painful  stump  may  be  one  of  tlie  com- 
plications. 

Indications  for  Emsceration. — The  operation  having 
been  introduced  by  Alfred  Graefe  as  a  substitute  for 
enucleation  in  cases  of  panophthalmitis,  it  very  naturally 


502 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


Eyeballs 
Eyeball, 


followed  that  this  afEection  at  once  took  front  rank  as  an 
indication  for  evisceration.  Graefe  had  lost  two  patients 
in  1863  from  meningitis  following  enucleation,  and  al- 
most all  surgeons  in  Grermany,  where  his  influence  was 
supreme,  feared  to  enucleate  an  eye  during  the  height  of 
panophthalmitis.  Mauthner  tells  us  that  this  feeling 
went  so  far  that  a  German  operator  even  excused  himself 
for  having  enucleated  two  panophthalmitic  eyes  with  the 
best  results,  because  he  did  not  know  at  the  time  what 
Graefe  had  said  on  this  point.  Writing  in  1878,  Mauth- 
ner graphically  describes  his  own  feelings  on  the  subject. 
"Personally,  "he  says,  "I  stand  in  awe  of  Graefe's  advice 
never  to  operate  if  the  panophthalmitis  is  distinctly  pro- 
nounced. I  have  never  enucleated  an  eye  under  such 
circumstances,  and  I  doubt  if  I  shall  ever  make  up  my 
mind  to  do  so.  The  terrible  apparition  in  von  Graefe's 
cases  impresses  me  so  deeply  that  at  the  very  sight  of  an 
eye  in  a  state  of  panophthalmitis,  and  the  thought  of 
enucleating  it,  the  dread  of  a  fatal  result  is  conjured  up 
before  me." 

Notwithstanding  his  fears,  Mauthner  apparently  had 
very  grave  doubts  regarding  the  justifiability  of  abstain- 
ing from  operation,  and  allowing  suppuration  within  the 
eyeball  to  continue  without  interference.  Meantime,  the 
English  oculists,  under  the  leadership  of  Critchett,  con- 
tinued to  enucleate  during  panophthalmitis  as  compla- 
cently as  though  Graefe  had  never  warned  against  it,  and 
Gunn,  discussing  a  fatal  case  reported  by  Nettleship  in 
1886,  said  that  this  was  the  first  fatal  occurrence  among 
over  a  thousand  enucleations  done  at  Moorfield  Oph- 
thalmic Hospital.  American  ophthalmologists  have 
never  paid  much  attention  to  panophthalmitis  as  a  con- 
traindication for  enucleation,  and  Noyes,  in  a  paper  read 
before  the  American  Ophthalmological  Society  in  1889, 
on  "Enucleation  during  Panophthalmitis,"  says:  "We 
are  certainly  justified  in  performing  the  operation  not- 
withstanding the  warnings  and  alarming  declarations  of 
Prof.  Alfred  Graefe." 

Although  the  risk  of  a  fatal  termination  after  enucle- 
ation during  panophthalmitis  is  so  small  that  the  opera- 
tion may  be  performed  almost  with  impunity,  there  can 
be  no  doubt  that  when  the  purulent  inflammation  has 
extended  to  the  orbital  tissues  evisceration  is  the  safer 
plan.  Staphylomas  of  the  cornea,  especially  when  they 
occur  in  children,  are  well  suited  to  evisceration.  Pain- 
ful, blind,  glaucomatous  eyes,  or  eyes  blind  from  chronic, 
non-traumatic  iridocyclitis,  may  also  be  tafely  evisce- 
rated. This  operation  will  also  be  indicated  in  the  cases 
of  eyes  injured  in  the  anterior  portion  of  the  globe, 
when  all  thought  of  recovery  under  conservative  treat- 
ment has  been  abandoned  within  two  weeks  of  the  time 
of  injury. 

Contraindications. — These  are  malignant  disease,  sym- 
pathetic inflammation,  sympathetic  irritation,  phthisis 
bulbi,  ossified  choroid,  and  foreign  bodies  penetrating 
the  orbit. 

The  Relation  of  Simple  Emsoeration  to  the  Wearing  of 
an  Artificial  Eye.— A.  Snellen  artificial  eye  maybe  in- 
serted during  the  third  or  fourth  week.  The  ultimate 
cosmetic  efl;ect  is  no  better  than,  and  in  some  cases  not 
so  good  as,  that  obtained  after  enucleation  performed 
according  to  modern  technique. 

Evisceration  of  the  Eyeball,  with  Insertion  of 
AN  Artificial  Vitreous;  Mules'  Operation.— Mr. 
Mules,  of  Manchester,  England,  in  1886,  modified  the 
operation  of  simple  evisceration  by  the  introduction  of  a 
glass  ball  into  the  cavity  of  the  sclera.  The  operation  is 
performed  as  follows:  After  general  anaesthesia  a  stop 
speculum  is  introduced  and  the  conjunctiva  freed  all 
around  from  the  corneal  margin  and  dissected  back  as 
far  as  the  equator  of  the  eyeball,  without  disturbing  the 
relations  of  the  muscles.  The  cornea  and  1  mm.  of  _  the 
scleral  margin  are  then  removed  in  the  manner  described 
under  evisceration.  A  triangular  portion  of  the  sclera, 
above  and  below,  should  also  be  removed  to  facilitate 
the  introduction  of  the  artificial  vitreous,  and  in  order 
that  the  coaptation  of  scleral  edges  over  the  same  may 
be  perfect.     Next,  the  contents  of  the  globe  should  be 


removed  in  the  manner  described  under  simple  eviscera- 
tion, and  all  hemorrhage  arrested  by  packing  the  scleral 
cavity  with  dry  sterile  gauze,  or  gauze  soaked  in  hot 
sterile  water.  The  next  step  is  the  introduction  of  a 
thoroughly  sterilized  artificial  vitreous,  usually  of  glass 
or  gold.  A  sphere  of  such  size  that  it  can  be  easily  in- 
serted within  the  scleral  cavity  is  selected.  The  intro- 
duction of  the  sphere  is  best  effected  by  means  of  a 
special  instrument  designed  for  the  purpose  by  Mr. 
Mules.  The  margins  of  the  scleral  opening  are  then 
united  vertically  by  means  of  interrupted  silk  sutures, 
and  the  conjunctival  opening  is  closed  by  another  line  of 
sutures  placed  at  right  angles  to  the  sclerotic  line  of  clos- 
ure. The  greatest  care  must  be  observed  to  secure  abso- 
lute asepsis  during  the  operation  and  at  all  subsequent 
dressings.  A  bandage  which  does  not  make  much  press- 
ure should  be  adjusted  over  a  dry  antiseptic  dressing. 
The  fellow-eye  should  also  be  bandaged  and,  unless  for 
special  indications,  the  dressing  should  not  be  removed 
for  forty-eight  hours.  Should  there  be  decided  reaction, 
iced  compresses  should  be  applied.  The  patient  should 
be  kept  in  bed  for  three  or  four  days  and  both  eyes  ban- 
daged until  there  is  firm  union  of  the  wound.  The  super- 
ficial sutures  should  be  removed  on  the  third  day,  the 
scleral  suture  remaining  permanently. 

Some  surgeons  perform  the  operation  according  to  a 
different  technique  from  that  described  above.  Gifford 
eviscerates  through  a  horizontal  incision  in  the  sclerotic 
according  to  his  special  method  previously  described,  and 
implants  the  artificial  globe  through  this  opening  with- 
out removing  the  cornea.  Some  operators  close  the 
sclerotic  and  conjunctival  wounds  with  the  same  sut- 
ures. 

The  purse-string  suture  is  used  by  some  of  the  best 
operators  for  closing  the  scleral  opening,  after  which  the 
conjunctival  wound  is  closed  with  another  purse-string 
suture.  Some  operators  advise  the  removal  of  the  con- 
junctival suture  at  the  end  of  forty-eight  hours.  Mr. 
Collins,  of  Moorfield  Hospital,  believes  that  many  failures 
of  this  operation  are  due  to  allowing  the  superficial  suture 
to  remain  too  long. 

Indications.— The.  chief  indications  for  this  operation,, 
as  given  by  de  Schweinitz,  are:  Staphyloma  of  the  cor- 
nea and  sclera,  ruptured  or  injured  eyeballs  when  the 
sclera  is  not  too  much  lacerated  and  when  the  accident  is 
of  recent  date,  absolute  glaucoma,  buphthalmos  and  non- 
traumatic iridocyclitis. 

Contraindications.— 'Vhe  following  contraindications 
are  enumerated  by  the  same  authority:  Suppuration- of 
the  eyeball;  morbid  growths;  much  shrunken  eyeballs, 
the  contents  of  which  have  undergone  bony  or  calcareous- 
change;  sympathetic  ophthalmitis;  sympathetic  irrita- 
tion and  pathologic  conditions  of  the  eyeball  which  are 
likely  to  produce  either  of  the  last-named  affections ;  ex- 
tensive injuries  of  the  eyeball,  with  much  bruising  and 
laceration  of  the  sclera ;  dacryocystitis  and  ocular  con- 
ditions demanding  enucleation  or  its  equivalent  in  very 
old  persons. 

Accidents  and  Complications. — The  operation  may  be 
followed  by  excessive  reaction  manifested  by  marked 
swelling  of  the  lids  and  chemosis  of  the  conjunctiva, 
headache,  nausea  and  vomiting,  and  elevation  of  tem- 
perature. It  is  probably  always  caused  by  faulty  tech- 
nique, as  imperfect  asepsis,  failure  to  arrest  hemorrhage, 
the  use  of  strong  antiseptics  and  undue  dragging  upon 
the  optic  nerve.  Sloughing  of  the  sclera  and  consequent 
cutting  out  of  the  stitches  occur  in  about  eight  per  cent. 
of  all  cases.  Extrusion  of  the  artificial  vitreous  within 
the  first  week  or  at  a  much  later  period  took  place  in 
seventeen  per  cent,  of  the  three  hundred  and  sixteen 
cases  in  the  hands  of  thirty  three  different  operators, 
tabulated  by  de  Schweinitz.  The  chief  cause  of  escape 
of  the  artificial  globe  is  failure  of  the  edges  of  the  scleral 
wound  to  unite.  Another  important  cause  of  the  throw- 
ing-out  of  the  glass  ball  is  that  it  may  have  been  too  large 
or  too  small  for  the  scleral  cup.  An  irritable  and  painful 
stump  requiring  removal  has  been  met  with  as  a  compli- 
cation following  the  operation.     Sympathetic  inflamma- 
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tioa  has  been  met  with  as  an  unfortunate  complication  in 
a  number  of  instances.  While  in  most  cases  it  was  duo  to 
the  seeds  of  the  disease  having  been  planted  before  this 
■operation  was  performed,  it  seems  in  several  instances,  as 
in  the  case  reported  by  Carrow,  to  have  been  directly  due 
to  the  operation  itself.  The  report  of  the  committee  of 
"the  Ophthalmological  Society  of  the  United  Kingdom  in 
1898  contains  the  following  statements:  "We  have  not 
found  a  record  of  any  case  of  sj'mpathetic  ophthalmitis 
following  evisceration  without  the  implantation  of  an 
artificial  globe,  and  we  have  collected  records  of  five 
cases  of  sympathetic  ophthalmitis  after  the  operation  of 
evisceration  and  the  introduction  of  an  artificial  globe 
into  the  emptied  sclerotic."  Sympathetic  irritation  has 
been  met  with  on  rare  occasions  and  required  the  re- 
jnoval  of  the  stump. 

Special  Adeantitges  uiih  Relation  to  the  Wearing  of  an 
Artificial  Eye. — After  a  successful  Mules'  operation  the 
motility  of  the  stump  and  artificial  eye  is  usually  better 
than  that  after  enucleation,  the  implantation  of  a  ball  in 
Tenon's  capsule,  or  simple  evisceration.  The  cosmetic 
result  is  extremely  satisfactory,  for  the  natural  contour 
of  the  lids  being  preserved,  there  is  none  of  the  shrunken 
appearance  so  often  presented  by  artificial  eyes.  The 
absence  of  accumulations  of  mucus  aud  tears  adds  to 
the  patient's  comfort  and  satisfaction.  The  high 
percentage  of  failures,  due  to  extrusion  of  the  arti- 
ficial vitreous,  must  be  greatly  reduced  before  the  oper- 
ation can  take  a  permanent  place  in  ophthalmic  sur- 
gery. At  the  present  time  the  prevalent  feeling  among 
-ophthalmologists  regarding  the  operation  of  Slules  is 
■one  of  disappointment. 

Edmund  W.  Stevens. 

FACIAL  HEMIATROPHY.— (Synonyms:  Unilateral 
atrophy  of  the  face;  Progressive  facial  hemiatrophy; 
Progressive  laminar  aplasia;  Facial  trophoneurosis ;  Fa- 
cial circumscribed  atroph}'.) 

The  first  known  description  of  facial  hemiatrophy  is 
that  by  Parry,  written  in  182.5.  In  the  year  1846  Rom- 
berg described  the  condition  more  definitely  and  called  it 
a  trophoneurosis. 

The  disease  con.3ists  of  an  acquired  circumscribed  atro- 
phy of  the  face.  The  atrophy,  involving  soft  tis.sues  and 
Ijone,  follows  a  chronic  course,  and  finally  becomes  spon- 
taneously stationary. 

Something  over  one  hundred  authentic  cases  have  been 
Teported. 

Etiology.  —The  disease  belongs  to  the  period  of  youth. 
Practically  all  of  the  reported  cases  began  before  the 
thirtieth  year.  Women  are  more  frequently  affected 
than  men,  in  the  proportion  of  about  two  to  one.  It  does 
not  appear  that  nationality,  station  in  life,  or  heredity 
ias  any  influence  on  the  development  of  the  syndrome. 
In  the  reported  cases  it  has  followed  typhoid  fever,  mea- 
■sles,  scarlet  fever,  syphilis,  and  other  infectious  diseases. 
It  has  been  observed  in  the  course  of  multiple  sclerosis, 
syringomyelia,  multiple  exostoses  of  the  face  aud  head' 
scleroderma,  insanity,  epilep.sy,  and  hysteria.  It  is  not 
unusual  for  the  patient  to  ascribe  it  to  blows  or  other 
injuries  to  the  face.  In  a  nunibei-  of  cases  the  early 
symptoms  have  been  those  of  a  severe  trigeminal  neural- 
gia. In  one  case  which  I  saw  there  had  been  a  severe 
malarial  infection  one  year  before. 

Pathological  Anato.viy.— Various  theories  have 
been  advanced  in  regard  to  the  lesions  which  may  pro- 
duce facial  hemiatrophy.  Disease  of  the  sympathetic 
nerves,  of  the  peripheral  distribution  of  the  fifth  cranial 
nerve,  of  the  Gasseriau  ganglion,  of  the  nuclei  of  the 
fifth  nerve,  and  of  the  cortex  of  the  cerebrum  have  in 
turn  had  their  theoretical  advocates.  The  principal 
anatomical  evidence  rests  on  the  findings  in  Mendel's 
«a.se ;  this  was  a  woman  wlio  for  fifteen  years  had  suffered 
from  left  facial  hemiatrophy.  The  autopsy  .showed  the 
epidermis  normal  except  for  a  moderate  degree  of  tliin- 
ning,  the  connective  tissue  was  diminished,  the  blood- 
vessels were  few  and  small,  the  fibres  of  the  muscles 
were  somewhat  thinned  without  degeneration  or  nuclear 


changes,  and  the  facial  nerve  was  normal.  In  the  trigemi- 
nus the  connective  tissue  around  and  penetrating  the  nerve 
was  much  thickened.    In  many  places  the  number  of  nerve 
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fibres  was  diminished.  Most  of  the  changes  were  in  the 
second  division  of  the  nerve.  There  was  also  atrophy  of 
the  descending  root  of  the  trigeminus  and  of  the  substan- 
tia ferruginea.  Mendel  believed  that  the  facial  atrophy 
was  due  to  the  prohferative  interstitial  neuritis  of  the  tri- 
geminus. In  this  case  there  was  also  an  atrophy  affecting 
the  left  upper  extremity  and  some  of  the  muscles  of  the 
shoulder  and  back.  To  account  for  this  Mendel  found 
an  interstitial  neuritis  of  the  musculo-spiral  nerve  and  a 
diminution  in  size  and  number  of  the  cells  of  the  anterior 
horn  of  the  cord  at  the  level  of  the  fifth  cervical  nerve. 

The  antecedent  neuralgias  of  the  fifth  nerve  point  to 
this  as  the  site  of  the  lesion.  But  how  many  severe  neu- 
ralgias of  this  nerve  have  we  not  seen  with  no  subsequent 
atrophy?  Section  of  the  posterior  root  of  the  trigeminus 
may  be  attended  by  unilateral  atrophy  of  the  muscles  of 
the  face,  tongue,  and  bones  of  the  face,  and  changes  in 
the  amount  and  color  of  the  hair.  Operarions  on  the 
Gasserian  ganglion  have  been  said  to  be  unattended  ty 
trophic  changes  in  the  skin. 

Other  autopsies  in  patients  showing  facial  atrophy 
have  shown  other  lesions  which  take  them  out  of  the 
group  of  cases  now  under  discussion.  Such  was  Graff's 
case,  which  showed  on  autopsy  a  progressive  nmscular 
atrophy,  and  that  of  Jolly  and  Recklinghausen,  in  which 
was  found  a  disseminated  sclerosis  of  the  brain. 

Symptoms.- Patients  who  develop  facial  hemiatrophy 
usually  present  themselves  to  the  physician  complaining 
of  a  neuralgia  in  the  distribution  of  the  trigeminal  nerve. 
After  this  has  lasted  for  several  weeks  or  months  the 
cardinal  symptom  of  the  syndrome  appears.  This  con- 
sists in  an  atrophy  commencing  in  the  skin  of  the  face. 
There  appears  on  the  face  a  whitish  spot  which  may  soon 
be  followed  by  other  similar  spots.  These  may  extend 
until  they  cover  half  of  the  face,  or  may  be  limited  to  a 
small  area.  Gradually  these  areas  change  in  color  to  a 
yellowish-brown,  while  the  skin  becomes  thin  and 
tightly  stretched  over  the  subcutaneous  tissues.  The  ex- 
tent of  the  atrophy  may  vary  to  a  considerable  degree. 
Fromhold-Treu  indicates  the  varieties  in  his  attempt  to 
classify  them:  (a)  Typical  cases  involving  one-half  of 
the  face.  (S)  Incomplete  cases  involving  a  portion  of 
one  side  of  the  face,  (c)  Double  cases  involving  both 
sides  of  the  face,     (d)  Cases  in  which  other  parts  of  the 
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same  side  of  the  body  are  involved.  Following  the  atro- 
phy of  the  skin  there  is  a  falling  away  of  the  underlying 
tissues.  The  fat  may  totally  disappear,  but  at  times  is 
said  to  be  replaced  after  the  atrophic  process  has  come  to 
a  standstill.  The  frontal,  malar,  upper  and  lower  jaw 
bones  may  atrophy.  The  muscles  supplied  by  the  fifth 
nerve  become  very  thin,  but  their  electrical  reactions  re- 
main normal  and  their  function  is  not  wholly  destroyed, 
though  much  weakened.  The  nasal  cartilages  usually 
-waste;  less  frequently  the  auricle  is  involved.  The  hair 
of  the  head,  eyebrow,  and  beard  may  change  color,  be- 
come thin,  or  fall  out  altogether  on  the  affected  side. 
The  glands  of  the  skin  are  usually  unaffected,  but  anidro- 
sis  has  been  noted  as  well  as  diminished  lachrymal 
secretion.  The  blood-vessels  may  show  through  the 
attenuated  skin,  marking  it  with  an  underlying  network. 
The  tongue  and  gums  are  frequently  atrophied  on  the 
affected  side.  The  tightening  of  the  skin  may  interfere 
-with  the  movements  of  the  jaw.  In  the  one  case  which 
I  have  observed  the  mouth  was  drawn  to  the  normal  side 
ly  the  overactiou  of  the  healthy  muscles.  Taste,  touch, 
and  the  electrical  reaction  are-  usually  normal,  even  in  the 
-wasted  half  of  the  tongue.  The  trigeminal  pain  is  occa- 
sionally associated  with  spasmodic  contractions  of  the 
muscles,  or  with  fibrillary  twitchings.  As  the  atrophy 
advances  the  pain  usually  subsides.  There  may  be  par- 
esthesias or  spots  of  hyperfesthesia  (probably  due  to 
-thinning  of  the  skin).  Autesthesia  and  changes  in  the 
temperature  sense  are  exceedingly  rare.  The  muscles 
supplied  by  the  seventh  nerve  are  usually  unaffected. 
Mills  reports  a  case  in  -which  the  hearing  was  affected, 
probably  on  account  of  an  atrophy  of  the  tympanum. 
T'he  pupil  may  be  contracted;  or.  as  in  Mailhouse'a 
case,  may  be  dilated  and  fail  to  react  to  light  or  accom- 
■modation.  The  eyeball  on  the  affected  side  appears 
prominent  on  account  of  the  atrophy  of  the  surrounding 
tissues. 

CouKSE  AND  Prognosis. — The  disease  is  insidious  in 
Its  origin  and  slow  in  its  development.  It  may  continue 
to  advance  for  two  or  three  years,  but  all  the  cases  ter- 
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minate  spontaneously,  the  majority  at  the  end  of  one 
year  leaving  an  area  of  atrophy  from  which  recovery  is 
unknown  At  the  beginning  one  cannot  predict  the  ex- 
tent or  duration  of  the  atrophic  process;  it  may  involve 
a  narrow  furrow  only,  or  half  of  the  face,  or  even  both 
sides  of  the  face.  As  a  rule  along  and  severe  antecedent 
neuralgia  suggests  a  less  favorable  prognosis.  A  cure  or 
€ven  an  Improvement  in  the  atrophied  parts  is  almost 
iinknown  though  some  competent  observers  have  claimed 
that  in  a  few  cases  the  face  has  filled  out  to  a  moderate 


degree;  this  was  probably  due  to  an  increase  in  the  fat. 
To  the  patient,  however,  cessation  of  the  pain  and  mus- 
cular cramps  is  an  improvement. 

Diagnosis  as  a  rule  is  not  diflicult.  Tlie  points  par- 
ticularly to  be  borne  in  mind  arc  that  the  disease  is  an 
acquired  one,  developing  before  the  thirtieth  year. 
There  is  a  change  in  the  color  of  the  skin  followed  by 
atrophy  ;  the  muscles  usually  affected  are  those  supplied 
by  the  fifth  nerve.  Congenital  asymmetry  and  forms  of 
degeneracy  should  be  easilj'  differentiated.  Confu.sion 
in  cases  of  hemiplegia  and  the  malnutrition  o*  sympa- 
thetic paralysis  is  hardly  possible.  In  Bell's  palsy  the 
muscles  supplied  by  the  seventh  nerve  only  are  affected. 
In  these  muscles  there  is  a  reaction  of  degeneration  to  the 
electric  current,  and  tissues  other  than  muscular  are 
not  involved.  In  the  type  of  progressive  muscular  atro- 
phy which  first  involves  the  face,  the  muscles  alone 
atrophy;  the  skin,  connective  tissue,  and  bone  are  not 
affected.  This  disease,  moreover,  is  progressive,  and 
later  other  parts  of  the  body  are  involved.  Atypical 
cases  of  scleroderma  may  be  confounded  with  facial 
hemiatrophy.  The  skin  of  scleroderma  is  usually  harsh 
and  infiltrated,  while  that  of  facial  hemiatrophy  is 
thinned. 

Treatment. — At  the  present  time  we  know  of  no 
measure  that  will  limit  the  course  of  the  disease.  Neu- 
ralgias following  abscesses  of  the  teeth,  tonsillitis  and 
the  infectious  diseases  should  receive  careful  attention. 
Electricity  and  massage  appear  to  have  no  influence  on 
the  course  of  the  disease  or  in  restoring  the  atrophied  tis- 
sues. No  drugs  which  have  been  tried  have  been  proved 
of  benefit  excepting  in  so  far  that  they  control  the  neu- 
ralgic pains  and  muscular  spasm.  Sachs  suggests  thy- 
roid extract.  The  value  of  this,  as  far  as  I  know,  has 
not  been  demonstrated.  Section  of  the  trigeminus,  on 
the  theory  that  the  nerve  stimulus  is  perverted,  should 
be  considered.  Various  contrivances  have  been  devised 
for  correcting  the  resulting  deformity.  Sachs  has  used 
a  pad  or  rubber  plate  in  the  mouth.  Eckstein  has  im- 
proved the  appearance  with  subcutaneous  injections  of 
paraffin.  T.  Stuart  Hart. 

FACIAL  HEMIHYPERTROPHY  is  a  rare  affection  con- 
sisting of  circumscribed  enlargement  of  one  side  of  the 
face.  The  process  usually  involves  the  skin,  connective 
tissue,  blood-vessels,  muscles,  and  bone.  In  some  cases 
the  skin  is  harsh  and  rough,  while  the  sebaceous  glands 
are  much  hypertrophied  and  clogged  with  an  abnormally 
thickened  secretion  of  gummy  consistence.  The  hair  is 
often  thick  and  coarse.  In  the  case  reported  by  Dana 
the  bones  were  alone  involved  in  the  process;  the  soft 
tissues  were  not  hypertrophied.  The  external  ear  may 
take  part  in  the  enlargement.  Here  either  the  cartilage 
alone  or  all  the  tissues  may  be  involved.  The  hypertro- 
phy may  extend  into  the  mouth  implicating  the  gums, 
soft  palate,  and  jaw.  The  hypertrophy  may  be  limited 
to  a  part  of  tlie  face  on  one  side,  or  may  extend  some- 
what across  the  median  line. 

But  little  is  known  of  causes  underlying  the  condition. 
Of  the  twenty-three  cases  collected  by  Sabrazes  and  Ca- 
banues  eighteen  were  congenital.  In  Schick's  case  the 
hypertrophy  commenced  in  the  second  year  with  no 
known  cause.  In  Berger's  case  there  was  an  obstinate 
antecedent  neuralgia  of  the  fifth  nerve.  Montgomery's 
patient  had  brain  fever  when  two  years  old.  There  was 
no  neuralgia.  "When  nine  years  of  age  the  patient  had  an 
osteomyelitis  of  the  left  maxilla.  About  one  year  later 
hypertrophy  first  appeared  in  the  gums  of  the  left  side. 
In  Dana's  case  the  patient  was  also  affected  with  gigant- 
ism. It  is  probable  that  several  distinct  conditions  have 
been  described  under  the  term  of  hemifacial  hj'pertrophy. 
Among  tiie  theories  advanced  as  to  the  etiolog}'  of  the 
acquired  cases  may  be  mentioned  irritation  of  the  fifth 
nerve  through  its  roots  or  the  Gasserian  ganglion,  and 
chronic  hyperiemia  of  vascular  origin. 

The  enlargement  may  be  first  noticed  in  the  bones, 
particularly  about  the  orbit,  giving  the  eyeball  the  ap- 
pearance of   being  depressed   in  its  socket.     The   bony 
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lij'pertrophy  gradually  extends  until  the  entire  side  of 
the  head  is  included.  In  other  cases  (e.g.,  Montgomery's) 
the  process  may  begin  in  the  soft  parts,  and  the  gums, 


Tig. 
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(After  Sabrazfes 


skin,  sebaceous  glands,  hair,  connective  tissue,  muscle, 
and  the  bones  become  later  involved.  The  enlargement 
of  the  blood-vessels  may  cause  a  reddening  of  the  skin. 
The  flow  of  saliva  may  be  considerably  increased. 

There  are  few  conditions  Tyhich  could  l)e  confounded 
with  hemifacial  hypertrophy.  It  has  been  suggested 
that  it  might  be  mistaken  for  hemifacial  atrophy  of  the 
other  side  of  the  face;  but  anything  more  than  a  cursory 
examination  could  not  fail  to  disclose  the  differences. 

We  know  of  no  cases  in  which  the  hypertrophied  tis- 
sues have  been  replaced  by  normal  ones ;  but  after  a  pro- 
gression covering  a  period  of  several  years  it  is  probable 
that  the  condition  may  become  stationary. 

Treatment  thus  far  has  proved  unavailing,  either  in 
limiting  the  coarse  of  the  disease  or  in  reducing  the 
hypertrophy.  2\  Stuart  Eart. 

FATTY  DEGENERATION.— Tlie  truth  of  Virchow's 
teachmg  that  fatty  degeneration  is  a  process  in  which 
fat  rs  formed  from  the  albumin  of  the  cell  as  the  result 
of  a  splitting-up  of  the  albvunin  molecule  has  been 
thrown  into  doubt  by  the  chemical  studies  of  recent 
years.  Although  the  question  of  the  formation  of  f.at 
from  albumin  cannot  be  said  to  be  absolutely  settled 
the  majoiity  of  investigators  do  not  favor  sucli  an  origin 
for  the  fat  occurring  in  the  cells  in  the  condition  desig- 
nated as  fatty  degeneration.  On  the  other  hand,  the'y 
hold  that  such  fat  is  in  many  cases  only  the  permanent 
fat  of  the  cells,  which  under  normal  conditions  is  not 
visible  microscopically,  but  which  under  certain  patho- 
logical influences  becomes  separated  into  visible  drop- 
lets. Fatty  degeneration  is  in  some  instances,  therefore 
a  fatty  metamorphosis  due  to  a  change  in  the  chemico- 
physical  structure  of  the  cells  whereby  the  invisible  fat 
of  the  cells  becomes  visible.  Tlie  fut  content  of  the 
cells  is  not  changed  during  this  process.  Rosenfeld 
Kraus,  and  others  have  shown  that  tiie  renal  epithelium' 
which  normally  shows  no  fat  microscopically  contains' 
nevertheless,  about  twenty  per  cent,  of  fat  '  In  f-ittv 
degeneration  of  the  kidney  tliere  is  no  increase  in' the 
per  cent,  of  fat  present  in  tlie  cells,  although  fat  apT)ears 
jn  the  form  of  visil)le  droplets.  A  similar  fat  raefam'dr- 
phosis  has  been  shown  to  occur  in  the  a.septic  autolvsis 
of  various  tissues.  In  the  case  of  (;rgans  containiu"^  no 
fat  as  such,  the  latter  may  be  formed  by  the  cheinical 
splitting-up  of  the  lecithin,  cerebrin,  and  prota<>on  tliat 
may  be  present  in  the  cells.  ^ 

In  certain  cases  it  .seems  very  probalile  tliat   tlie  fat 
droplets  of  fatty  degeneration  are  not  formed  from  the 
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invisible  permanent  fat  of  the  cells,  but  represent  a  fat 
brought  to  the  injured  cells  by  the  blood  or  lymph  ia 
the  form  of  free  fat  or  soaps.  No  fat  sjoithesis  takes 
place,  although  the  fat  content  of  the  cells  is  increased. 
Such  a  pathological  taking-up  of  fat  occurs  in  various 
intoxications,  particularly  phosphorus  poisoning.  The 
fat  may  be  that  taken  into  the  body  or  it  may  come  from 
the  fat  depots  from  which  it  is  set  free  by  the  action  of 
the  injurious  agent.  Rosenfeld  and  others  have  shown 
tliat  in  dogs  fed  with  mutton  fat  there  occurs  a  deposit 
of  mutton  fat  in  the  fat  depots.  When  such  dogs  are 
poisoned  with  phosphorus  or  phloridzin  there  occurs  a 
fatty  degeneration  of  the  liver  with  the  appearance  of 
mutton  fat  in  the  liver  cells  in  addition  to  the  dog-fat. 
Leick  and  Winckler  found  the  same  thing  to  be  true  of 
the  heart  muscle  of  such  dogs. 

It  is  impossible  to  say  at  the  present  time  with  cer- 
tainty wliether  the  fat  present  in  given  cells  represents  a 
physiological  or  a  pathological  condition.  The  best  criteria 
for  such  a  judgment  are  the  amount  of  fat  present  and 
its  occurrence  in  localized  areas  or  foci.  In  the  majority 
of  ca,ses,  however,  fatty  degeneration  presents  a  definite 
pathological  picture  and  can  be  easily  recognized  micro- 
scopically. It  bears  always  the  character  of  a  definite 
tissue  injury.  The  appearance  of  visible  fat  droplets 
in  tissues  not  containing  them  normally  is  to  be  regarded 
as  the  manifestation  of  a  chemico-physical  disturbance 
of  the  cell.  Practically,  then,  the  most  important  change 
in  our  conception  of  the  process  is  tlie  recent  view  of  the 
source  and  origin  of  the  fat  concerned  in  the  manifesta- 
tion of  the  tissue  injury.  Although  the  fat  may  not  come 
from  the  albumin  of  the  cell,  the  character  of  the  proc- 
ess still  justifies  the  use  of  the  old  term  fatty  degenera- 
tion, although  in  a  somewhat  different  sense. 

Aldred  Scott  Warthin. 

F(ETUS,  DEVELOPMENT  OF.— Our  knowledge  of 
the  development  of  the  fn?t.us  was  in  an  exceedingly 
fragmentary  condition  until  Wilhelm  His,  the  distin- 
guished German  anatomist,  published  twenty  years  ago 
his  noteworthy  "Anatomie  menschlicher  Embryonen." 

Age.— la  regard  to  the  ages  of  embryos  of  the  first  two 
weeks  much  uncertainty  exists.  Length  is  not  entirely 
reliable,  owing  to  distortions  and  variability  in  size.  In 
attempting  to  determine  age  from  the  last  dav  of  the  last; 
menstrual  period  as  the  date  of  conception,  there  is  often 
the^  difficulty  of  inexact  history.  The  following  table 
indicates  in  a  fairly  accurate  way  the  length  and  ages  of 
embryos: 


Age.  Length. 

Two  weeks 2  nui 

Three  weeks .5    •• 

Four  weeks 8    " 

Five  weeks 11-12    " 

Six  weeks 16    " 

Seven  weeks 20    " 

Eight  weeks 25    " 


Age.  Length. 

Three  montlis 50  mm. 

Four  months 100    " 

Five  months 200    " 

Six  montlis 300    " 

Seven  months  370    " 

Eighth  months 425    " 

Nine  months 500    " 


According  to  Mall  their  ages  in  days  corresponds  to 
the  formula  .\/lOU  X  (length  in  millimetres)  for  all  em- 
bryos from  1  to  100  mm.  long.  Multiply  the  length  of 
the  embryo  from  vertex  to  the  breech  in  millimetres  by 
one  hundred,  and  extract  the  square  root,  and  the  result 
will  be  its  age  in  days.  In  embryos  from  100  to  220  mm 
long  from  vertex  to  breech  their  length  in  millmetres 
equals  their  age  in  days.  Fig.  5154  indicates  the  relative 
sizes  during  the  first  eight  weeks. 

There  are  but  few  good  collections  of  embryos  in  the 
world ;  the  one  at  Leipsic  and  the  one  at  Baltimore  are 
the  most  important. 

In  deveh)pmeiit  it  is  convenient  to  distinguish  the 
three  stages  suggested  by  His.  The  stage  of  the  ovum 
embraces  the  first  two  weeks;  the  embryonal  stage  from 
the  tiiird  to  the  fifth  week,  daring  wliicli  the  priucipal 
organs  are  establislied;  lastly  tlie  fa^tal  stage. 

The  Omim  Stage.— Tbare  are  no  ob.servations  on 
normal  ova  of  the  first  nine  or  ten  days.      It  is  evident 
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from  the  material  of  the  latter  part  of  the  stage  of  the 
ovum  that  there  is  an  early  and  precocious  development 

of  the  chorion  and 
villi. 

The  youngest 
knovjrn  normal 
ovum  was  described 
by  Peters  in  1899. 
It  is  ten  to  eleven 
days  old  and  con- 
sists of  a  vesicle 
3  X  1.5  X  1.5  mm. 
in  size.  A  section 
through  the  entire 
ovum  is  seen  in 
Fig.  5155.  The 
vesicle  is  formed 
by  the  chorionic 
membrane,  consist- 
ing of  an  outer  lay- 
er of  epithelial  cells 
covered  by  numer- 
ous villi  vphich  are 


present.  From  tliese  at  a  later  period  various  struct- 
ures arise.  Prom  the  epithelial  layer  develop  the 
epidermis  of  the  skin  and  its  appendages,  such  as  hairs, 
nails,  sweat  glands,  etc.,  the  central  nervous  system, 
and  portions  of  the  eye  and  ear,  mouth  and  nose. 
Prom  the  middle  or  mesenchymal  layer  develop  the 
skeletal,  muscular,  circulatory,  and  urogenital  systems; 
and  lastly  from  the  inner  or  entodermal  layer,  which 
is  here  represented  by  the  lining  of  the  yolk  sac,  de- 
velop the  alimentary  tract  (pharynx,  oesophagus,  stom- 
ach, and  intestines),  the  trachea  and  lungs,  liver  and 
pancreas,  and  bladder. 

The  next  important  human  ovum  was  described  by 
Spee  in  1896.  It  measures  7  X  5.5  mm.  and  the  embryo 
within  is  0.37  mm.  in  length.  Its  age  is  about  eleven 
days.  The  chorion  is  covered  with  villi  and  lined  with 
mesenchyme  (see  Pig.  5156).  The  embryo  is  attached 
at  one  side  by  a  broad  pedicle,  the  so-called  belly  stalk. 
The  amniotic  sac  is  small  and  is  continuous  with  the  epi- 
thelial plate  of  the  embrj'o,  as  in  the  preceding  ovum. 
The  primitive  streak  is  represented  in  this  embryo  by  a 
slight  groove  along  the  centre  of  the  epithelial  plate. 
Mesenchyme  separates  the  epithelial  plate  from  the  large 


Fig.  5154.  —  Six  Human  Embryos 
taken  from  His'  Standard  Chart. 
Enlarged  three  times.  The  flgures 
In  the  cut  Indicate  the  apes  ot  the 
embryo  in  weeks.  3  Is  His'  embryo 
S  R. ;  3,  embryo  Lr. ;  4,  embryo  A. ; 
5,  embryo  C ;  6%,  embryo  XCI. ;  8, 
embryo  Wt.    (Alter  Mall.) 


in  contact  with  the  uterine 
wall  of  the  mother,  and  an 
inner  layer  of  mesenchyme. 
Attached  to  this  inner  layer  at 
one  side  is  the  small  embryo, 
but  .19  mm.  in  length.  It  is 
apparently  simple  in  struct- 
ure, consisting  of  an  epithelial 
plate  facing  the  small  amniotic 
cavity  lined  by  flat  epithelial 
cells,  which  are  continuous 
with  the  epithelial  cells  of  the 
plate.  On  the  other  side  of 
the  plate  is  a  layer  of  mesen- 
chyme, and  projecting  from 
this  is  the  yolk  sac  lined  by 
entodermal  cells.  The  epithe- 
lial plate  of  the  embryo,  as 
well  as  the  epithelium  of  the 
amnion,  was  probably  at  an 
earlier  stage  continuous  with 
the  epithelium  of  the  chorion 
and  the  embryo,  subsequently 
cut  off  after  its  sinking  down 
or  projecting  into  the  vesicular 
cavity.  One  stage  of  such  a 
process  has  been  found  in  the 
monkey  by  Selenka.  The  pro- 
jecting embryo  is  surrounded 
by  mesenchyme  continuous 
with  that  lining  the  chorion, 
as  well  as  with  that  between 
the  yolk  sac  and  epithelial 
plate. 

Already,  then,  in  the  young- 
est known  ovum  the  so-called 
three  primary  germ  layers  are 


Fig.  5155.— Peters'  Early  OTum.  (Enlarged  about  35  diameters.)  U.B.,  Uterine  epithelium ;  Bl.L., 
lakes  of  blood;  Caps.,  decidua  reflexa ;  O.P.  " Gewebspilz " ;  Dr.,  uterine  glands:  U.Z.,  de- 
cidua  vera:  Tr.,  trophoblasts ;  (3.,  capillaries ;  K.^.,  beginning  embryo;  Bl.Cf.,  large  blood-ves- 
sels ;  Or-h,  point  of  entrance  ot  ovum. 
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Fig.  5156.— Ovum 
6  X  4.5  mm.  (EnlarRed  about 
10  diameters.)  The  left  hall 
of  the  chorion  has  been  re- 
moved to  show  the  embryo, 
a,  Amniotic  cavity  ;  b,  belly 
stalli ;  e,  chorion  ;  c ,  embry- 
onic disc ;  i\  chorionic  villus  ; 
;y,  yolk-sac.     (von  Spee.) 


yolk  sac,  and  a  small  diverticulum  of  the  sac  projects 
mto  the  mesenchjaiial  pedicle,  constituting  tJie  first  trace 
of  the  allantois.  We  thus  see  that  the  embrj'o  in  this 
ovum,  although  about  twice 
as  long  as  the  Peters  em- 
biyo,  shows  very  little  ad- 
vance in  structural  differen- 
tiation. Both  are  in  the 
primitive  streak  stage. 

Spee  also  described  an 
ovum  10  X  8. .5  X  0.5  mm. 
containing  an  embryo  1.54 
mm.  in  length  and  about 
eleven  and  one-half  days  old. 
The  chorion  is  covered  by 
large  branching  villi,  lined 
hy  incsenchyme,  and  attached 
at  one  side  by  a  short  pedicle 
is  the  embryo  (see  Pig.  5143). 
The  primitive  streak  still 
persists,  and  near  its  anterior 
end  the  neurenteric  canal  has 
formed,  tlius  connecting  the 
amniotic  cavity  with  the  yolk 
sac.  All  traces  of  it  are  soon 
lost.  jMore  anteriorly  still 
are  traces  of  two  longitudinal 
ridges,  short  distances  on 
either  side  of  the  median  line.  The.se  are  the  so-called 
medullary  folds  and  are  the  lirst  traces  of  a  differentia- 
tion for  the  central  nervous  s_vstem.  The  allantois  as 
in  the  preceding  cmbrj-o  projects  from  the  yolk  sac 
into  the  pedicle  or  belly  stalk. 

Between  this  stage  and  the  next  one  we  shall  consider, 
the  embryonic  plate  changes  from  a  Hat  discoidal  struct- 
ure to  a  somewhat  cylindrical  body  by  a  bending  ven- 
trally  of  its  lateral  edges,  to  which  the  amnion  is 
attached,  thus  gradually  constricting  the  broad  attach- 
ment of  the  yolk  sac.  At  the  same  time  the  head  and 
tail  ends  begin  to  project  more  and  more,  and  the  yolk 
sac  is  thus  also  constricted  in  an  anterior  posterior  direc- 
tion. Connecting  pockets  of  the  yolk  sac  remain  at  both 
the  head  and  tail  ends  of  the  embrj'o  to  form  the  begin- 
nings of  the  digestive  tract.  During  this  time  the  med- 
ullary folds  have  lengthened  and  grown  toward  each 
other,  so  as  to  meet  in  the  mid -dorsal  line,  thereby  en- 
closing a  central  canal,  the  beginning  of  the  central  canal 
of  the  spinal  cord  and  the  ventricles  of  the  brain.  In  the 
next  oldest  ovum  we  are  to  consider,  which  was  de- 
scribed by  Eternod,  there  was  an  embryo  3.11  mm.  in 
length.  The  medullary  folds 
have  not  only  met,  but  are 
fused  for  a  considerable  por- 
tion of  their  length  to  form 
the  neuial  tube  (see  Pig. 
5158).  The  head  of  the  em- 
bryo now  projects  some  dis- 
tance beyond  the  constricted 
3'olk  ,sac,  and  on  the  ventral 
side  of  this  head  fold  is  a 
slight  invagiiiation  of  the 
ectoderm  for  the  mouth.  Be- 
tween the  mouth  invagina- 
tion and  the  attachment  of 
the  yolk  sac  the  heart  is  in 
the  process  of  development 
from  two  lateral  tubes,  which 
soon  fuse  together  to  form 
the  sim])le  tubular  lieart. 
The  blood-vessels  which  have 
developed  in  the  extra  em- 
lii'yoiiie  area  and  those  that 
have  (levi'lojicd  in  the  body 
of  the  ejubryii  have  now  be- 
come connected  with  the  heart,  and  at  its  head  end  arises 
the  ventral  aorta  dividing  immediately  into  three  paii'S  of 
branchial  arches,  which  jmssarouiid  the  jirimitive  foiegut 
to  unite  beneath  the  medullary  plate  into  the  dorsal  aorta. 


Fia.  .5157.--Embryo  1..54  mm.  in 
Length,  from  the  Dorsal  sur- 
face. (Enlarged  aiiuut  ™U  di- 
ameters.) a,  ^mnion  ;  /;>, 
medullary  groove  ;  ne,  neu- 
renteric canal:  ps,  primitive 
streak ;  y,  yolk  sac.  (von 
Spee.) 


From  the  dorsal  aorta  are  given  off  the  omphalo-mesen- 
teric  and  the  umbilical  arteries.  The  first  veins  to 
develop  are  those  which  accompany  the  first  formed 
arteries,  namely, 
the  omphalo-mcsen- 
t erics,  connected 
Avith  the  yolk  sac, 
and  the  umbilicals, 
connected  with  the 
allantois.  Soon  af- 
ter these  are  formed 
the  veins  within  the 
body  of  the  embryo 
develop,  the  first 
ones  being  the  an- 
terior cardinals,  or 
internal  jugulars 
and  the  inferior 
cardinals,  the  lat- 
ter draining  the 
blood  from  the  cau- 
dal portion  of  the 
body.  An  anterior 
and  a  posterior  car- 
dinal of  each  side 
unite  to  form  the 
ductus  Cuvieri. 
The  two  ducts,  one 
on  either  .side,  pass 
transversely  toward 
the  median  line  and 
open  into  the  sides 
of  the  sinus  veno- 
sus.  The  omphalo-mesenteric  veins  coming  from  the 
yolk  sac  and  the  umbilicals  from  the  allantois  join  the 
sinus  venosus  at  a  slighth'  earlier  date  than  do  the  Cuvi- 
erian  ducts.  At  a  later  stage  we  shall  see  how  this 
primitive  arrangement  is  modified  to  form  the  adult 
condition.  The  j'olk  sac  in  this  embryo  is  somewhat 
constricted  along  its  attachment,  leaving  pockets  of  en- 
toderm connected  with  it  that  lie  in  the  head  and  tail 


Fig.  .5158.  —Reconstruction  of  Embryo  3.11 
mm.  Long.  (Enlarged  about  25  diameters.)' 
al,  Allantois;  am,  amnion;  B,  belly 
stalk  ;  ch,  chorion  ;  /?,  heart ;  nis,  meso- 
dermlc  somite ;  os,  oral  fossa ;  ph,  pha- 
rjTix ;  V.  chorionic  villi ;  Y,  yolk-sac. 
(After  Etemod.) 


Fig.  5139.— ProOle  Reconstruction  of  the  Embryo,  2.1  mm.  Long.  No. 
XII.  X  ;JT  times.  -1)11,  Aiuninu;  OT,  optic  vesicle  ;  ^-IT,  auditory 
vesicle;  tM',  umbilical  vesicle;  H,  heart ;  T03I,  omphalo-mesen- 
teric vein  ;  31U.  septum  traus\  ersuin  :  O3,  tlilrd  occipital  myotome  ; 
C9,  eighth  cervii-al  myotome.     (After  Mall.) 

ends  of  the  embryo.  They  form  the  primitive  foregut 
iind  hindgut.  At  either  side  of  the  neural  tube  the 
mesenchyme  has  become  differentiated  into  eight  prim- 
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itive  segments  or  myotomes,  from  wliich  later  much  of 
tlie  muscular  system  becomes  differentiated. 

A  slightly  older  embryo,  of  about  the  same  length, 
described  by  Mall,  consists  of  an  ovum  measiiring 
18  X  8  X  8  mm.,  and  containing  an  embryo  3.1  jnm.  in 
length.     The  age  is  about  two  weeks  (see  Fig.  Sf)!)). 

Many  important  changes  have  taken  place.  The  em- 
bryo is  connected  to  the  chorion  by  a  thinner  stalk  of 
mesenchyme  containing  the  blood-vessels  that  carry  on 

the  circulation  be- 
tween the  embryo 
and  chorion,  the 
latter  being  in 
close  contact  with 
the  uterine  wall, 
and  thus  afford- 
ing opportunity 
for  nouri.shment 
and  oxygen  to 
pass  from  the 
mother  through 
the  thin  walls  of 
the  villi,  to  supply 
the  rapidly  grow- 
ing embryo  with 
the  essentials  for 
growth  and  life. 
The  embryo  itself 
has  greatly  in- 
creased in  length, 
and  is  curved  into 
a  semicircular 
form.  The  me- 
dullary plate  is 
converted  into  a 
tube  and  the 
groove  into  its 
canal.  At  the  an- 
terior end  of  this 
tube  are  enlarge- 
ments marking 
the  beginnings  of 
the  brain.  The 
remainder  of  the 
tube  forms  the 
spinal  cord.  The 
yolk  sac,  which  is 
covered  by  blood- 
vessels that  communicate  with  those  of  the  embryo,  is 
more  constricted  and  the  fore-  and  hiudguts  are  longer 
than  in  the  preceding  stage.  From  the  foregut  arises  the 
pharynx  with  two  gill  pockets  and  a  thyroid  pocket. 
The  neurenteric  canal  connects  the  hindgut  with  the 
central  canal  of  the  central  nervous  system.  So  while 
from  the  yolk  sac  are  differentiating  the  two  ends  of  the 
alimentary  tract,  the  main  portion  is  still  embodied  in 
the  large  sac.  Near  the  origin  of  the  foregut  is  a  slight 
projection  of  the  yolk  sac  for  the  beginning  of  the 
liver.  In  the  anterior  wall  of  the  yolk  sac,  posteriorly 
to  the  mouth  and  beneath  the  pharynx,  is  the  tubular 
heart.  There  are  now  fourteen  pairs  of  mesenchymal 
segments  or  myotomes — three  in  the  head,  eight  in  the 
neck,  and  three  in  the  thoracic  region.  The  amnion  at 
this  period  forms  a  small  sac  about  the  dorsal  surface 
■of  the  embryo. 

In  an  embryo  described  by  Kollmann  (Fig.  5160),  and 
measuring  2.5  mm.  in  length,  the  edges  of  the  medullary 
folds  have  come  in  contact  throughout  their  entire  length 
«xcept  for  a  short  distance  anteriorly,  and  thirteen  pairs  of 
mesodermic  somites  or  myotomes  are  visible.  The  con- 
striction of  the  yolk  sac  is  even  more  pronounced  than  in 
the  preceding  embryo,  and  the  hind  end  of  the  body  has 
become  defined,  the  belly  stalk  no  longer  seeming  to  be 
a  posterior  continuation  of  the  body,  but  arises  from  the 
ventral  surface.     The  oral  fossa  is  more  marked. 

The  general  shape  of  this  embryo  is  quite  different 
from  that  of  the  preceding  one,  the  embryo  being  nearly 
straight;  and  it  has  proljably  been  distorted,  as  has  also 


Jig.  51tiO.— Embryo  2..5  mm.  Lonff.  (En- 
larged about  3:3  diameters.)  Am,  Amnion ; 
B,  belly  stalk;  (i,  beart;  m,  closed  and 
to',  still  open  portions  of  the  medullary 
groove;  Om.,  omphalo-mesenterlc  vein  ;  05, 
oral  fossa;  F,  yolk  sac.    (Kollmann.) 


the  His  embryo  (Fig.  5101),  as  the  normal  curve  of  the 
medullary  tube  at  this  period  is  jjrobabl}'  somewhat  semi- 
circular, as  seen  in  Figs.  5159  and  5163.  This  so  called 
dorsal  flexui'e,  which  is  often  pictured  in  text-books  as  a 
normal  condition  at  this  stage,  1  have  been  able  to  pro- 
duce in  pig  embryos  of  a  corresponding  stage  by  rough 
handling  while  removing  them  from  the  uterus.  Others 
from  the  same  uterus,  whicli  were  more  carefully  handled, 
do  not  show  such  a  dorstil  flexure,  and  we  naturally  con- 
clude that  similar  treatment  has  produced  a  similar  effect 
in  the  human  embryo. 

The  His  embryo  Lg,  3.15  mm,  long,  contained  in  an 
ovum  15  X  13.5  mm.,  is  the  next  imjiortant  one  to  con- 
sider. Its  age  is  about  fourteen  days.  (Pig.  5161.) 
The  forebrain  has  a  marked  ventral  bend.  Between  the 
forebrain  and  the  heart  is  now  a  well  marked  invagina- 
tion of  the  skin  to  form  the  mouth  cavity.  It  is  not  as 
yet  connected  with  the  pharynx.  Projecting  from  the 
forebnxin  are  the  optic  vesicles,  and  farther  back  are 
invaginations  (jf  the  ectoderm  for  the  internal  ear.  Two 
gill  clefts  and  three  branchial  arches  are  present,  and 
branches  of  the  aorta  pass  through  the  latter.  The 
heart  consists  of  a  much  bent  tube. 

The  branchial  arches  and  clefts  are  of  great  morpho- 
logical importance,  since  they  determine  to  a  large  extent 
the  arrangement  of  the  various  organs  of  the  head  region. 
In  the  human  embryo  four  clefts  and  five  branchial  arches 
appear  on  each  side.     The  last  arch  is  very  indistinct. 

We  thus  see  that  during  the  first  two  weeks,  which 
constitute  the  ovum  stage,  there  has  developed  from  the 
simple  one-celled  ovum  or  egg  an  embryo  with  its  mem- 
branes, the  amnion  and  chorion,  the  latter  having  over 
its  entire  surface  numerous  long  branching  villi,  and  in 
the  embryo  are  already  present  the  beginnings  of  the 
central  nervous  system,  the  alimentaiy  tract,  the  circula- 
tory system,  the  muscular  and  skeletal  sj'Stems,  the  lat- 
ter being  represented  by  the  chorda  dorsalis,  which  has 
differentiated  from  the  dorsal  wall  of  the  entodermal  sac 
and  canal.  The  primitive  urogenital  system  has  also 
begun  to  appear.  The  yolk  sac  remains  throughout  this 
stage  the  dominant  feature  of  the  embryo. 

I'he  Embryonal  Stage. — During  the  third  week  the  em- 
bryo grows  rapidly  in  size  and  attains  a  length  of  about 


FiCt.  5161.— Embryo  Lk.,  2.15  mm.  Lone.  (Enlarged  about  -30  di- 
ameters.) am,  .\mDiou  ;  ZJ,  belly  stalk  ;  C,  chorion  ;  /;,  heart;  1', 
yolk  sac.     (His.) 

4  mm.  The  brain  increases  in  size  and  shows  the  three 
primaiy  divisions.  The  optic  and  otic  vesicles  become 
more  prominent.  Two  more  gill  clefts  and  three  more 
gill  arches  appear  caudal  to  the  ones  already  formed. 
The  attached  area  of  the  yolk  sac  has  diminished.     The 


509 


Foetus. 

Foetus. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


mouth  cavity  communicates  witli  tlie  pharj'DX.  By  tlie 
twenty-first  day  the  limb  buds  appear  (see  Fig.  51C3). 
Internally  the  heart  is  enlarged  and  takes  the  form  of  an 
S-shaped  tube.     From  the  aorta  now  arise  live  pairs  of 
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Fig.  6163.— Embryo  Lr.,  4.2  mm.  Long.  (Enlarged  about  23  diame- 
ters.) am.  Amnion  :  ai(,  auditory  capsule ;  B,  belly  stalk ;  h,  heart ; 
Lly  lower  and  VU  upper  limb;  F,  yolk-sac.    (His.) 


arteries  which  pass  through  the  five  pairs  of  gill  arches, 
joining  on  the  dorsal  side  of  the  pharynx  into  the  com- 
mon dorsal  aorta. 

By  the  narrowing  of  the  attachment  of  the  yolk  sac 
more  of  the  primitive  gut  has  been  folded  off,  so  that 
now  the  foregut,  midgut,  and  hindgut  are  to  be  distin- 
guished. In  the  foregut  can  already  be  made  out  the 
pharynx  with  its  diverticula,  the  ffisophagus,  and  the 
stomach.  Of  the  pharyngeal  diverticula  there  are  four 
pairs  of  gill  pockets  corresponding  to  the  gill  clefts  on 
the  external  surface  and  separated  from  the  gill  clefts  by 
a  thin  membrane.  The  diverticulum  for  the  respiratory 
tract  has  begun  to  bud  from  the  oesophagus.  The  first 
indication  of  the  lungs  and  trachea  is  found  in  embryos 
of  about  3.2  mm.  in  length  in  the  form  of  a  groove,  the 
pulmonary  groove,  along  most  of  the  ventral  surface  of 
the  CESophagus.  During  the  embryonal  stage  this  groove 
deepens  especially  toward  the  stomach,  where  it  ends  in  a 
a  rounded  projection,  which  lengthens  and  gives  oil 
branches.  These,  by  repeated  branching,  give  rise  to  the 
various-sized  bronchi  and  the  epithelial  portion  of  the 
lungs.  The  pulmonary  groove  gradually  becomes  con- 
stricted off  from  the  oesophagus  to  form  the  trachea.  At 
the  upper  end,  however,  it  remains  open  into  the  pharynx, 
in  the  region  of  the  fourth  branchial  diverticulum,  to  form 
the  glottis.  The  midgut  gives  rise  to  the  small  intestine 
and  to  a  portion  of  the  large  intestine.  From  it  have 
arisen  diverticula  which  give  rise  to  the  liver  and  pan- 
creas. The  hindgut  gives  rise  to  the  rest  of  the  large  in- 
testine and  to  the  rectum. 

The  primitive  urogenital  system  has  appeared  as  two 
longilmdinal  ridges  projecting  into  the  ccelom  along  its 
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dorsal  wall,  one  at  either  side  of  the  median  line  in  the 
posterior  half  of  the  embryo.  This  ridge  contains  the 
Wolthan  duct,  the  pronephros  with  its  two  tubules  and 
rudimentary  glomeruli.  The  Wolffian  duct,  which  is  the 
first  to  appear,  develops  from  the  mesenchyme,  and  ex- 
tends from  the  heart  region  to  the  cloaca.  Soon  after  the 
non-functional  pronephros  is  formed,  the  mesonephros 
begins  to  develop  and  its  tubules  join  the  Wolffian  duct. 
The  mesonephros  is  a  much  more  important  structure 
than  the  pronephros,  and  we  shall  consider  it  again  later. 
The  beginning  of  the  Mullerian  duct  is  also  present  at 
this  stage. 

During  the  fourth  week  growth  is  relatively  more  ac- 
tive than  at  any  other  time,  except  during  the  very  early 
stages  of  the  first  week  or  ten  days.  The  embryo  about 
doubles  in  length,  and  attains  a  length  by  the  end  of  thia 
week  of  about  6  or  7  mm.  During  the  first  part  of  the 
week  the  embryo  becomes  very  much  flexed,  so  much  so 
that  the  head  and  tail  nearly  touch.  The  brain  vesicles 
are  better  developed,  as  are  also  the  gill  clefts  and  arches, 
the  eyes,  ears,  and  nasal  pits.  The  heart,  which  is  much 
enlarged,  lies  in  the  cervical  region,  near  the  mouth,  and 
products  with  the  liver,  which  is  now  of  considerable  size, 
a  large  ventral  bulge.  The  simple  tubular  heart  with  its 
single  cavity  is  rapidly  changing  into  a  compHcated  four- 
chair '>ered  structure  with  imperfect  partitions.  By  the 
end  of  the  fourth  week  (see  Fig.  5163)  the  anterior  en- 
larged portion  of  the  head  has  become  bent  at  right  angles 
to  the  main  axis  of  the  body.  From  the  first  gill  arch  a 
maxillary  process  is  developing  which  will  ultimately 
form  a  portion  of  the  upper  jaw.  From  the  main  portion 
of  the  arch  will  form  the  lower  jaw.  The  limb  buds  have 
increased  in  size.  The  arm  bud  projects  from  the  cer- 
vical region  and  the  leg  bud  from  the  lumbar  region. 
The  yolk  sac  is  very  small  and  the  amniotic  sac  is  much 
enlarged.  During  the  early  part  of  the  fourth  week  the 
intestinal  tube,  composed  of  its  several  characteristic  seg- 
ments, lies  in  the  sagittal  plane  attached  to  the  dorsal 
wall  of  the  body  cavity  by  the  straight  primitive  mesen- 
tery. Toward  the  last  of  the  week  rapid  growth  takes 
place,  the  intestine  lengthens,  and  becomes  coiled  and 
twisted. 

The  nerves  have  begun  to  grow  from  the  medullary 
tube  or  central  nervous  system  into  the  mesenchyme. 
Plexuses  are  forming,  but  the  nerves  are  not  attached  to 
their  end-organs.  There  are  now  thirty-eight  primitive 
segments  or  myotomes  which  have  been  formed  from  the 
mesenchyme  lateral  to  the  spinal  axis.  Muscle  fibres  are 
beginning  to  differentiate  from  the  cells  of  these  seg- 
ments. Their  ventral  ends  have  begun  to  grow  into  the 
primitive  abdominal  wall  formed  by  the  growing  around 
of  the  amnion.  Condensed  mesenchyme  marks  portions 
of  the  vertebral  column.  In  the  arm  bud  the  mesen- 
chyme is  beginning  to  differentiate  to  form  the  skeletal 
core  of  condensed  mesenchyme.  The  Wolffian  ridge  has 
increased  in  size  and  the  Mullerian  duct  is  now  formed 
and  runs  parallel  with  the  Wolffian  duct.  A  diverticu- 
lum from  the  lower  end  of  the  Wolffian  duct  near  the 
cloaca  indicates  the  beginning  of  the  permanent  kidney 
and  its  duct,  the  ureter.  On  the  Wolffian  ridges  are  also 
seen  the  first  traces  of  the  sexual  glands,  but  they  are  in- 
different in  type,  and  not  until  the  fifth  week  can  sex  be 
determined  by  microscopical  examination. 

By  the  middle  of  the  fifth  week  the  embryo  is  9  mm. 
in  length.  The  amniotic  sac  is  now  so  much  enlarged 
that  it  is  everywhere  in  contact  with  the  chorion.  A 
true  umbilical  cord  of  some  length  has  developed  by  the 
enclosure  of  the  entire  belly  stalk  and  yolk  stalk  within 
a  tubular  prolongation  of  the  embryonic  ectoderm  and 
somatic  mesoderm  of  the  embryo.  The  embryonic  ecto- 
derm at  the  end  of  the  cord  is  continuous  with  the  extra 
embryonic  ectoderm  of  tlie  amnion,  and  the  somatic  meso- 
derm with  that  of  the  amnion,  which  is  in  contact  with 
that  of  the  chorion.  So,  strictly  speaking,  the  umbilical 
cord  is  a  portion  of  the  embryo,  the  amnion  having  been 
carried  farther  and  farther  from  the  umbilicus  by  exten- 
sion of  the  embryonic  ectoderm.  The  head  is  as  large  as 
the  rest  of  the  body,  and  bent  at  right  angles  to  it.     Its 
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large  size  is  due  to  the  rapid  growth  of  the  brain.  Tlie 
three  primary  divisions  of  the  bi'ain  are  more  marlied  and 
bent  upon  each  other.  From  tlie  forebrain  the  cerebral 
hemispheres  liave  begun  to  grow.  The  spinal  cord  forms 
a  thick-walled  tube  of  nervous  tissue.  The  various  cra- 
nial and  spinal  nerves  now  extend  some  distance  into  the 
body  and  the  motor  nerves  of  the  head  and  shoulder  reach 
the  premusele  masses.  The  rami  communicantes  are  al- 
ready present  at  this  stage  and  connect  with  the  sympa- 
thetic cord.  The  latter  forms  a  continuous  cohmin  of 
cells  in  front  of  the  vertebra;,  and  lias  not  as  yet  sepa- 
rated into  ganglia.  The  S3'mpathetic  nerve  cells  have 
reached  this  position  by  migration  from  the  ganglia  of 
the  dorsal  roots. 

At  about  this  time  the  suprarenals  commence  their 
development  and  are  found,  at  the  beginning  of  the  third 
month,  occupying  their  characteristic  position  as  a  cap 
fitted  over  the  head  of  the  kidney.  They  rapidly  acquire 
a  very  large  size  and  at  birth  have  their  permanent  vol- 
ume. There  is  no  developmental  relation  between  the 
suprarenals  and  the  kidue}'.  The  suprarenals  are  pr(jb- 
ablj'  derived  partially  from  the  mesonephros  and  par- 
tially from  the  sympathetic  nervous  system,  the  latter 
giving  rise  to  the  medullary  portion  and  the  former  to 
the  cortical  portion. 

The  gill  clefts  and  arches  are  undergoing  marked 
changes.     From  the  first  arch  the  upper  and  lower  jaws 


FIG.  5163. -Reconstruction  of  Embryo  No.  II.,  Johns  Hopkins  Univer- 
sity Collection.  (Enlarged  1'  times.)  V  and  X.  Fifth  and  tenth 
cranial  nerves ;  1.  2,  .3,  and  4,  cast  ol  the  branchial  pockets  ;  1  and 
8,  first  and  eighth  cervical  nerves,  Irom  the  fourth  the  phrenic  arises  ; 
J2,  twelfth  dorsal  nerve;  ,1,  auricle ;  F,  ventricle;  L,  lung;  N 
stomach;  P,  pancreas;  IT'  A  Wolffian  body ;  ii,  kidney;  lU, 
mesentery;  S  T,  septum  transversum;  0,  openings  which  com- 
municate with  the  peritoneal  cavity  of  the  opposite  side.  The  black 
line  around  the  heart  marks  the  pericardial  cavity.     (After  Mall.) 

are  developing.  From  the  first  cleft  the  external  auditory 
canal  and  ear  drum  are  forming,  and  from  the  pharyngeal 
portion  of  the  cleft  the  Eustachian  tube  and  middle  ear. 
The  malleus  and  Incus  of  the  ear  arise  from  the  dorsal 


portion  of  the  cartilage  of  the  first  gill  arch,  and  from  its 
ventral  portion  Meckel's  cartilage.  From  tlie  second 
arch  are  forming  the  stapes,  styloid  process,  and  the  hyoid 
apparatus,  to  which  later  the  tongue  muscles  become  at- 
tached. The  remaining  arches  and  clefts  are  beginning 
to  disappear  by  sinking  into  the  depth  of  the  neck,  re- 


FIG.  .5164.— Lateral  View-  of  a  Human  Embryo  9  mm.  in  Length  and 
About  Four  and  One-half  Weeks  Old.  No.  CLXIII.  Johns  Hopkins 
University  Collection.  (Enlarged  about  8  diameters.)  The  areas 
from  which  the  skin  has  been  removed  are  drawn  from  recon- 
structions, the  remaining  portions  from  excellent  photographs. 
The  myotomes  are  growing  into  the  body  wall.  Portions  of  the 
premusele  masses  of  the  arm  are  seen  and  also  the  preskeletal  tissue 
of  the  arm  and  leg  with  the  beginnings  of  the  lumbar  sacral  plex- 
uses.   (After  Bardeen     and  Lewis.) 


maining  connected  with  the  surface,  however,  by  a  deep 
sinus,  the  so-called  cervical  sinus.  Occasionally  one  may 
persist  to  adult  life  as  a  sinus  or  cyst.  The  arm  and  leg 
are  enlarged  and  show  two  .segments  (see  Fig.  5164). 
The  skeletal  system  consists  of  a  condensed  mesenchymal 
tissue  and  precartilage.  The  premusele  masses  of  the 
head  and  arm  are  differentiating  from  the  mesenchyme. 
Those  of  the  trunk  arising  from  the  myotomes  contain 
muscle  fibres  and  are  more  advanced,  while  those  of  the 
limbs  appear  to  develop  in-  situ  about  the  preskeletal 
mesenchyme,  and  show  no  fibrillation  The  heart  still 
lies  close  to  the  mouth  in  the  neck  region.  It  is  much 
changed  in  shape  and  is  iraperfectlj'  four-chambered. 
The  truncus  arteriosus  is  undergoing  division  into  two 
tubes  by  the  formation  of  the  aortic  septum. 

The  modification  of  the  primary  arterial  system  is 
progressing  rapidly.  The  main  portions  of  the  first  two 
arches  have  disappeared,  giving  rise  with  the  third  arch 
to  the  common  carotids  and  their  branches.  From  the 
last  arch  the  pulmonary  arteries  are  developing,  and  from 
the  fourth,  which  seems  to  be  a  combination  of  the  fourth 
and  fifth,  develop  the  large  aortic  arch  on  the  left  side 
and  innominate  and  subclavian  on  the  right  side.  The 
latter,  however,  still  retains  its  connection  with  the  dor- 
sal aorta,  giving  a  condition  found  in  reptiles.  The  im- 
portant connection  of  the  last  arch  on  the  left  side  with 
the  aorta  remains  of  large  size,  and  that  portion  of  it  be- 
tween the  pulmonary  artery  and  the  aorta  forms  the  duc- 
tus arteriosus,  a  very  important  fatal  structure,  as  it  en- 
ables the  venous  blood  from  the  right  side  of  the  heart  to 
passinto  the  aorta  without  going  through  the  lungs.  The 
growth  of  the  liver  has  also  been  an  important  factor  in 
bringing  about  modifications  in  the  venous  system.  With 
the  diminution  of  the  umbilical  vesicle  the  extra  embry- 
onic portion  of  the  omphalo-mesenterics  disappears,  but 
the  embryonic  portions  of  the  two  veins  form  the  portal 
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system.  Of  the  two  umbilical  veins,  the  left  persists  en- 
tire to  form  the  single  umbilical  vein  of  the  embryo  and 
cord  The  right  umbilical  vein  degenerates  into  an  un- 
important vein.  The  presence  of  the  liver  has  also 
modified  the  proximal  ends  of  the  umbilical  veins.  1  he 
left  one   becomes  divided   into   a  capdlary   net,  whicU 


Fig  .51&5  —Lateral  View  of  a  Human  Embryo  11  mm.  in  Lengtli 
and  About  Five  Weeks  Old.  No.  CIX.,  Jolins  Hopkins  University 
Collection.  (Enlarged  about  7  diameters.)  Tlie  dissected  area  was 
drawn  from  a  reconstruction.     (After  Bardeeu  and  Lewis.) 


again  collects  into  a  short  vein  that  opens  into  the  sinus 
venosus.  The  development  of  the  ductus  venosus  soon 
forms  a  channel  for  most  of  the  blood  carried  by  the  um- 
bilical vein.  The  proximal  portion  of  the  inferior  vena 
cava  is  developed  as  a  new  structure.  The  distal  end  of 
this  unites  with  the  right  inferior  cardinal  in  the  region 
where  tlie  renal  arteries  arise;  and  the  caudal  continu- 
ation of  the  cardinal  from  this  point  of  union  becomes 
the  inferior  portion  of  the  vena  cava.  The  remaining 
portions  of  the  two  cardinals  form  the  azygos  veins.  A 
cross  anastomosis  develops  from  tlie  left  jugular  to  the 
right  jugular,  and  from  the  common  stem  thus  formed 
develops  the  superior  vena  cava.  The  proximal  portion 
of  the  ductus  Cuvieri  on  the  left  side  then  loses  its  con- 
nection with  the  jugular  and  becomes  the  coronary  sinus 
of  the  heart. 

By  the  time  the  embryo  is  five  weelvs  old  it  has  attained 
a  length  of  11  mm.  (see  Fig.  5165).  The  head  is  still  very 
large  and  bent  at  right  angles  to  the  main  axis  of  the 
bocly.  The  maxillary  and  nasal  processes,  which  fuse  at 
a  later  stage  to  form  the  ujiper  jaw,  are  now  more  marked 
and  approaching  eacli  other.  The  external  nares  are 
nearing  the  middle  line.  The  external  ear  is  represented 
by  several  small  protuberances  about  the  first  cleft.  The 
general  body  musculature  is  well  advanced  and  has  its 
nerve  supply.  The  ribs  and  tlie  muscles  of  the  thorax 
and  abdomen  have  grown  some  distance  into  the  thin 
membrane,  membrana  reuniens,  which  in  early  stages 
constitutes  the  ventral  body  wall.  The  limbs  are  much 
enlarged  and  contain  a  skeletal  core  of  cartilage  sur- 
rounded by  the  developing  muscles.  The  arm  keeps  about 
two  weeks  in  advance  of  the  leg  in  its  internal  differen- 
tiation. The  vertebral  column  and  riljs  are  formed  par- 
tially in  jartilage.  The  fourth  pair  of  tlie  aortic  arches 
still  persists  entire  and  the  otliers  are  modified  in  various 
ways  to  form  the  larger  arteries  in  tliis  region.  The 
liver  has  been  increasing  rapidly  in  size,  and  in  this 
embryo  as  in  the  preceding  stage  forms  with  the  heart 
most  of  the  large  projecting  abdomeu  and  thorax.     The 


allantois  forms  a  long  narrow  tube  extending  from  the 
hindgut  into  the  umbilical  cord  as  far  as  the  chorion. 
At  a  later  stage  the  umbilical  portion  becomes  obliterated, 
while  the  portion  near  the  hindgut  enlarges  into  the  blad- 
der. 

During  the  fifth  week  the  oesophagus  elongates  and  the 
stomach  acquires  its  characteristic  form,  as  well  as  an 
obliquely  transverse  position,  its  former  left  side  becom- 
ing directed  anteriorly  and  upward,  and  its  former  right 
side  looking  backward  and  downward.  This  explains 
tlie  distribution  of  the  left  vagus  nerve  to  the  front  of  the 
stomach  and  the  right  to  the  back ;  for,  before  this  twist- 
ing of  the  stomach  began,  these  nerves  had  already 
reached  tlie  stomach.  The  connection  of  the  yolk  stalk 
or  vitelline  duct  with  the  intestinal  canal  rapidly  be- 
comes less  marked,  and  by  the  end  of  this  week  only  a 
small  duct  attaches  the  yolk  sac  to  the  intestine. 

During  the  last  part  of  the  embryonal  stage  and  the 
first  part  of  the  fcetal  stage  there  are  very  important, 
shiftings  or  migrations  of  various  organs  in  the  body. 
That  of  the  heart  and  diaphragm  from  the  cervical  region 
into  the  thoracic  region  is  of  especial  interest,  as  other 
structures  are  dragged  along  with  them.  The  large 
blood-vessels  are  pulled  downward,  and  such  nerves  as- 
the  recurrent  laryngeals  indicate  this  process.  Originally 
they  passed  directly  from  the  vagus  to  the  larynx  just 
posterior  to  the  fifth  aortic  arch,  and  by  the  migration  of 
the  heart  and  large  blood-vessels  they  are  brought  into  the 
position  seen  in  the  adult.  The  diaphragm  in  its  descent 
obtains  muscle  tissue  and  its  nerve  in  the  cervical  region. 


Fig.  .'iinB.— Drawing  from  a  Reconstruction  of  a  Human  Embryo 
20  mm.  in  Length  and  About  Seven  Weeks  Old.  No.  XXIL,  Johns 
Hopkins  University  Collection.  (Enlarged  about  5  diameters.)  Tbe 
muscular  systems  of  tbe  limbs  and  body  wall  are  seen  to  be  well  de- 
veloped.    (After  Bardeen  and  Lewis.) 

and  both  are  then  carried  down  to  the  lower  part  of  the 
lliorax.  The  limbs  also  exhibit  a  migration,  the  arm 
from  the  cervical  to  the  thoracic  region  giving  the  caudal 
inclination  to  tlie  brachial  plexus,  which  originally  went 
straight  out  into  the  arm  without  tliis  caudal  inclina- 
tion. The  leg  likewise  migrates.  Many  individual  mus- 
cles also  take  part  in  tliis  shifting  and  migrating,  such 
as  the  trapezius  from  the  upper  cervical  regioa  and  the 
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latissimus  dorsi  from  the  lower  cervical.  The  path  of  the 
nerve  from  its  exit  at  the  intervertebral  forameu  to  its 
point  of  entrance  into  the  muscle  indicates  the  patli  the 
migrating  muscle  has  taken,  while  the  branching  within 
the  muscle  probably  indicates  the  direction  in  which  the 
muscle  has  increased  in  size. 

During  the  embryonal  stage  the  yolk  sac  has  dimin- 
ished to  an  organ  of  relatively  small  size  and  importance, 
while  the  central  nervous  system,  with  its  greatly  en- 
larged anterior  end,  the  brain,  giving  to  the  head  its 
great  prominence,  becomes  the  predominating  feature  of 
the  embyo.  The  head  throughout  most  of  this  stage  is 
about  equal  in  bulk  to  the  rest  of  the  body  of  the  em- 
bryo. 

Fwtal  Stage. — In  an  embj'ro  seven  weeks  old  and  20 
mm.  long  the  earljr  foetal  features  are  fairly  well  marked. 
The  head  is  nearly  erect.  The  fusion  of  the  maxillary 
and  nasal  processes  is  proceeding  rapidly  to  form  the 
upper  jaw,  and  the  nasal  pits  have  approached  nearer  to 
the  median  line.  Failure  of  fusion  between  these  proc- 
esses gives  rise  to  the  various  forms  of  cleft  palate  and 
harelip.  The  arms  and  legs  are  much  elongated,  and 
show  the  three  segments  seen  in  adults.  Fingers  and 
toes  are  also  to  be  distinguished.  Practically  every  mus- 
cle of  the  body  can  now  be  recognized,  and  has  also  its 
nerve  supply  (see  Pig.  5166).  Most  of  the  skeletal  ele- 
ments are  present  in  cartilage.  Portions  of  the  skull, 
however,  are  never  so  represented,  but  ossification  takes 
place  directly  from  the  condensed  mesenchyme.  The 
ribs  have  extended  nearly  to  the  mid- ventral  line.  The 
thoracic  and  abdominal  muscles  have  likewise  pushed 
farther  out  into  the  ventral  wall  of  the  body. 

By  the  end  of  the  second  month  the  permanent  kidney 
is  fairly  well  formed  and  the  Wolffian  body,  which  so 
far  in  the  life  of  the  embryo  has  performed  the  function 
of  an  excretory  organ,  begins  to  lose  its  importance.  All 
but  the  middle  portion,  which  later  forms  the  sexual 
gland,  atrophies.  Its  duct  in  the  male  forms  the  vas 
deferens,  in  the  female  degenerates,  while  in  the  female 
the  Milllerian  ducts  form  the  Fallopian  tubes  and  uterus, 
and  in  the  male  degenerate.  Thus  by  the  end  of  the  sec- 
ond month  most  of  the  organs  which  are  found  in  the 
adult  are  formed.  The  main  processes  which  now  take 
place  until  birth  are  the  growth  and  shifting  about  of 
these  organs. 

The  third  month  establishes  the  human  form,  although 
the  head  still  unduly  predominates.  The  limbs  have  ac- 
quired their  definite  shape,  and  the  imperfect  nails  are 
present  oiibothfingers  and  toes.  The  external  organs  of 
generation  become  definitely  differentiated,  although 
they  make  their  appearance  several  weeks  earlier. 

In  the  female  the  genital  tubercle  remains  much  less 
developed  to  form  the  clitoris.  The  genital  furrow  re- 
mains open  to  form  the  vestibule  and  the  genital  swell- 
ings the  labia  majora.  The  prepuce  and  labia  minora 
developing  from  the  genital  folds.  He  at  either  side  of  the 
genital  sinus.  The  genital  swellings  in  the  male  when 
they  develop  into  the  scrotum  have  layers  identical  with 
those  of  the  abdominal  wall,  as  seen  in  the  following 
scheme : 


Abdominal  Walla. 
Integument. 
Superficial  fascia. 
External  oblique  muscle. 
Internal  oblique  muscle. 
Transversalis  muscle. 
Peritoneum. 


Scrotum. 
Integument. 
Dartos. 

Intercolumnar  fascia. 
Cremasteric. 
Inf undibuliform  fascia. 
Tunica  vaginalis. 


The  tunica  vaginalis  lines  the  sac,  communicating 
above  with  the  peritoneal  cavity ;  and  into  this  sac  later 
the  testicle  descends.  The  anterior  end  of  the  ureter  now 
reaches  the  neighborhood  of  the  suprarenal  where  it  ends 
in  the  kidney,  which  consists  of  about  eighteen  lobes, 
one  for  each  group  of  tubules  connected  with  the  ureter. 
This  lobulation  persists  until  after  birth.  The  supra- 
renals  now  fit  caplike  over  the  anterior  end  of  the  kidney. 
At  the  end  of  the  month  the  foetus  weighs  about  120 
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gm.  (8i  ounces),  and  measures  about  5  cm.  (3  inches)  in 
length. 

During  the  fourth  month  hairs  devoid  of  pigment  ap- 
pear on  the  scalp  and  other  parts  of  the  body,  which 
is  now  covered  with  firmer  skin  of  a  rosy  hue.  The  eye- 
lids, nostrils,  and  lips  are  closed.  The  anus  opens,  and 
the  coils  of  intestine,  which  before  extended  into  the  um- 
bilical cord,  now  lie  entirely  within  the  abdominal  cavity. 
The  point  of  emergence  of  the  umbilical  cord  lies  low 
down  close  to  the  pubes.  The  head  forms  about  one- 
fourth  of  the  entire  body.  The  bones  of  the  skull  while 
ossifying  are  still  widely  separated.  The  sexual  distinc- 
tions of  the  external  genital  organs  are  well  defined.  By 
the  end  of  this  month  the  foetus  weighs  about  230  gm. 
(7^  ounces),  and  measures  about  10  cm.  (4^  inches)  in 
length. 

During  the  fifth  month  the  lower  extremities  become 
longer  than  the  arms,  nails  are  well  formed,  and  hairs 
are  more  plentiful,  but  devoid  of  color.  The  foetal 
movements  are  distinctly  felt  by  the  mother.  The  su- 
doriparous glands  arise  during  this  month  as  solid  cylin- 
drical outgrowths  from  the  primary  ridges  of  the  epider- 
mis into  the  dermis.  Later  they  become  coiled  and  a 
lumen  appears.  The  heart  and  liver  share  with  the  head 
in  the  undue  preponderance  which  these  parts  present. 
At  the  end  of  this  month  the  foetus  measures  20  cm.  (8 
inches)  in  length,  and  weighs  about  500  gm.  (1  pound). 

During  the  sixth  month  the  surface  presents  many 
wrinkles  and  is  of  a  dirty  reddish  hue ;  the  sebaceous 
coating,  the  vernix  caseosa,  begins  to  appear.  This 
whitish  substance  is  composed  of  shed  surface  epithe- 
lium, mingled  with  the  secretions  of  the  sebaceous 
glands;  its  primary  function  seems  to  be  the  protection 
of  the  integument  from  maceration  by  the  amniotic  fluid. 
The  eyebrows  and  eyelashes  begin  to  grow.  The  length 
of  the  foetus  by  the  end  of  this  mouth  is  about  30  cm.  (12 
inches),  and  its  weight  about  1,000  gm.  (2  pounds). 

The  Seventh  Month. — The  formation  of  fat  causes  an 
appearance  of  greater  plumpness,  although  the  surface  is 
still  somewhat  wrinkled.  The  hairs  are  longer,  about  5 
mm.  in  length.  The  eyelids  are  now  permanently  open. 
The  liver  is  still  relatively  large ;  the  testicles  have  de- 
scended as  far  as,  or  even  into,  the  inguinal  canals.  Chil- 
dren born  at  the  end  of  this  month  may  live.  The  foetus 
measures  at  the  end  of  this  period  about  37  cm.  long  (15 
inches),  and  weighs  about  1,500  gm.  (8  pounds). 

The  Eighth  Month. — This  and  the  ninth  month  com- 
plete the  foetal  period.  The  chief  changes  are  great  in- 
crease in  weight,  as  by  the  end  of  the  eighth  month  the 
foetus  weighs  from  2  to  2.5  kgm.  (4  to  5  pounds)  and 
measures  about  43  cm.  in  length.  The  scalp  is  well  sup- 
plied with  hair,  and  the  finger  nails  almost  reach  the  fin- 
ger tips.  The  lanugo  or  embryonal  down  begins  to 
disappear.  The  subcutaneous  fat  has  increased  con- 
siderably, giving  a  more  rounded  form  to  the  body. 

The  Ninth  Month. — During  this  month  there  is  a  rela- 
tively large  increase  in  weight,  from  2  to  2.5  kgm.  to 
about  3  or  3.5  kgm.  (6  to  7  pounds),  while  the  increase  in 
length  is  only  from  about  42  to  50  cm.  (20  inches).  The 
skin  is  less  highly  colored  and  the  lanugo  has  almost  en- 
tirely disappeared.  The  testicles  have  descended  into 
the  scrotum;  in  the  female  the  labia  majora  are  in  con- 
tact. Centres  of  ossification  usually  appear  in  the  epiph- 
ysis at  the  lower  end  of  the  femur,  and  often  in  the 
upper  epiphyses  of  the  tibia  and  humerus. 

Warren  Harmon  Lewis. 

FOURTH  DISEASE.— It  is  to  Clement  Dukes  that 
we  owe  this  addition  to  the  number  of  contagious  ex- 
anthemata. Led  by  his  experience  extending  over  a 
number  of  years  at  Rugby  School,  Dukes  published  in 
The  Lancet  of  July  14th,  1900,  his  original  paper  on  this 
subject  with  the  title  "  The  Fourth  Disease;  or,  the 
Confusion  of  Two  Diseases  under  the  Name  of  '  Rubella.' " 
In  this  paper  Dukes  states  that  he  had  for  several  years 
suspected  the  existence  ot  another  contagious  exanthem, 
but  that  he  was  not  convinced  of  it  until  the  advent  of 
an  epidemic  in  April,  1900.     His  reasoning  is  as  follows . 
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German  measles  appears  under  two  forms — one  re- 
sembling measles,  and  the  other  resembling  scarlet 
fever;  an  attack  of  one  form  of  the  disease  does  not 
protect  the  patient  from  an  attack  of  the  other  form. 
He  has  never  observed  the  slightest  tendency  of  the 
fourth  disease  to  develop  into  true  scarlet  fever,  al- 
though this  disease  does  closely  resemble  mild  scarla- 
tina. It  is  important  to  distinguish  the  fourth  disease 
from  scarlet  fever  chiefly  because  of  the  difference  in 
the  time  of  quarantine,  especially  in  schools. 

Epidemics  of  so-called  German  measles  at  one  time 
resemble  scarlet  fever;  at  another  time  all  of  the  cases 
resemble  measles. 

The  measles  form  of  German  measles  usually  affects 
large  numbers  of  those  exposed,  while  the  fourth  dis- 
ease, like  scarlet  fever,  affects  a  limited  number,  being 
apparently,  like  scarlet  fever,  least  infectious  at  its  on- 
set. Moreover,  cases  of  fourth  disease  occur  in  children 
who  have  previously  suffered  from  scarlet  fever. 

Certain  studies  made  by  Dukes  may  be  cited  to  bear 
out  his  contention  of  a  fourth  disease.  In  the  year  1892 
he  was  called  to  see  sixteen  cases  of  illness  supposed  to 
be  scarlet  fever,  and  he  decided  that  it  was  the  scarlet- 
fever  variety  of  rubella,  or  what  he  later  called  Fourth 
Disease.  The  lads  were  in  school  and  were  sent  to  their 
homes.  Subsequently,  there  was  not  a  single  instance 
of  scarlet  fever  reported  among  the  boys  who  went  to 
their  homes  for  the  holidays;  but  one  of  the  nurses 
after  going  home  suffered  from  what  was  diagnosticated 
as  a  genuine  case  of  rubella. 

The  second  study  was  that  of  a  concurrent  epidemic 
of  scarlet  fever  and  fourth  disease.  In  this  instance 
the  fourth  disease  preceded  the  onset  of  the  scarlet 
fever  by  twenty  days.  Some  of  the  boys  had  scarlet 
fever  only,  others  had  fourth  disease  only.  One  had 
scarlet  fever  first,  and  afterward  fourth  disease;  and 
still  others  had  fourth  disease,  followed  by  scarlet  fever. 
Among  those  cases  diagnosticated  as  scarlet  fever  two 
of  the  boys  died. 

Another  study  was  made  at  Rugby  in  March  and 
April,  1900— nineteen  boys  being  affected  by  fourth 
disease,  nearly  one-half  of  whom  previously  suffered 
from  rubella.  Twenty  days  after  the  onset  of  the  epi- 
demic the  school  was  dispersed.  Of  all  these  boys  who 
went  to  their  homes,  there  was  only  one  who  had  a 
malady  diagnosticated  as  scarlet  fever. 

The  symptoms  may  be  grouped  as  follows : 

Incubation  Period.— Varies  from  nine  to  twenty-one 
days,  resemblmg  rubella  and  differing  markedly  from 
scarlet  fever. 

Prodronaal  Symptoms.— Usually  about,  though  occa- 
sionally chill,  nausea,  headache,  backache,  and  loss  of 
appetite  are  present. 

Eruption.— The  first  symptom  to  attract  attention 
IS  the  rash  which  in  nearly  every  case  is  full  and  quite 
characteristic  of  scarlet  fever,  being  small  and  thickly 
set,  pale  red,  and  scarcely  raised  above  the  surface  It 
may  cover  half  of  the  body  in  a  few  hours 

Throat.— The  fauces  are  red  and  swollen,  but  there 
IS  little  or  no  complaint.  No  matter  how  severe  the 
eruption— and  "  m  many  cases  it  resembled  the  worst 
eruption  m  scarlet  fever,"  says  Dukes,  the  throat  never 
looks  like  that  seen  in  a  well-marked  case  of  scarlet 
fever.  The  lymph  nodes  of  the  neck  are  swollen  hard 
and  about  the  size  of  a  pea.  In  some  cases  the  axillary 
and  inguinal  nodes  are  enlarged 

Desquaraation.-Usually  there  is  free  desquamation 
of  small  scales;  but  m  a  few  the  peeling  was  eoiial  tn 
that  in  scarlet  fever.  In  this  "  Fourth^  dZ'4^''  the 
desquamation  bears  no  relation  to  the  intensity  of  the 
eruption.  Nephritis  is  a  rare  sequel;  but  a  trifling  T- 
bummuria  may  be  present.  ^ 

General  Symptoms.— The  pulse  rate  is  unaffected- 
the  temperature  ranges  from  98  4°  to  104°  F  ""^"^'"^®"' 

Infectiousness.-At  the  onset  it  is  only  slightly  con- 
tagious and  the  infectiousness  disappears  entirely  "n 
two  or  three  weeks.  '"ili^    m 

Since  the  publication  of  Dukes'  paper  there  has  been 
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world-wide  discussion  of  the  subject  with  a  great  deal 
of  scepticism.  It  is  to  be  said,  however,  that  in  1885 
Nil  Filatow  raised  the  same  questions  as  Dukes,  and 
that  in  1896  he  outlined  a  separate  disease  similar  to 
the  "  Fourth  disease."  Moreover,  J.  J.  Weaver  fur- 
nishes support  to  Dukes'  contention.  Some  months 
prior  to  Dukes'  publication  he  noted  in  the  Southport 
Infectious  Disease  Hospital,  within  three  months  after 
a  number  of  scarlet-fever  cases,  recurrences  with  a  new 
eruption  and  fever.  He  reported  fourteen  hospital  oases 
with  their  temperature  charts.  These  are  of  special  in- 
terest because  they  are  cases  in  which  fourth  disease 
either  preceded  or  followed  scarlet  fever.  Many  writers 
dismiss  the  subject  by  saying  that  the  cases  are  merely 
mild  cases  of  scarlet  fever.  "The  general  verdict  seems 
to  be  that  there  are  needed  many  confirmatory  observa- 
tions of  epidemics  before  the  disease  can  be  accepted 
as  established.  Linnoeus  E.  La  Fetra. 
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GANGOSA. — The  feminine  form  of  a  Spanish  ad- 
jective meaning  "  nasal-voiced."  This  word  has  been 
erroneously  used  as  a  name  for  the  disease  Ehinopha- 
ryngitis  mutilans,  q.v.  J.  F.  L. 

GIGANTISM,  GENERAL.— The  word  giant  is  derived 
from  the  Middle  English  "  geant, "  the  equivalent  of  the 
French  "  geant, "  which  may  be  traced  back  to  the  Greek 

Very  early  in  the  world's  history  we  meet  with  refer- 
ences to  huge  beings  of .  supernatural  strength.  Even 
before  the  flood,  in  the  story  of  Noah,  we  are  informed 
that  "there  were  giants  in  the  land  in  those  days,"  and 
there  are  stray  allusions  to  giants,  Emmim  and  Anakim, 
in  the  accounts  of  the  early  Jewish  conquests,  in  the 
sight  of  whom  the  people  were  "  as  grasshoppers,"  to  use 
the  characteristic  Eastern  hyperbole.  Later,  we  have  the 
celebrated  battle  between  David  and  Goliath  of  Gath,  one 
of  the  few  remaining  descendants  of  these  Anakim,  whose 
height  was  six  cubits  and  a  span.  The  Greeks,  also,  had 
their  giants  in  the  man-eating  Cyclopes  and  Lestrygones. 
The  Titans,  too,  forty-flve  in  number,  whose  children 
were  the  Gigantes,  were  of  enormous  size.  They  did  not 
fear  to  encounter  the  gods,  and  were  said  to  have  heaped 
up  mountains,  to  have  "piled  Ossa  on  Pellon,"  in  order 
to  scale  the  heavens.  All  nations,  alike  in  their  love  of 
the  marvellous  and  their  sympathy  with  the  weaker  side, 
have  their  stories  of  unequal  battles,  recalling  the  strug- 
gle between  the  pygmies  and  the  giants,  waged  between 
brave  men  and  monsters  of  immense  size  and  strength,  in 
which  the  lesser  power  comes  off  the  conqueror.  An  in- 
stance that  will  be  familiar  to  all  is  the  popular  nursery 
tale  of  "Jack  the  Giant-killer,"  which  used  to  delight  us 
so  much  in  our  youth.  As  is  usually  the  case,  human 
credulity  and  the  innate  tendency  to  exaggeration  have 
magnified  many  of  these  tales  beyond  the  bounds  of 
credibility.  While  it  must  be  admitted  that  in  former 
times  there  have  been  individuals  and  even  races  that  far 
exceeded  in  strength  and  stature  the  ordinary  run  of  man- 
kind, the  application  of  the  rigid  canons  of  modern  scien- 
tific inquiry  has  resulted  in  the  dethronement  of  the 
supernatural  element  and  the  reduction  of  the  subject, 
though  marvellous  enough  still,  to  more  manageable 
proportions.  Before  passing  on  to  discuss  the  nature  of 
this  curious  anomaly  of  development  that  we  call  gigant- 
ism, we  may  with  advantage  pause  for  a  moment  to  de- 
termine what  constitutes  giant  growth. 

This  is  not  so  easy  as  it  seems.  If  any  one  asks  himself 
the  question,  "  Where  does  giant  growth  begin?  "  he  will 
at  once  realize  that  his  ideas  are  somewhat  hazy  and  his 
language  conventional.  In  popular  parlance  a  giant 
may  be  said  to  be  any  individual  who  exceeds  in  a  not- 
able degree  the  average  height  of  human  beings.     A  per- 
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son  of  six  feet  six  or  upward  would  probably  be  called 
gigantic.     This  is,  of  course,  an  exceedingly  loose  and 
by  no  means  scientific  definition.     It  fixes  no  limits,  it 
takes  no  account  of  weight  and  strength;  in  short,  it 
lacks  precision.     Larcher  •  defines  a,  giant  to  bo  "  A  being 
who,  free  in  other  respects  from  all  defect  in  the  essen- 
tial characteristics  of  the  organization,  excels  notably  in 
height  other  beings  of  the  same  race  who  have  reached 
adult  age."    In  such  a  case  the  structural  harmony  and 
the  relationships  between  the  different  parts  are  manifest- 
ly normal,  the  sole  deviation  being  the  striking  increase 
in  height.     It  is  scarcely  necessary  to  point  out  that  this 
definition  portrays  for  us  the  ideal  or  perfect  giant,  a 
being  rather  more  imaginary  than  real.     No  doubt  there 
have  been  individuals  of  great  size  and  strength,  hand- 
some, well  proportioned,  and  well  ba,lanced  in  all  their 
faculties,  but  these  are  the  rarcB  or  rather  the  rarissimcB 
aves.     As  a  matter  of  fact,    the  immense  majority  of 
giants  present  the  unmistakable  stigmata  of  defect  or 
degeneration.     The  definition  further  ignores  the  fact 
that  gigantism  is  a  process,  an  anomalous  one  it  is  true, 
but  still  a  process  of  growth  which  may  and  does  mani- 
fest itself  in  embryonic  life  and  childhood,  as  well  as  in 
the  adult  stage.     Pierre  Marie  ^  recognizes  two  forms  of 
gigantism;  (1)   True  gigantism,  consisting  in  a  simple 
exaggeration  of  the  normal  process  of  growth ;  and  (2) 
symptomatic  gigantism,  a  manifestation  of  pre-existing 
disease.     Meige'  would  restrict  the  term  gigantism  to 
Marie's  second  class  on  the  ground  that  the  members  of 
the  first  group  are  in  all  respects  normal  persons,  differ- 
ing in  no  way,  save  in  height,  from  other  individuals  of 
the  same  species.     This,  while  no  doubt  contributing  to 
precision  of  language  and  lessening  the  possibility  of 
confusion  in  description,  is  in  my  opinion  too  extreme  a 
position  to  take,  for  who  will  maintain  that  an  exaggera- 
tion of  a  normal  process  of  growth  is  not  a  pathological 
manifestation?     We  ought  not,  therefore,  rashly  to  con- 
clude that  true  gigantism  and  symptomatic  gigantism  are 
necessarily  or  essentially  different  processes,  or  that  the 
former  should  be  left  out  of  our  consideration  of  the  gen- 
eral subject  of  gigantism.     We  shall  be  helped  consider- 
ably toward  a  proper  conception  of  what  constitutes 
giant  growth  if  we  consider  briefly  what  may  be  called 
the  "law  of  deviation"  enunciated  by  Thoma. 

Thoma*  states,  on  the  basis  of  an  extended  series  of 
observations,  that  in  adults  the  normal  length  of  the 
body  averages  approximately  169  cm.  in  the  male  and 
163  cm.  in  the  female :  the  normal  average  body  weight 
is  60  kgm.  and  56  kgm.  respectively.  Considerable  va- 
riations on  one  or  other  side  of  tliis  norm  occur.  In  one- 
half  the  total  number  of  individuals  the  amount  of  de- 
viation is  anywhere  from  0.0  to  8.8  cm.  for  height,  and 
from  0.0  to  5  kgm.  for  weight.  In  accordance  with 
observations  he  has  made,  Thoma  finds  that  the  fifth 
multiple  of  the  figures  representing  the  amount  of  nor- 
mal deviation,  namely,  19  cm.  and  25  kgm.,  is  exceeded 
only  once  in  a  thousand  individuals.  According  to  this 
an  adult  male  would  be  regarded  as  a  giant  if  his  height 
exceeded  169  plus  19  or  188  cm.,  or  if  his  weight  were 
more  than  60  plus  25  or  85  kgm.  The  normal  limits, 
however,  for  the  upper  well-nourished  classes  are  some- 
what higher  than  the  figures  given,  namely,  175  cm.  and 
66  kgm.,  so  that  the  lower  limit  for  giant  growth  would 
be  more  correctly  placed  at  175  plus  19  or  194  cm.,  and 
66  plus  25,  or  91  kgm.  (6  feet  4J-  inches,  and  200  pounds 
5-J  ounces).  In  the  case  of  new-born  infants  the  normal 
average  for  length  is  50  cm.  and  for  weight  3.2  kgm. 
The  amount  of  deviation  is  approximately  1.4  cm.  and 
0.28  kgm.  respectively.  Applying  the  same  rule  we 
may  assume  giant  growth  in  children  if  they  exceed  57 
cm.  in  length  and  4.6  kgm.  in  weight.  For  Thoma, 
then,  a  giant  is  literally  a  man  in  a  thousand.  We 
cannot,  however,  assume  that  because  an  individual 
exceeds  these  dimensions  he  is  necessarily  a  giant.  It 
should  be  noted  that  height  and  weight  are  not  nec- 
essarily closely  correlated.  In  true  gigantism  no  doubt 
they  would  be,  but  in  many  cases  we  find  that  those 
gigantic  in  stature  are  not  heavier  than  many  normal 


persons.  This  is  often  to  be  explained  on  the  score  of 
some  wasting  disease  which  is  present,  or  that  the  indi- 
viduals in  question  have  died  or  been  observed  before  the 
consolidation  of  the  body  had  been  properly  attained. 
Further,  an  excess  in  weight  above  the  limit  of  91  kgm. 
cannot  in  itself  constitute  gigantism,  for  this  weight  is 
frequently  attained  by  those  who  would  be  regarded  as 
normal  individuals,  and  has  also  been  attained  in  cases 
of  diffuse  lipomatosis,  elephantiasis,  and  when  large  tu- 
mors are  present.  Gigantism  is  quite  different  from  this. 
Properly  understood,  it  implies  not  a  mere  increase  in  the 
bulk  of  any  tissue  or  group  of  tissues,  but  rather  an  ab- 
normal increase  in  the  size  of  the  body  as  a  whole,  due  to 
some  peculiar  and  inherent  nutritive  disturbance.  The 
term  macrogenesy  would  perhaps  most  correctly  designate 
the  condition. 

Gigantism  manifests  itself  in  an  excessive  growth  of 
the  bones,  more  especially  in  the  direction  of  length,  but 
also  to  some  extent  in  thickness.  The  long  bones  are 
most  noticeably  involved,  but  all  the  bones  of  the  body 
may  be  to  some  degree  affected.  With  this  there  is  a 
corresponding  increase  in  size  of  the  nerves,  vessels,  and 
soft  tissues  generally.  The  most  striking  and  constant 
feature  in  giants,  however,  is  their  great  height.  The 
deviation  in  weight  is  less  apparent,  is  usually  less  and 
never  more  than  the  increase  in  height  would  warrant. 

Prom  a  pathological  standpoint  gigantism  belongs  to 
the  group  of  tissue  hypertrophies,  of  which  there  are 
many  less  extreme  manifestations  than  the  complete 
giant.  Local  hypertrophies  of  undoubtedly  develop- 
mental origin  are  not  infrequently  met  with,  particularly 
in  the  head  and  extremities.  In  the  case  of  the  head  the 
bones  of  the  cranium  and  face  are  usually  involved,  giv- 
ing rise  to  an  extensive  and  remarkable  deformity  (leon- 
tiasis  ossea  of  Virchow),  the  exact  nature  of  which  is 
somewhat  obscure  but  appears  to  be  essentially  a  diffuse 
hyperostosis.  The  form  found  in  childhood  is  especially 
common  in  the  upper  limbs,  and  may  be  unilateral  or 
bilateral.  Apart  fi'om  these  instances  of  local  gigantism, 
which  are  characterized  mainly  by  an  abnormal  increase 
in  the  bulk  of  the  affected  part,  there  are  other  condi- 
tions, regarded  by  some  as  forms  of  gigantism,  in  which 
the  excess  is  numerical,  as,  for  example,  polydactylism, 
accessory  ribs  and  vertebrae,  and  supernumerary  organs. 
Gigantism,  or  macrogenesy,  is  comparatively  rare  as  a 
congenital  anomaly.  Fuchs*  in  the  extensive  material 
of  the  Lying-in  Hospital  at  Kiel  found  the  average 
weight  of  the  new-born  child  at  full  term  to  be  from  3  to 
3. 5  kgm. ,  figures  whicn  agree  accurately  with  those  given 
by  Thoma.  This  limit  was  not  often  passed,  and  a  body 
weight  of  5  kgm.  (11  pounds)  was  of  the  greatest  rarity. 
In  3,600  births  at  the  Dublin  Rotunda  only  one  child 
reached  5  kgm.  Ahlfeld^  in  fifteen  years'  experience 
met  with  no  case  above  5.1  kgm.  Spiegelberg  and 
Wiener'  observed  two  infants  weighing  5.2  and  6  kgm. 
respectively.  Baudelocque  *  in  many  years  saw  only  one 
infant  that  reached  6.375  kgm.  Fuchs  (Joe.  cit.)  has 
described  in  detail  two  infants  that  v/eighed  6.1  and  7.55 
kgm.  and  measured  60  and  65  cm.  respectively.  The 
most  extensive  statistics  are  those  of  von  Winckel,'  who 
in  30, 000  births  found  no  child  reaching  6  kgm, ;  in  17,000 
cases  at  Munich  only  5  were  found  weighing  from  5  to 
5.33  kgm.  These  dimensions,  striking  as  they  are,  have 
been  considerably  surpassed  by  some  found  in  English  and 
American  literature.  Eddowes '"  mentions  the  birth  of  a 
child  weighing  twenty-two  pounds  two  ounces.  The 
mother  was  thirty-three  years  of  age,  and  had  previously 
borne  two  children  of  large  size.  Chubb  "  met  with  one 
case  in  which  the  child  weighed  twenty-one  pounds. 
The  other  children  of  the  family  were  exceptionally 
large.  The  fact  that  some  women  have  a  tendency  to 
bear  large  children  is  also  well  illustrated  by  an  observa 
tion  of  Dickinson's,"  where  a  woman  was  delivered  by 
craniotomy  and  evisceration  of  a  child  weighing  sixteen 
pounds.  Her  first  child  weighed  nine  pounds  and  her 
second  twenty.  Beach  '^  records  the  birth  of  the  child  of 
Captain  Batesand  Anna  Swann,  both  of  gigantic  propor- 
tions, which  weighed  twenty-three  pounds  twelve  ounces. 
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Baldwin  ^^  quotes  the  case  of  a  woman  who  after  having 
three  miscarriages  finally  had  a  child  weighing  twenty- 
three  pounds.  There  are  at  least  ten  other  instances  on 
record  of  new-born  children  weighing  from  thirteen  to 
twenty  pounds.  The  largest  child  I  have  been  able  to 
find  recorded  is  a  case  of  Dubois,"  which  attained  the 
almost  incredible  weight  of  11.3  kgm.  (24  pounds  13i 
ounces). 

As  will  readily  be  understood,  the  fate  of  giant  chil- 
dren is  often  an  untoward  one.  Not  infrequently  they 
die  in  the  later  months  of  gestation.  When  brought  to 
term,  they  have  to  be  delivered  by  operative  interference 
of  some  kind,  and  are  often  still-born.  It  is  an  interest- 
ing fact  that  the  dystocia  is  brought  about,  not  by  the 
head,  which  usually,  unless  hydrocephahc,  does  not  ex- 
ceed in  size  that  of  a  normal  child,  but  by  the  size  of  the 
trunk.  The  biacromial  diameter  is  excessive.  In  Du- 
bois' series  of  forty-four  cases  only  twenty-six  were  born 
alive.  Children  of  8  kgm.  and  over  are  invariably  still- 
born. In  those  that  survive,  the  excessive  size  at  birth  is 
sometimes  compensated  for  by  slow  growth  subsequent- 
ly, but  the  pathological  nature  of  the  process  is  sufficient- 
ly indicated  by  the  fact  that  such  children  often  grow 
very  fast  and  attain  puberty  in  the  third  to  the  sixth 
year.  It  is  perhaps  questionable  whether  all  cases  of 
precocious  development,  wherein  the  individual  attains 
the  structural  and  functional  characteristics  of  the  adult 
in  early  childhood,  are  to  be  regarded  as  manifestations 
of  gigantism.  Some  at  least  have  this  in  common  with 
gigantism  that  they  show  evidences  of  early  senility. 
Development  is  rapid  and  decay  is  premature.  Phlegmon 
("  De  Mirabilibus, "  cap.  32)  is  the  authority  for  the  state- 
ment that  Craterus,  the  brother  of  King  Antigonus,  was 
an  infant,  a  young  man,  married  and  begat  children,  and 
became  an  old  man  in  the  short  space  of  seven  years.  In 
1741  a  boy  was  born  at  Willingham,  near  Cambridge, 
who  when  twelve  months  old  presented  all  the  appear- 
ances of  puberty  and  died  an  old  man  at  the  age  of  five 
years  (Philos.  Trans,  of  the  Eoyal  Soc.  of  London).  The 
subsequent  history  of  unusually  large  children  is  unfor- 
tunately not  often  to  be  traced,  but  there  is  some  slight 
evidence  to  show  that  they  may  develop  into  gigantic 
adults.  Bonardi'"  reports  an  interesting  case  which 
throws  some  light  upon  this  point.  A  boy  at  the  age  of 
fifteen  had  the  size  and  development  of  an  adult  male. 
At  twenty-two  he  began  to  sufEer  from  pains  in  the  head 
with  nausea,  and  soon  after  the  hands,  feet,  maxillje,  and 
tongue  began  to  increase  in  size.  At  the  age  of  twenty- 
nine  he  measured  194  cm.,  and  presented  all  the  signs  of 
acromegaly.  In  other  instances,  too,  the  abnormal  in- 
crease in  size  has  been  known  to  begin  quite  early.  Gil- 
bert of  the  Hopital  Broussais  (quoted  by  Meige,  loc.  cit., 
p.  449)  met  with  an  individual  who  began  to  grow  rapidly- 
after  an  attack  of  some  acute  fever  in  his  earliest  infancy 
and  eventually  attained  the  height  of  196  cm.  The 
American  giant  Wilkins  began  to  grow  rapidly  at  the  age 
of  four,  and  reached  his  full  height  (245  cm.)  at  eighteen 
As  a  rule,  however,  the  excessive  growth  does  not  become 
in  evidence  until  some  time  between  the  tenth  and  twen- 
tieth years,  usually  with  the  onset  of  puberty. 

The  student  of  ancient  lore  will  be  interested  and 
amused  to  see  how  superstition  and  the  love  of  the  mar- 
vellous have  combined  to  render  many  of  the  accounts  of 
giants  that  have  come  down  to  us  thoroughly  unreliable 
Judging  from  these  stories,  the  heiglit  to  which  the  hu- 
man race  may  attain  has  varied  between  wide  limits 
Plmy,  like  Augustine,  believed  that  the  stature  of  man- 
kind had  deteriorated,  but  this  is  not  substantiated  by 
the  examination  of  such  ancient  remains  as  we  possess 
The  rabbinical  legends  teem  with  incredible  accounts  of 
the  height  of  the  various  Biblical  characters     Adam's 
height  was  calculated  to  be  one  hundred  and  twenty- 
three  feet  and  Eve's  one  hundred  and  eighteen      Accord 
ing  to  the  Biblical  account  the  bedstead  of  o's;  Kine  of 
Bashan,  was  nine  cubits  long.     Pliny  mentionrthe  giant 
Gabbaras,  between  nine  and  ten   feet  high    who  was 
brought  from  Arabia  by  the  Emperor  Claudius    and 
states  further  that  the  remains  of  Posio  and  Secundilla, 
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found  in  the  Sallustian  Gardens  in  the  time  of  Augustus 
Caesar,  measured  each  ten  feet  three.  Josephus  refers 
to  a  Jew  nearly  eleven  feet  high,  who  was  sent  as  a  host- 
age to  Rome  by  the  King  of  Persia.  Some  remarkable 
stories  are  told  of  the  Emperor  Maximin  (C.  Julius  Verus 
Maximinus)  who  was  born  in  173  in  one  of  the  frontier 
villages  of  Thrace'.  A  shepherd  in  his  youth,  he  soon 
became  noted  for  his  extraordinary  height  and  strength. 
Pie  took  part  in  the  games  given  by  Septimus  Severus  to 
celebrate  the  occasion  of  the  birth  of  his  son,  and  over- 
came sixteen  of  the  most  powerful  wrestlers  without 
taking  breath.  The  Emperor  attached  him  to  his  own 
person  and  he  was  made  a  centurion  by  Caracalla.  Capi- 
tolinus  says  that  he  was  a  finger's  breadth  over  eight  feet 
in  height.  His  thumb  was  so  large  that  lie  could  use  his 
wife's  bracelet  for  a  ring.  He  stopped  a  wagon  with  one 
hand,  broke  the  jaw  of  a  horse  with  a  blow  of  his  fist, 
and  could  break  its  leg  with  a  kick.  He  is  credited  with 
eating  forty  pounds  of  meat  in  a  day  and  used  to  drink 
as  much  as  a  Capitoline  amphora  (about  twenty-six  litres). 
He  became  tribune  under  Alexander  Severus,  and,  con- 
spiring against  him  later,  was  elected  emperor.  He 
reigned  for  three  years,  execrated  for  his  cruelty,  and 
was  finally  assassinated  by  the  soldiers  in  238. 

Coming  to  more  recent  times,  we  have  some  equally 
extraordinary  tales  brought  back  by  travellers.  Magel- 
lan is  said  by  some  to  have  given  the  name  Patagonia  to 
the  country  he  discovered  because  its  inhabitants  meas- 
ured five  cubits.  Lemaire,  in  describing  his  voyage  in 
1615  to  the  Straits  of  Magellan,  states  that  at  Port  Desire 
he  found  several  graves  covered  with  stones  in  which 
were  skeletons  of  men  measuring  from  ten  to  eleven  feet. 
More  recent  travellers  have,  however,  found  the  Pata- 
gonians  to  be  not  excessively  large ;  in  fact  many  of  them 
are  rather  diminutive.  The  naturalist  Turner  believed 
that  he  saw  on  the  River  Plata  near  the  coast  of  Brazil 
savages  twelve  feet  high.  Accounts  more  marvellous 
still  are  given  of  giants  from  nineteen  to  thirty-six  feet 
high,  who  have  existed  at  various  times  in  Europe. 
These  are  based  on  the  discovery  of  bones  of  prodigious 
size,  which  were  erroneously  regarded  as  human.  In 
those  days  nothing  was  known  about  comparative  anat- 
omy, and  the  remains  in  question  were  no  doubt  those  of 
some  of  the  lower  animals.  Sir  Hans  Sloane,  in  an  elabo- 
rate and  learned  disquisition  on  the  subject,  came  to  the 
conclusion  that  the  bones  referred  to  were  parts  of  whales, 
mastodons,  elephants,  or  other  enormous  beasts,  although 
he  thought  that  some  of  the  stories  could  not  be  entirely 
discredited.  It  is  a  fact,  however,  that  in  more  recent 
times,  when  such  matters  are  much  more  narrowly  scru- 
tinized, no  such  instances  of  excessive  height  can  be  sub- 
stantiated. BufEon,  the  great  naturalist,  usually  a  relia- 
ble authority,  had  no  doubt  that  human  beings  had 
existed  who  were  from  ten  to  fifteen  feet  high.  It  is  not 
until  we  come  to  the  eighteenth  century  that  we  get  re- 
liable data  as  to  the  height  of  giants.  According  to 
Dana'*  not  more  than  a  hundred  giants  have  been  exhib- 
ited in  public  since  1700,  and  of  this  number  only  about 
twenty  were  said  to  have  been  over  eight  feet.  Topin- 
ard  measured  the  tallest  man  in  the  Austrian  army,  and 
found  him  to  be  eight  feet  four  and  a  half  inches. 
Winckelmeyer  was  eight  feet  six  inches.  Marianne 
Wehde,  a  more  recent  Geiynan  giantess,  was  eight  feet 
four  and  a  half  inches  when  sixteen  and  a  half  years  old. 
In  view  of  these  observations  we  must  seriously  question 
whether  any  human  being  has  ever  exceeded  nine  feet  in 
height.  Quite  a  number  of  giants  have  been  recorded 
who  measured  between  seven  and  eight  feet,  but  above 
this  limit  the  cases  are  extremely  few.  The  history  of. 
these  is  often  extremely  interesting.  Queen  Elizabeth's 
porter,  whose  portrait,  painted  by  Zucchero,  is  now  in 
Hampton  Court  Palace,  was  seven  feet  six  inches  high. 
Walter  Parson,  the  porter  of  James  I.,  was  as  big.  Wil- 
liam Evans,  the  porter  of  Charles  I.,  was  about  eight  feet 
high.  Cromwell's  porter,  Daniel,  who  died  a  lunatic, 
attained  the  height  of  seven  feet  six.  In  the  reign  of 
George  I.,  an  Englishman,  seventeen  years  old  and  eight 
feet  tall,   was  exhibited  at  the  Bartholomew  Fair  at 
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Smithfleld.  "Big  Sam,"  the  porter  at  Carleton  Place 
when  George  IV.  was  Prince  of  Wales,  was  eight  feet  in 
height.  In  a  Dutch  village  in  1713  there  died  a  fisher- 
man called  Gerrit  Bastiaansen,  who  measured  eight  feot 
and  weighed  five  hundred  pounds.  As  a  contrast  to  this 
we  may  cite  a  giant  who  was  exhibited  at  St.  Petersburg 
in  1829,  who  measured  eight  feet  eight,  but  withal  was 
thin  and  emaciated. 

One  of  the  most  celebrated  giants  was  Cornelius  Mc- 
Grath,  whose  slceleton  is  now  in  the  museum  of  Trinity 
College,  Dublin.  He  was  born  in  1736  in  the  county  of 
Tipperary.  His  parents  and  the  other  members  of  the 
family  were  of  ordinary  size.  After  the  age  of  fifteen  he 
began  to  suffer  from  violent  pains  in  the  limbs  and  began 
to  grow  rapidly.  At  the  age  of  sixteen  he  was  six  feet 
nine.  In  1753,  six  months  later,  when  he  first  exhibited 
in  public  he  measured  seven  feet  three  inches  in  his 
stocking  feet.  It  is  said  that  he  was  ungraceful  in  ap- 
pearance, of  low  intelligence,  and  spoke  in  a  childish 
manner.  He  died  at  the  early  age  of  twenty-four.  His 
skeleton  measures  seven  feet  eight  inches. 

John  Middletou,  called  tlie  "Child  of  Hale,"  was  born 
in  1753  at  Hale  in  Lancashire.  His  portrait  is  preserved 
in  Brazenose  College.  He  is  said  to  have  measured  nine 
feet  three  inches. 

O'Brien  or  Byrne,  the  "Irish  Giant,"  is  celebrated  not 
only  for  his  great  height,  but  for  his  connection  with  the 
distinguished  anatomist  John  Hunter.  Hunter  was  par- 
ticularly anxious  to  secure  his  body  and  made  the  most 
extraordinary  exertions  to  obtain  it.  O'Brien  was  aware 
of  this  desire  on  the  part  of  the  anatomist  and  was  corre- 
spondingly averse  to  being  "set  up"  as  a  specimen. 
Shortly  before  his  death,  which  occurred  at  the  age  of 
twenty-two,  O'Brien  bribed  some  of  his  friends  to  take 
his  body,  and  after  weighting  it  with  lead  to  sink  it  in 
the  sea.  The  undertaker,  however,  who  had  been  pre- 
viously interviewed  by  Hunter,  managed  to  have  the 
coffin  locked  up  in  a  barn  while  the  escort  was  refreshing 
at  an  inn.  Tliereupon  some  men,  stationed  there  for  the 
purpose,  substituted  an  equal  weight  of  paving  stones 
for  the  body  which  was  forwarded  that  night  to  Hunter. 
He  took  it  in  his  carriage  to  Earl's  Court,  where  it  wa^ 
immediately  prepared.  It  is  estimated  that  it  cost  nearly 
five  hundred  pounds  to  secure  the  body.  O'Brien  is  said 
at  the  time  of  his  death  to  have  been  eight  feet  four 
inches  high.  His  skeleton,  however,  measures  only 
seven  feot  seven.  It  is  now,  together  with  the  kettle  in 
which  the  body  was  boiled,  in  the  museum  of  the  Royal 
College  of  Surgeons  in  London. 

The  successor  of  O'Brien,  Patrick  Cotter,  who  tor  a 
time  exhibited  under  his  name,  was  born  in  1761.  At 
his  death,  which  occuried  at  the  age  of  forty -five,  he  is 
variously  estimated  to  have  been  from  eight  feet  One  to 
eight  feet  seven  in  height.  At  one  time  he  was  examined 
by  Dr.  William  Bteir,  who  found  him  to  measure  about 
seven  feet  ten.  He  was  badly  proportioned,  and  looked 
like  a  weakly  or  even  imbecile  person.  His  forehead 
was  low,  his  pulse  feeble,  his  voice  weak,  and  he  sug- 
gested in  appearance  a  sickly  child  that  had  grown  too 
fast. 

Robert  Hale,  the  "Norfolk  Giant,"  who  died  at  Yar- 
mouth in  1848  at  the  age  of  forty-three,  was  seven  feet 
and  a  half  high  and  weighed  four  hundred  and  fifty- 
two  pounds. 

Among  the  better  known  of  the  exhibited  giants  were 
Captain  Bates,  of  Kentucky,  and  his  wife,  Anna  Swann, 
of  Nova  Scotia.  Captain  Bates  enlisted  in  the  Southern 
army  at  the  beginning  of  the  American  Civil  War,  being 
readily  accepted  on  account  of  his  size,  although  he  was 
only  s'ixteen  years  of  age.  By  the  end  of  the  war  he  had 
attained  the  height  of  seven  feet  two  and  a  half  inches. 
He  gradually  increased  in  weight  also  until  he  turned  the 
scale  at  four  hundred  and  fifty  pounds.  While  in  Eng- 
land in  1871  he  married  at  St.  Martin's-in-the-Fields  Miss 
Anna  Swann,  who  measured  seven  feet  five  and  a  half 
inches.  On  neither  side  were  the  parents  of  more  than 
ordinary  stature. 

Chang,  a  celebrated  Chinese  giant,  died  at  Bourne- 


mouth in  1896,  at  the  supposed  age  of  fifty -one.  He  was 
upward  of  eight  feet  high. 

At  the  Alhambra  in  London  in  1883  was  exhibited  the 
"Queen  of  the  Amazons,"  who  was  eighteen  years  old, 
and  measured  eight  feet  and  half  an  inch. 

We  owe  much  of  our  present  knowledge  of  the  proc- 
esses of  growth  and  development  to  the  epoch-making 
work  of  Winslow,  Haller,  Meckel,  and  the  Saint-Hilaires, 
father  and  son.  Although  of  late  the  interest  of  scientific 
men  has  been  somewhat  revived  in  the  subject  we  cannot 
as  yet  be  said  to  have  made  much  advance,  except  that 
we  are  beginning  to  apprehend  more  fully  the  nature  of 
the  problems  involved.  We  are  now  realizing  the  fact 
that  growth  and  development  are  a  very  complicated 
matter.  We  see,  for  instance,  that  we  must  draw 
a  distinction  between  mere  growth,  or  what  may  be 
called  vegetative  force,  function,  and  reproductive  power. 
These  three  factors  are  more  or  less  correlated,  but  the 
correlation  often  varies  both  in  kind  and  in  degree.  Cer- 
tain cells  are  specialized  for  growth,  others  for  function, 
others  for  proliferation.  All  cells  may  at  some  time  in 
their  life  history  be  specialized  in  one  or  other  of  these 
directions  according  to  the  demands  made  upon  them, 
but  they  cannot  be  specialized  in  all  three  directions  to 
the  same  extent  at  the  same  time.  Thus  a  cell  that  is 
about  to  divide  ceases  to  grow  and  enters  into  a  resting 
stage  before  mitosis  occurs.  And  other  illustrations 
might  be  given.  Moreover,  what  is  true  of  the  cell  is 
true  of  the  community  of  cells  known  as  the  individual. 
Up  to  a  certain  period  of  lite  the  forces  of  the  body  are 
concentrated  toward  the  main  object  of  growth.  Later, 
function  becomes  more  in  evidence.  Last  of  all  the 
power  of  reproduction  becomes  established  and  per- 
fected. In  gigantism  disturbance  of  growth  in  the  direc- 
tion of  increased  stature  and  weight  is  the  predominant 
feature,  but,  as  we  shall  see,  this  does  not  occur  as  a  rule 
without  exacting  a  corresponding  penalty  in  the  degra- 
dation of  the  general  bodilj^  functions  and  the  power  of 
reproduction.  The  causes  which  lead  to  this  result  may 
be  inherent  in  the  germ  cells  so  that  they  make  their  in- 
fluence felt  quickly  in  the  construction  of  the  organism, 
or  they  may  become  operative  subsequently  to  fertilization 
and  segmentation  of  the  ovum,  either  during  intra-uter- 
ine  life  or  after  birth.  These  influences  may,  further,  be 
exerted  upon  the  body  as  a  whole  or  on  some  part  of  it. 
There  is  therefore  a  family  relationship  between  gigant- 
ism, dwarfism,  and  the  various  malformations  and  mon- 
strosities. In  both  dwarfism  and  gigantism,  which  are 
not,  as  might  at  first  sight  be  supposed,  perfect  opposites 
one  of  the  other,  there  is  not  merely  an  inhibition  or  an 
exaggeration  of  the  normal  processes  of  growth,  but  in 
the  vast  majority  of  cases  something  more,  namely,  a 
perversion  of  growth.  In  the  normal  infant  at  birth,  the 
head  and  trunk,  but  particularly  the  head,  are  relatively 
large.  As  the  time  of  pubertv  approaches  the  picture 
changes.  Grow  this  rapid  and  irregular.  The  limbs  are 
now  disproportionately  large,  the  hands  and  feet  being 
especially  prominent.  To  use  a  common  expression  the 
child  has  become  the  hobbledehoy.  Only  in  the  later 
period  of  puberty  does  the  trunk  enlarge,  the  figure  con- 
solidate, until  the  perfect  proportions  of  the  adult  are 
attained.  There  is  a  striking  parallel  between  the  hob- 
bledehoy stage  and  what  we  find  in  gigantism.  In 
giants  the  exaggeration  of  growth  is  also  disproportion- 
ate and  irregular.  The  head  is  often  small,  or  at  least 
about  the  same  size  as  the  head  of  a  normal  youth  or 
adult  of  the  same  age ;  the  increase  in  height  is  mainly 
due  to  the  excessive  growth  of  the  lower  extremities  as 
compared  with  the  rest  of  the  body.  Here,  however,  the 
parallel  ceases.  Giants  are  often  weakly  rather  than 
strong;  the  sexual  organs  are  apt  to  be  badly  developed, 
and  the  sexual  proclivities  are  sluggish  or  delayed. 
They  are  liable  to  contract  disease  and  show  signs  of 
premature  senility ;  in  fact  they  rarely  reach  middle  life. 
Dwarfs,  on  the  contrary,  are  long-lived.  They  frequent- 
ly have  the  relatively  large  head  of  tlje  infant,  with  evi- 
dences of  delayed  ossification  of  the  cartilages,  and 
genital  inadequacy,  facts  which  have  caused  many  to 
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regard  dwarf  growth  as  really  infantilism.  Unlike  the 
giants  they  frequently  possess  average  _  or  more_  than 
average  mental  powers.  It  is  clear  that  in  both  gigant- 
ism and  dwarfism  the  disturbance,  whatever  it  is,  mani- 
fests itself  mainly  in  the  rate  and  extent  of  the  growth, 
but  still  to  a  noteworthy  degree  in  disordered  function. 
And  it  is  not  merely  the  process  of  ossification  that  is  at 
fault  but  the  body  as  a  whole — bones',  soft  parts,  and  in- 
ternal organs — is  involved.  Nevertheless  the  disturbance 
of  ossification  appears  to  be  the  controlling  force,  for  it 
undoubtedly  dominates  the  picture. 

Normally,  the  growth  of  bone  depends  on  the  activity 
of  certain  specialized  cells — the  osteoblasts — which  are 
chiefly  situated  in  the  deeper  layers  of  the  periosteum,  at 
the  extremities  of  the  bones,  and  along  the  interosseous 
sutures.  Growth  in  thickness  takes  place  from  subperi- 
osteal osteoplasia;  growth  in  length  is  due  to  the  influ- 
ence of  the  osteoblasts  in  the  spongy  ends  of  the  bones 
and  in  the  epiphyseal  cartilages.  Inhibition  or  exaggera- 
tion of  stature  is  due  in  the  main  to  dystrophic  changes 
at  the  extremities  of  the  long  bones,  although  subperi- 
osteal osteogenesis  is  also  to  some  extent  interfered 
with.  The  results  depend  not  onlj'  on  the  inherent  vege- 
tative forces  at  work  in  the  cells,  but  on  the  condition  of 
the  epiphyseal  discs.  So  long  as  the  discs  are  movable, 
growth  in  length  of  the  bone  is  possible.  This  is  Inter- 
estingly borne  out  by  recent  investigations  with  the 
s-rays  in  certain  forms  of  anomalous  growth.  Joachims- 
thal "  found  in  some  lilliputians  that  he  examined  that 
the  bone  formation  was  delayed,  and  the  condition  of  the 
discs  and  of  the  bone  generally  was  strictly  comparable 
to  that  found  in  the  child,  although  the  subjects  were  in 
the  neighborhood  of  thirty  years  of  age.  Hofmeister  '^ 
also  in  cretinism  found  that  the  epiphyseal  discs  persisted 
for  a  long  time,  and  that  the  epiphyseal  ends  of  the  bones 
grew  slowly.  In  chondrodystrophiafcetalis  an  ingrowth 
of  periosteum  has  in  some  cases  been  observed  between 
the  disc  and  the  end  of  the  bone.  The  significance  of 
this  is  not  quite  clear.  In  acromegaly,  on  the  contrary, 
where  the  increase  of  size  of  the  bones,  still  at  the  distal 
ends,  is  in  breadth  and  thickness,  rather  than  in  length, 
there  is  complete  union  or  synostosis  of  the  epiphyses. 
With  regard  to  giants  we  unfortunately  have  no  infor- 
mation on  this  point,  but  I  think  we  may  fairly  infer 
that,  while  growth  is  in  excess,  epiphyseal  synostosis  is 
delayed.  The  importance  of  the  condition  of  the  epiph- 
yseal discs  in  modifying  the  extent  and  the  direction 
of  the  growth  is  also  prettily  illustrated  by  the  observa- 
tion of  Lorain,  who  found  in  some  cases  of  dwarfism 
premature  ossification  and  union  of  the  epiphyses. 

Incur  discussionof  growth  and  its  anomalies  so  far  we 
have  contented  ourselves  mainly  with  freeing  the  subject 
from  entanglements,  and  so  to  speak  preparing  the 
ground  for  action.  When  we  come  to  consider  the  more 
remote  factors  concerned  in  the  question  of  growth  we 
find  ourselves  in  a  much  more  difficult  position.  As  we 
do  not  know  what  life  is  we  can  apprehend  its  methods 
and  its  manifestations  only  in  an  imperfect  way.  Many 
of  our  ideas,  therefore,  have  to  be  based  upon  inference 
rather  than  direct  proof. 

The  part  played  by  heredity  in  gigantism,  as  in  other 
anoinabes  of  development,  is  of  considerable  interest  and 
importance.  This  factor  might  be  expected  to  be  more 
prominent  in  cases  of  congenital  gigantism,  and  as  a  mat- 
ter of  fact  It  IS  so,  but  its  influence  cannot  be  overlooked 
m  the  other  forms.  It  is  a  matter  of  common  observation 
that  parents  transmit  their  tendencies  and  peculiarities 
to  their  offspring,  and  moreover  these  peculiarities  mav 
be  traced  through  several  generations;  in  fact  they  mav 
become  familial  or  racial  characteristics.  Tljis  law 
manifests  itself  in  many  ways,  in  the  size  and  configura- 
tion of  the  body,  in  the  color  of  the  skin,  tlie  mentality 
habits,  the  susceptibility  to  disease,  and  in  many  minor 
traits.  The  peculiarities  derived  from  the  paternal  and 
maternal  sides  may  be  of  such  a  nature  as  to  neutralize  one 
another,  or  again  they  may  unite  their  forces  to  produce 
an  exaggerated  effect,  an  effect  so  pronounced  as  to  be 
marked  at  once  as  an  anomaly.     With  regard  more  par- 
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ticularly  to  gigantism,  we  do  not  meet  with  the  anomaly 
as  a  racial  characteristic  at  the  present  day.  At  most  we 
can  say  that  some  races  tend  to  be  tall  and  large,  while 
others  are  small  or  even  dwarfed.  If  the  ancient  accounts 
are  to  be  believed  giant  peoples  have,  however,  existed. 
Whatever  stress  we  may  lay  upon  this,  at  the  present 
time  gigantism  is  a  sporadic  affection.  It  is  a  suggestive 
and  striking  fact  that  once  the  tendency  toward  gigant- 
ism is  acquired  it  is  apt  to  crop  out  at  various  times  in 
the  same  lineal  descent,  exemplifying  the  law  of  atavism. 
Again  it  may  often  be  noted  that  more  than  one  of  the 
children  of  the  same  household  will  be  aflfected.  A  num- 
ber of  cases  might  be  quoted  to  illustrate  these  points. 
In  Dickinson's  case  (loc.  cit.)  mentioned  above,  a  woman 
bore  three  children  who  weighed  nine,  twenty,  and  six- 
teen pounds  respectively.  Fuchs'  case  (loc.  cit.)  was  a 
IX-para.  Her  sixth  child  weight  6  kgm. ,  her  eighth  6. 1, 
and  her  ninth  7.55.  Her  other  children  had  also  been 
heavy.  The  same  thing  has  been  noted  by  other  observ- 
ers. Goulart  refers  to  a  Polish  giant  who  was  exhibited 
in  Paris  in  1571,  and  was  so  tall  that  in  a  lofty  room  he 
could  touch  the  ceiling  with  his  head.  He  was  married 
and  had  a  son  who  promised  to  be  as  tall  as  he  was. 

James  Toller,  exhibited  in  London  in  1815,  was  seven 
feet  nine  inches  high.  His  parents  were  of  normal  build, 
but  he  had  two  sisters  of  gigantic  stature.  Louis  Frenz, 
a  French  giant,  who  was  born  in  1800,  and  measured 
seven  feet  six,  had  two  sisters  as  tall  as  he  was  and  one 
brother  who  was  much  larger.  The  family  history  of 
Robert  Hales,  "the  Norfolk  giant, "is  also  quite  striking. 
His  father  was  six  feet  and  a  half,  his  mother  six  feet, 
in  height.  One  of  his  ancestors,  who  lived  in  the  reign 
of  Henry  VIII.,  measured  eight  feet  eight  inches.  Hales 
had  five  sisters  who  averaged  six  feet  three  and  four 
brothers  who  averaged  six  feet  six.  The  tallest  of  the 
sisters  died  at  the  age  of  twenty,  measuring  seven  feet 
two.  Captain  and  Mrs.  Bates,  both  over  seven  feet, 
had  a  child  which  is  almost  the  largest  on  record.  One 
of  the  sisters  of  Chang,  the  Chinese  giant,  was  even  taller 
than  he  was,  measuring  eight  feet  four. 

These  facts  suggest  that  this  anomaly  of  growth  is  due 
to  peculiarities  inherent  in  the  germinal  cells  of  the  par- 
ents. This  view  is  supported  by  the  observations  of  En- 
gel -Reimers,"  who  has  emphasized  the  fact  that  exces- 
sive muscular  development,  the  so-called  "athletic 
habitus, "  appears  to  be  due  to  an  abnormal  hereditary 
predisposition  and  not  to  hypertrophy  from  functional 
overactivity.  This  is  well  borne  out  by  the  physical 
condition  in  new-born  giant  children.  They  frequently 
present  the  athletic  habit.  The  head  is  about  the  size  of 
that  of  the  normal  infant,  but  the  trunk  is  massive.  Now 
this  hypertrophy,  if  we  can  call  it  such,  is  clearly  not  due 
to  mechanical  work  nor  to  compensation,  nor  to  the  other 
ordinary  causes  of  overgrowth.  It  must  be  due  to  some 
disturbance  of  nutrition.  The  relative  importance  to  be 
attached  to  peculiarities  of  the  male  and'  female  germ 
cells  is  still  in  doubt,  for  in  the  recorded  cases  we  rarely 
have  any  statement  as  to  the  physical  condition  and 
development  of  the  father.  From  the  instances  cited  it 
is  evident  that  both  germinal  elements  may  play  a  part. 
But  it  is  equally  evident  that  some  idiosyncrasy  in  the 
maternal  organism  alone  is  sufficient  to  produce  the  re- 
sult. In  Fuchs'  case,  for  instance,  the  father  is  noted  as 
having  been  in  a  poor  state  of  nutrition.  This  has  led 
Werth  to  suggest  that  the  tendency  to  produce  large 
children  is  due  to  an  inherent  peculiarity  of  the  ovum, 
possibly  to  its  large  size.  However  this  may  be,  we 
have  sufficient  evidence  to  show  that  large  size  on  the 
part  of  one  or  both  parents  is  not  necessary  to  produce 
the  result  in  question.  Yet  it  seems  probable  that  physi- 
cal superiority  in  the  mother,  if  not  in  height,  at  least  in 
physical  constitution  and  nutrition,  is  an  important 
etiological  factor.  In  178  cases  of  large  and  giant  chil- 
dren collated  by  Fuchs,  166  mothers  are  noted  as  being 
of  more  than  usually  strong  physical  development  and 
nutrition.  The  remaining  12  were  weakly,  but  in  no  case 
did  their  children  exceed  4.36  kgm.  in  weight,  a  size 
which,  according  to  our  adopted  standard,  cannot  be  re- 
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garded  as  gigantic.  In  view  of  this  fact  we  see  that  the 
influence  of  maternal  development  and  nutrition  assumes 
considerable  importance.  Exceptions  to  this,  however, 
occur.  In  a  case  cited  by  Dubois,  a  woman  with  exten- 
sive tuberculosis  gave  birth  to  a  child  weighing  6.336 
kgm.,  and  another  with  severe  diabetes  had  a  child  of 
thirteen  and  a  half  pounds.  Two  possibilities  must  evi- 
dently be  considfii-ed  in  this  connection,  a  primary  pecul- 
iarity of  the  ovum  or  sperm  cell,  or  both,  and  a  con- 
dition of  increased  intra-uterine  nutrition.  The  influence 
of  peculiarities  of  the  primitive  germinal  cells  would  per- 
haps be  best  illustrated  by  instances  of  the  atavistic  mani- 
festation of  gigantism,  or  in  those  cases,  lilie  that  of 
Dubois,  in  which  the  maternal  organism  was  conspicuous- 
ly weak,  for  in  the  latter  case  increased  intra-uterine  nu- 
trition could  obviously  play  no  part.  Some  of  the  forms 
of  minor  terata,  such  as  polydactylism,  are  no  doubt  also 
of  this  nature.  Polydactylism  has  been  known  to  run 
through  a  family  for  three,  four,  or  even  five  generations, 
being  eradicated  only  in  process  of  time  by  marriage 
with  normal  persons.  Curiously  enough  polydactylism 
has  been  found  associated  both  with  dwarfism  and  with 
gigantism.  It  has  been  thought  by  some  that  mothers  in 
whom  the  function  of  menstruation  was  established  early 
were  more  likely  to  have  larger  children  tlian  others,  ap- 
parently on  the  theory  that  such  persons  were  possessed 
of  greater  reproductive  energy.  Negri  on  the  basis  of 
333  observations  has  stated  that  the  children  of  mothers 
who  began  to  menstruate  early  were  both  larger  and 
heavier  than  the  offspring  of  those  whose  menstruation 
was  late  in  coTniug  on.  This  lias  not  been  confirmed, 
however,  by  other  observers.  Tlie  point  can  probably 
not  be  decided  until  more  studies  on  the  subject  are 
forthcoming.  It  is,  nevertheless,  true,  so  far  as  the  rec- 
ords go,  that  large  children  are  more  likely  to  be  borne 
by  those  who  are  at  the  height  of  reproductive  activity 
and  who  have  had  previous  children.  In  elucidation  of 
this  point  we  may  perhaps  quote  Fuchs'  statistics.  In 
176  of  his  cases,  already  referred  to,  the  age  was  ascer- 
tained. These  were  divided  as  follows:  I.  Under  twenty 
years,  5 ;  of  this  number  5  were  primiparae.  II.  Twenty 
to  twenty-five  years,  73 ;  of  this  number  18  were  prim- 
iparse.  III.  Twenty -six  to  thirty -five  years,  75;  of  this 
number  3  were  primiparse.  IV.  Thirty-six  to  forty -eight 
years,  24;  of  this  number  none  were  primiparse. 

Between  the  ages  of  twenty  and  tliirty-flve,  the  years 
of  the  greatest  sexual  activity,  the  number  of  large  chil- 
dren was  greatest.  Now,  taking  the  third  class,  we  find 
that  only  2.6  per  cent,  were  primiparse.  If  these  results 
be  compared  with  those  obtained  from  a  series  of  1,000 
normal  births,  in  343  of  which  the  mothers  belonged  to 
the  third  age  period,  it  will  be  found  that  there  were  57 
primiparse,  a  proportion  of  16.9  per  cent.  This  corrobo- 
rates the  observation  made  a  little  while  ago  that  certain 
women  show  a  tendency  to  produce  large  children,  or  in 
other  words  that  the  tendency  once  manifested  tends  to 
perpetuate  itself. 

Intra-uterine  nutrition  is  undoubtedly  a  factor  of  con- 
siderable importance.  In  the  article  on  Dwarfism  or 
Nanosomia  in  this  volume  the  r61e  played  by  intraute- 
rine  malnutrition  in  the  causation  of  inhibited  growth  is 
dealt  with  at  some  length.  Here  syphilis,  alcoholism, 
and  tuberculosis,  together  with  lesions  resulting  in  inter- 
ference with  the  free  circulation  of  blood  through  the 
placenta,  are  of  importance.  Conversely,  an  overplus  of 
nutritive  energy  might  be  expected  to  produce  its  effect 
upon  the  fruit.  In  this  connection  we  have  to  take  into 
account  the  condition  and  surroundings  of  the  mother 
during  pregnancy.  Pinard  (cited  by  Bouchacourt '*") 
compared  the  average  weight  of  500  new-born  children 
whose  mothers  had  worked  up  to  the  time  of  delivery 
with  that  of  the  same  number  of  children  whose  mothers 
had  rested  during  the  later  weeks  of  pregnancy.  He 
found  a  notable  superiority  in  weight  and  nourishment 
in  the  offspring  of  the  latter  class.  In  a  similar  inquiry 
Bachimont  (cited  by  Bouchacourt)  in  a  series  of  4,445 
observations  found  the  excess  in  weight  for  the  latter 
class  of  children  to  be,  on  the  average,  300  gm.    In  this 


particular  it  should  be  remarked  tliat  very  large  children 
lead  perforce  to  a  condition  of  complete  inactivity  and 
inertia  on  the  part  of  the  women  pregnant  with  them. 
This  of  course  means  rest  which  tends  to  increase  in  turn 
tlie  size  of  the  cliild.  Thus  a  vicious  circle  is  induced. 
The  importance  of  intrauterine  nutrition  in  modifying 
the  weight  of  the  fruit  is  well  illustrated  by  the  good 
effect  of  dieting  in  tliose  cases  in  which  a  woman  has 
either  a  tendency  to  produce  large  children  or  else  has 
some  contraction  of  the  pelvis.  By  this  procedure  it  has 
been  found  possible  to  deliver  such  a  mother  of  a  livins 
child.  ^ 

Some  attention  had  been  directed  to  the  subject  of  pro- 
longed gestation  and  its  effect  in  producing  large  chil- 
dren. The  statistics  seem  to  show  that  this  factor  has  a 
certain,amount  of  importance,  but  it  is  probably  effec- 
tive only  when  combined  with  other  causes.  It  does  not 
seem  to  me,  however,  that  it  is  justifiable  to  place  cases 
of  this  kind  in  the  same  category  with  giant  growth.  If, 
for  example,  a  child  is  retained  within  the  uterus  for 
three  hundred  and  eight  days  instead  of  two  hundred 
and  eighty,  it  is  practically  in  the  same  position  as  an  in- 
fant one  month  old,  due  allowance  being  made  for  differ- 
ences between  intra-uterine  and  extra-uterine  modes  of 
nourishment.  Such  a  child  would  derive  no  permanent 
advantage  from  its  prolonged  retention  within  the  uterus, 
and  would  probably  develop  later  much  as  other  chil- 
dren do.  In  other  words,  the  vitium  of  excessive  growth 
is  not  inherent.  Unfortunately  many  of  these  points  we 
have  touched  upon  cannot  be  verified  by  any  large  series 
of  observations.  Gigantism  in  the  first  place  is  much 
rarer  than  dwarfism.  Then  the  majority  of  giant  chil- 
dren are  still-born.  Even  those  cases  in  which  giant 
growth  manifests  itself  later  in  life  are  beset  with  diflS- 
culties.  The  number  of  carefully  made  studies  is  not 
great  and  prolonged  observation  is  rarely  possible,  not 
only  from  the  fact  that  giants  are  apt  to  die  early,  but 
on  account  of  their  nomadic  kind  of  life. 

In  dealing  with  the  question  of  heredity  we  have  ad- 
duced numerals  facts  to  show  its  importance  in  the  cau- 
sation of  anomalous  forms  of  growth.  The  influence  of 
this  factor,  while  perhaps  more  direct  and  striking  in  the 
case  of  giant  births,  is  nevertheless,  as  we  have  shown,  to 
be  taken  into  account  in  the  post-natal  forms.  But  be- 
sides this  we  have  to  consider  the  bearing  of  internal 
metabolism  on  the  subject.  The  more  recent  work  done 
on  cretinism  and  the  results  of  the  experimental  removal 
of  the  thyroid  gland  have  taught  us  that  a  condition  of 
athyroidea,  which  undoubtedly  acts  by  perverting  the 
metabolic  processes  of  tlie  organism  involved,  has  a  pro- 
found effect  on  the  function  of  growth  and  development, 
namely,  in  the  direction  of  inhibition.  In  that  other  most 
remarkable  perversion  of  growth,  acromegaly,  where 
there  are  enlargement  and  deformity  of  the  body,  or  ex- 
cessive growth,  gross  lesions  of  the  pituitary  body  have 
been  found.  Disorders  of  internal  secretion  obviously 
are  of  some  importance. 

The  general  resemblance  between  acromegaly  and 
gigantism  has  led  to  the  promulgation  of  the  view  that 
the  two  conditions  are  one  and  the  same  thing,  and  the 
controversy  over  this  point  has  waxed  hot  and  heavy. 
"Without  being  prejudiced  on  either  side,  I  think  that  the 
careful  observer  cannot  fail  to  be  impressed  with  the  par- 
allelism which  exists  between  the  two  affections.  Bris- 
saud  and  Meige  have  been  the  chief  exponents  of  the 
identity  theory,  while  Marie,  who  first  differentiated 
acromegaly  as  a  disease  entity,  though  he  has  somewhat 
receded  from  his  first  position  that  acromegaly  and 
gigantism  are  entirely  distinct,  has  not  been  entirely 
convinced  by  the  arguments  adduced  against  his  po- 
sition. 

Marie  in  his  first  studies  on  acromegaly  summarized  it 
as  a  peculiar  affection,  characterized  by  a  massive  hyper- 
trophy of  the  bones  of  the  extremities  and  the  extremities 
of  the  bones.  He  admitted  that  a  number  of  cases  had 
been  confounded  with  gigantism,  for  the  reason  that  at- 
tention had  been  directed  to  the  excessive  height  to  the 
exclusion  of  the  less  obtrusive  signs,  while  the  disease  in 
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those  of  normal  stature  had  been  overlooked.  Shortly 
after,  Guinon,"  following  Marie's  lead,  took  the  same  po- 
sition that  the  two  affections  were  essentially  different,  on 
the  ground  that  as  our  knowledge  had  increased  it  had 
to  be  recognized  that  persons  with  acromegaly  were  by 
no  means  always  gigantic ;  in  fact  they  were  often  below 
the  average  height,  and  again  that  the  configuration  of 
the  body  was  different  in  both.  The  various  parts  of  the 
face  and  limbs  preserved  their  normal  proportions  in 
gigantism  while  the  course  of  the  two  affections  was  dif- 
ferent. Gruinon  even  went  so  far  as  to  state  that  gigant- 
ism is  as  a  rule  simply  an  exaggeration  of  a  normal 
process,  while  acromegaly  is  a  disease.  It  is  undoubted- 
ly a  fact  that  typical,  or  what  we  might  call "  text-book  " 
cases  of  the  two  affections  present  an  entirely  different 
picture.  There  have  been  some  giants  that  presented 
none  of  the  morphological  characteristics  of  acromegaly, 
as  there  have  been  persons  with  acromegaly  that  were 
not  giants.  It  ought  to  be  unnecessary,  however,  to 
point  out  that  even  the  best-known  diseases  present  at 
times  wide  variations  from  the  type.  The  case  of 
typhoid  fever,  for  instance,  need  only  be  mentioned. 
This  being  the  case  it  by  no  means  follows  that  two  dis- 
eases, at  first  sight  dissimilar,  have  nothing  in  common, 
or  even  that  they  are  not  due  to  the  same  cause.  The 
point  may  he  further  illustrated  by  the  liistory  of  cretin- 
ism and  myxcfidema.  At  one  time  it  was  believed  that 
these  conditions,  which  in  many  ways  are  so  unlike  one 
another,  at  least  to  superficial  examination,  were  distinct 
diseases.  More  careful  study  has,  however,  shown  that 
both  depend  on  a  condition  of  athyroidea,  and  few  will 
be  found  now  to  deny  that  cretinism  and  myxcedema  are 
one  and  the  same  thing.  The  modifying  factor  has  been 
found  to  be  the  age  and  the  concomitant  stage  of  develop- 
ment of  the  affected  individual.  If  athyroidea  becomes 
manifest  in  infancy  before  the  bony  skeleton  is  consoli- 
dated we  get  cretinism.  If  it  develop  later,  when  the 
bony  skeleton  is  complete,  the  soft  parts  only  are  involved 
and  we  get  myxoedema.  It  is  unsafe  then  to  conclude 
that  one  and  the  same  cause  may  not  at  times  produce 
widely  different  results.  In  other  words,  the  tropho- 
genic  function  of  the  individual  may  be  so  predominant 
that  it  is  suflicient  to  alter  a  morbid  state  almost  beyond 
recognition.  It  has  already  been  pointed  out  that  the 
normal  process  of  growth  manifests  itself  most  strongly 
at  the  epiphyseal  ends  of  the  long  bones,  and  that  increase 
in  length  of  the  bones  is  possible  only  so  long  as  the 
epiphyseal  discs  remain  ununited,  save  by  the  softer 
structures,  to  the  diaphyses.  Similarly,  the  abnormal 
processes  of  growth,  such  as  dwarfism  and  gigantism, 
manifest  themselves  at  the  same  points.  Deficient  vege- 
tative energy  in  early  life  will  result  in  stunting  the 
growth  of  the  long  bones,  and  the  same  thing  will  happen 
if  the  epiphyseal  cartilages  are  prematurely  ossified.  Ex- 
cessive vegetative  power  during  adolescence  results  in  in- 
crease in  height ;  if  synostosis  of  the  epiphyses  has  taken 
place,  as  occurs  in  adult  life,  then  it  is  conceivable  that, 
increase  in  length  being  impossible,  increase  in  breadth 
and  thickness  must  occur.  Do,  then,  acromegaly  and 
gigantism  bear  to  one  another  a  relationship  similar  to 
that  existing  between  myxoedema  and  cretinism  'l  Many 
facts  point  in  this  direction.  Numerous  observations 
have  shown  that  acromegaly  frequently  supervenes  in 
gigantism.  Surmont^^  in  1890  reported  a  case  of  acro- 
megaly in  a  girl  of  eighteen,  in  whom  the  symptoms 
were  pi-eceded  by  a  notable  increase  in  the  size  of  the 
body.  The  enlargement  was  generalized,  but  most 
marked  at  the  extremities.  By  rom  Bramwell "  mentions 
the  case  of  a  giantess  who  was  attacked  by  acromegaly 
S  wanzy '« also  demonstrated  the  lesions  of  acromegaly  on 
the  skeleton  of  McGrath,  the  Irish  giaut,  before  the  Royal 
Academy  of  Medicine  of  Ireland.  Sliattock "  believed 
the  skull  of  O'Brien  to  be  acromegalic.  In  1893  Dana '« 
published  two  cases  of  acromegaly  associated  with 
gigantism,  and  he  remarks  that  the  coincidence  of  the 
two  affections  is  more  common  than  has  usually  been 
supposed.  He  further  mentions  a  great  many  s3'mptoms 
which  they  have  in  common,  and  briugs,out  the  most  im- 
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portant  point,  viz. ,  that  out  of  twelve  autopsies  on  giants 
the  pituitary  body  was  enlarged  in  ten.  In  the  case 
of  "Adma,"  a  French  giantess,  who  died  at  the  age  of 
twenty-one,  measuring  six  feet  eight  and  a  half  inches, 
Hutchinson  states'*  that  the  face  and  extremities  pre 
sen  ted  the  well-known  features  of  acromegaly  At  the 
autopsy  the  pituitary  gland  was  found  to  be  consider- 
ably enlarged.  A  striking  case,  also,  is  reported  by 
Brissaud  and  Meige.^'  J.  P.  Mazas,  the  giant  of  Mon- 
tastruc,  began  to  grow  rapidly  when  thirteen  years  of 
age,  and  became  very  strong  and  robust.  At  twenty-one 
years  he  was  312  cm.  high,  eventually  reaching  220  cm. 
At  the  age  of  thirty-seven  he  experienced  a  severe  pain 
in  the  back,  which  he  attributed  to  lifting  a  heavy 
weight.  Deformity  of  the  back  set  in  and  his  height 
began  to  diminish.  He  gradually  developed  enlarge- 
ment of  the  face  and  extremities,  headache,  weakness, 
intellectual  and  sexual  torpor,  and  all  the  classic  symp- 
toms of  acromegaly.  Sternberg,^'  also,  in  an  elaborate 
paper  on  the  subject  found  signs  of  acromegaly  in  forty 
two  per  cent,  of  giants.  More  recently  Walker  3"  re- 
ported an  instance  of  acromegaly  in  a  boy,  who  began  to 
grow  rapidly  when  six  years  old,  and  who  at  sixteen  was 
six  feet  five  and  a  third  inches  high,  and  weighed  two 
hundred  and  forty-five  pounds.  Bonardi  '*  refers  to  the 
case,  already  mentioned  in  another  connection,  of  a  boy 
who  at  the  age  of  fifteen  had  the  size  and  development 
of  an  adult  male.  When  twenty-two  years  old  he  began 
to  suffer  from  pains  in  the  head  and  nausea.  Soon  after, 
general  weakness  set  in,  with  enlargement  of  the  hands, 
feet,  maxillae,  and  tongue.  At  twenty-nine  he  was  194 
cm.  high  and  was  typically  acromegalic.  By  a  careful 
study  of  the  recorded  cases  we  see,  therefore,  that  a  con- 
siderable degree  of  parallelism  exists  between  the  two 
affections.  Perhaps  the  most  important  points  are  to  be 
noted  in  the  skeleton. 

The  typical  features  in  acromegaly  are  enlargement  of 
the  bones  of  the  face  and  extremities.  The  hands  are 
"spade-like,"  and  the  fingers  rounded.  In  severer  cases 
all  the  bones  of  the  body  become  involved.  The  thorax 
enlarges  and  the  trunk  becomes  scoliotic,  so  that  a  loss  of 
height  takes  place.  There  exist,  however,  lesser  disturb- 
ances of  bone  formation  that  are  difficult  to  class,  being 
on  the  border  line  between  gigantism  and  acromegaly. 
In  such  cases  the  dystrophic  disturbance  is  confined  to 
one  or  more  parts  of  a  member,  or  to  two  members  sym- 
metrically. Such  malformations  may  be  both  congenital 
and  acquired.  Of  such  a  nature  are  those  cases  in  which 
there  is  deformity  of  the  face  without  enlargement  of  the 
hands.  Chauffard^'  reports  a  case  in  which  a  man  of 
thirty-two  presented  the  features  of  prognathism,  macro- 
glossia,  prominence  of  the  external  occipital  protuberance, 
headache,  anoemia,  loss  of  vision  to  the  right,  and  slight 
kyphosis.  Some  of  the  anomalies,  then,  that  are  to  be 
found  in  acromegaly  may  be  found  without  the  other 
features  of  the  disease  in  certain  forms  of  developmental 
dystrophy,  and  may  arouse  a  suspicion  as  to  the  acro- 
megalic nature  of  the  case.  When  such  peculiarities  are 
met  with  in  giants  we  may  properly  inquire  whether 
they  are  the  stigmata  of  acromegaly,  or  whether  they 
merely  simulate  that  disease.  In  giants  thickenings  of 
the  extremities  of  the  long  bones,  hyperostoses,  and  ex- 
ostoses have  been  noted,  identical  with  those  that  for  so 
long  have  been  regarded  as  characteristic  of  acromegaly. 
Deformities  of  the  knees,  which  as  Osborne,  Middleton, 
Schultze,  Hitschmann,  and  Roswell  Park  have  shown, 
are  fairly  common  in  acromegaly,  have  also  been  met 
with  in  gigantism.  Lucas  Championnifere  in  1899  de- 
monstrated to  the  Academy  of  Medicine  a,  giant,  aged 
twenty-seven,  who  measured  303  cm.,  and  presented  an 
extreme  genu  valgum.  This  peculiarity  has  a  double 
interest  in  that  it  affords  a  link  between  acromegaly  and 
gigantism,  and  also  connects  the  latter  with  infantilism. 
The  curvature  of  the  spine  and  the  rounded  thorax,  so 
often  found  in  acromegaly,  have  been  found  in  gigantism, 
but  our  information  is  defective  in  tills  regard. 

With  respect  to  muscular  power  great  variations  may 
occur  both  in  gigantism  and  in  acromegaly.     Several  ob- 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Gigantism. 
Glgautism. 


servers,  notably  Meige,  Dallemagne,  Virchow,  P.  Marie, 
Souza-Leite,  Bourneville,  and  Regnault,  have  noted 
acromegaly  developing  in  persons  of  exceptional  muscu- 
lar vigor.  Some  giants,  like  tlie  Emperor  Maximin  and 
the  Countess  Lodolska,  have  been  of  great  strength. 
This,  however,  seems  to  be  the  exception.  Geoflroy 
Saint-Hilaire  states  that  giants  are  "without  activity, 
without  energy,  slow  in  their  movements,  avoiding 
work,  quickly  fatigued;  in  a  word,  feeble  in  body  as 
well  as  in  mind. "  Amyasthenia  and  general  weakness  are 
by  no  means  uncommon  in  acromegaly. 

As  is  well  recognized  there  is  a  characteristic  facies  in 
acromegaly.  Meige  is  our  authority  for  the  statement 
that  giants  who  are  still  in  the  period  of  growth  present 
no  special  facial  peculiarities.  In  those  who  have  ceased 
to  grow  there  is  an  exaggerated  development  of  the  face 
as  compared  with  the  cranium.  We  can  sometimes  note 
that  the  malar  eminences  are  prominent,  the  lower  jaw 
enlarged,  and  the  angle  widened,  while  the  lips  are  thick. 
The  beard  is  often  thin,  the  skin  thick  and  dark,  the 
pupils  dull,  and  the  whole  appearance  lacks  vivacity. 
These  peculiarities  are  by  no  means  invariable  in  giants, 
nor  indeed  are  they  so  in  acromegaly.  We  have  to  allow 
here  as  elsewhere  for  individual  variations.  In  fact,  we 
may  perhaps  with  Hoffmann  distinguish  between  acro- 
megaly of  the  soft  parts  and  acromegaly  of  the  bones.  ^^ 
Meige  is,  on  the  whole,  inclined  to  believe  that  the  face 
in  giants  at  one  time  approaches  the  acromegalic  type,  at 
another  the  infantile. 

Vascular  disturbances  have  been  found  in  both  acro- 
megaly and  gigantism.  In  both  the  pulse  is  slow,  the 
circulation  sluggish,  and  there  may  be  varices. 

Pains  in  the  head  have  been  found  in  both  affections. 
Pains  also  in  the  limbs,  vertebral  column,  and  the  viscera, 
have  been  met  with  in  about  half  the  recorded  cases  of 
acromegaly.  These  may  simply  amount  to  a  sense  of 
fatigue  or  lameness,  but  may  be  actually  articular,  mus- 
cular, or  neuralgic.  It  is  a  popular  belief  that  rapid 
growth  in  children  is  associated  with  " growing  pains," 
and  it  is  interesting  that  the  same  thing  has  often  been 
noted  in  giants.  In  the  case  of  McGrath,  for  instance, 
the  increase  in  growth  was  associated  with  the  most  vio- 
lent pains  in  the  limbs. 

Visual  disorders  have  been  met  with  both  in  acro- 
megaly and  in  gigantism.  In  acromegaly,  at  least,  they 
have  been  found  to  be  dependent  on  the  presence  of  a 
tumor  of  the  pituitary  body. 

Polydipsia,  polyphagia,  and  abundant  sweating  have 
been  observed  in  both  affections.  Polyuria  and  glyco- 
suria are  occasionally  met  with  in  acromegaly  and  in 
giants  who  become  acromegalic. 

In  both  gigantism  and  acromegaly  there  is  often  to  be 
noted  sexual  frigidity  in  the  male,  and  amenorrhcea  in 
the  female. 

To  sum  up,  the  two  affections  frequently  have  the  fol- 
lowing symptoms  in  common-  asthenia  in  the  widest 
sense  of  the  term ;  muscular  weakness,  notwithstanding 
the  absence  of  atrophy ;  intellectual  degradation ;  melan- 
choly; headache;  diminution  of  sexual  desire  in  the 
male ;  amenorrhoea  in  the  female ;  alterations  in  the  skin ; 
varices.  Lastly,  of  a  great  importance,  lesions  of  the 
pituitary  gland  have  been  found  in  a  majority  of  both 
affections. 

Further,  the  influence  of  heredity  is  marked  in  acro- 
megaly as  in  gigantism,  and  indeed  it  is  not  uncommon 
in  probing  into  the  family  history  to  find  that  acromegaly 
and  gigantism  are  liable  to  be  met  with  in  the  same  fam- 
ily. Schwoner,  for  instance,  records  ^^  a  case  of  acromeg- 
aly in  a  woman  of  forty-five,  whose  mother  had  become 
acromegalic  at  fifty.  All  the  members  of  the  family 
on  both  sides  of  the  house  are  noted  as  having  been  of 
great  stature.  Lackey  '^^  describes  a  case  of  acromegaly 
in  a  negro  who  reached  the  extraordinary  height  of  eight 
feet  six.     His  grandfather  is  said  to  have  been  a  giant. 

In  view  of  the  facts  outlined  above,  Brissaud  and  Meige 
would  discover  a  general  principle  underlying  the  dys- 
trophic disturbances  that  result  in  excess.  Growth  at  all 
periods  of  life  tends  to  be  manifested  most  conspicuously 


at  the  epiphyseal  ends  of  the  long  bones.  The  effect 
produced  is  controlled  by  the  age  of  the  patient,  or,  in 
other  words,  by  his  vegetative  capacity  and  the  condition 
of  his  epiphyseal  cartilages.  The  same  pathological  proc- 
ess which  in  the  young  gives  rise  to  gigantism  will,  if 
continued  after  the  normal  period  of  growth  in  stature 
is  passed,  cause  acromegaly.  If  it  becomes  operative  in 
later  youth,  when  the  bones  are  largely  formed  but  growth 
is  not  complete,  we  get  a  combination  of  acromegaly 
with  gigantism.  This  is  to  some  extent  corroborated  by 
the  lesions  in  acromegaly,  for,  as  Marie  himself  has 
shown,  in  cases  of  acromegaly  that  begin  early  in  life, 
the  extremities  are  more  elongated  than  thickened,  and 
are  quite  unlike  the  spado-like  extremities  characteristic 
of  the  disease  as  it  occurs  in  later  life.  Further,  it  may 
be  safely  stated  that  acromegaly  has  never  preceded 
gigantism,  while  acromegaly  has  succeeded  gigantism  in 
almost  half  the  cases.  Brissaud  and  Meige,  however, 
would  go  further.  They  see  the  same  principle  at  work 
in  the  chronic  rheumatism  so-called  of  the  aged,  in  rheu- 
matoid arthritis  and  gout;  in  youth,  in  gigantism;  in 
adult  life,  in  acromegaly ;  in  old  age,  in  nodes.  They 
support  this  by  an  observation  made  by  Gaston  and 
BrouardeP*  with  the  a-rays  on  a  woman  of  sixty,  who 
began  to  show  signs  of  acromegaly  at  forty-two  after  the 
menopause.  The  disease  was  slowly  progressive,  and 
thickenings  in  the  form  of  nodules  could  be  made  out  on 
the  epiphyseal  lines. 

Without  endorsing  the  rather  startling  proposition  put 
forth  by  Brissaud  and  Meige,  that  "acromegaly  is 
gigantism  of  the  adult;  gigantism  is  acromegaly  of 
adolescence,"  it  seems  to  me  that  the  unprejudiced  ob- 
server cannot  fairly  deny  that  they  have  proved  their 
main  contention.  There  is  undoubtedly  a  close  connec- 
tion between  acromegaly  and  gigantism,  and  the  two 
affections  in  a  large  proportion  of  cases  merge  gradually 
one  into  the  other.  Gigantism  frequently  becomes  acro- 
megaly. But  how  about  the  other  fifty-eight  per  cent,  of 
cases  of  gigantism  that  present  no  signs  of  acromegaly? 
Are  these,  too,  of  the  same  nature,  or  are  they  in  a  differ- 
ent category  ?  It  is  not  impossible  nor  even  unlikely  that 
some  of  them  are  due  to  the  same  factors  as  acromegaly, 
as  it  is  ordinarily  understood.  Here  we  have  to  consider 
the  natural  variations  of  disease.  Diseases  do  not  inva- 
riably run  their  course.  They  may  become  ameliorated 
or  may  be  aborted.  Acromegaly  itself  may  present  an 
extremely  slow  progression,  and  in  fact  may  cease  to  ad- 
vance. A  fatal  termination  does  not  always  occur.  It 
may  well  be,  therefore,  that  acromegaly  beginning  in 
early  adolescence  may  progress  only  sufficiently  far  to 
produce  increase  in  length  of  bone  without  the  other 
signs  supervening.  It  may  be  recalled  in  this  connection 
that  the  majority  of  giants  die  early.  Byrne,  the  Irish 
giant,  died  at  twenty-two;  James  Toller  at  twenty-four; 
the  "Queen  of  the  Amazons"  at  about  twenty.  This 
may  perhaps  be  the  effect  of  the  acuteness  of  their  mal- 
ady, but  in  many  cases  it  is  due  to  intercurrent  disease, 
as  the  resistin g  power  of  giants  is  notoriously  low.  How- 
ever this  may  be,  it  is  plain  that  many  giants  die  before 
the  period  of  age  incidence  of  acromegaly,  that  is  to  say, 
before  adolescence  is  completed.  We  cannot  therefore 
say  that  they  would  not  have  become  acromegalic  had 
they  lived.  It  is  possible,  therefore,  that  the  majority 
of  the  cases  of  gigantism  are  dependent  on  the  same 
pathological  factors  as  acromegaly. 

There  has  been  considerable  debate  as  to  the  exact  na- 
ture of  tlie  cause  or  causes  at  work  in  acromegaly.  Klebs 
advanced  the  theory  that  acromegaly  is  due  to  angioma- 
tosis. Vascular  lesions  are  undoubtedly  present  both  in 
acromegaly  and  in  gigantism.  Witness  the  arterioscle- 
rosis, the  varices,  the  vaso-motor  ataxia,  and  the  hyper- 
trophy of  vessels  to  adjust  themselves  to  the  increased  size 
of  the  body.  But  there  is  no  proof  of  any  new  formation 
of  vessels.  Lancereaux,  again,  has  suggested  that  it  is 
a  trophoneurosis.  The  enlargement  of  the  hands  and  the 
disturbed  innervation  met  with  in  syringomyelia  might 
suggest  this.  This  view  is  not,  however,  supported  by 
any  known  facts,    von  Strlimpell  has  thought  that  it  is  a 
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congenital  dystrophy.  The  majority  of  observers  are,  I 
think,  practically  agreed  that  acromegaly  is  dependent 
on  some  gross  lesion  of  the  pituitary  body,  m  the  form 
of  hypertrophy,  cystic  growth,  adenoma,  or  other  tuinor 
growth.  Osborne  believes  that  gigantism  in  its  perfect 
development  is  due  to  a  normal  hypertrophy  of  tlie 
pituitary  gland;  that  is,  to  a  hypersecretion  occurring 
at  the  age  of  puberty  or  age  of  general  or  symmetrical 
body  growth  and  development.  He  believes  furtJier 
that  gigantism  will  remain  such  as  long  as  the  pituitary 
body  is  in  normal  hypertrophy,  but  that  these  cases  of 
gigantism  will  assume  later  an  acromegalic  type,  if,  as  is 
often  the  case,  the  pituitary  body  begins  to  take  on  path- 
ological conditions.  In  other  words,  he  believes  that  an 
excess  of  normal  secretion  from  the  pituitary  gland  is  the 
cause  of  gigantism,  while  perverted  secretion  is  the  cause 
of  acromegaly.  This  conception  is  very  different  from 
that  of  Brissaud  and  Meige,  in  that  it  attributes  the 
lesions,  which  we  call  gigantism  and  acromegaly,  to  two 
distinct  and  separate  states  of  the  pituitary  function. 
Brissaud  and  Meige's  view  implies  that  the  same  con- 
dition of  the  pituitary  function  is  at  work  in  both  cases, 
any  differences  in  the  results  produced  being  attributable 
to  the  age  period  at  which  the  process  begins.  We  know 
so  little  of  the  nature  of  the  normal  function  of  the 
pituitary  body,  and  indeed  of  its  disturbances,  that  it 
would  be  hazardous  as  yet  to  express  an  opinion  either 
way.  For  my  part  I  cannot  understand  the  term  "nor- 
mal hypertrophy,"  as  applied  to  the  pituitary.  We 
have,  it  is  true,  what  might  be  called  normal  or  physi- 
ological hypertrophy  in  the  case  of  the  pregnant  uterus 
and  possibly  in  the  functioning  breast,  yet  this  is  but  a 
temporary  condition  and  is  parallcd,  so  far  as  I  know, 
nowhere  else  in  the  body.  Gigantism  is  an  abnormal 
condition,  and  to  my  mind  cannot  be  explained  on  the 
basis  of  a  "normal"  hypertrophy.  It  may,  however,  be 
true  that  it  is  due  to  an  excess  of  pituitary  secretion. 
But  if  this  can  produce  increase  in  the  length  of  bone, 
why  is  it  not  also  competent  to  produce  increase  in  thick- 
ness of  bone  ?  One  seems  as  likely  as  the  other.  Whether 
acromegaly  is  due  to  a  hypersecretion  on  the  part  of  the 
pituitary,  as  many  seem  to  think,  or  to  a  diminution  of 
the  secretion,  or  again  to  a  perverted  secretion,  cannot, 
however,  be  regarded  as  settled.  Tumors,  cysts,  and 
plain  hypertrophy  of  the  pituitary  have  been  found  in 
the  majority  of  autopsies  on  acromegalic  cases,  and  tu- 
mors of  the  pituitary  in  acromegalic  giants  (Buday  u. 
Jancto,  3"  Oestreich  u.  Slawyk  si).  Possibly  simple  hyper- 
trophy or  adenomatous  growths  may  imply  oversecre- 
tion ;  but  cysts  or  destructive  tumors,  like  the  sarcomata 
that  are  so  frequently  found,  might  be  interpreted  as 
lessening  the  amount  of  secretion.  Conversely,  tumors 
of  the  pituitary  may  exist  without  signs  of  acromegaly, 
as  in  two  cases  that  have  come  under  my  own  observa- 
tion. Both  Were  malignant  (one  sarcoma  and  one  endo- 
thelioma). Here  we  must  assume  either  that  the  pitui- 
tary was  able  to  furnish  the  proper  amount  and  kind  of 
secretion,  or  else  that  compensation  had  taken  place 
We  are  realizing  more  and  more  the  importance  of  the 
principle  of  compensation  in  regard  to  the  body  metabol- 
ism. We  see,  for  instance,  that  there  is  a  close  relation- 
ship between  the  thyroid  gland  and  the  pituitary  body 
In  acromegaly  the  thyroid  gland  has  been  found  hv- 
pertrophied,  cystic,  or  atrophic,  and  the  disease  may 
be  complicated  by  the  symptoms  of  exophthalmic  goitre 
or  myxoedema.  In  this  connection  may  be  mentioned  a 
most  remarkable  case,  reported  by  Pope  and  Clarke  '8  in 
which  a  man  suffering  from  acromegaly  had  a  daughter 
with  myxosdema  and  an  atrophied  thyroid  who  at  the 
age  of  twenty  presented  the  physical  and  mental  charac- 
ters of  a  child  of  five.  Ponfick,  Hymanson,  Pineles  and 
Green,  m  particular,  have  noted  the  association  of  acro- 
megaly with  myxoedema,  and  Murray  ^^  its  combination 
with  exophthalmic  goitre.  Conversely,  the  pituitarv 
has  been  found  enlarged  incases  in  which  the  thvroid 
was  atrophied  (Boyce  and  Beadles'""),  and  when  this  oc 
curs  It  seems  to  prevent  at  least  the  immediate  results  of 
thyroid  defect,  namely,  cretinism  or  myxoedema.     In  the 
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article  on  Dwarfism,  by  the  present  writer,  in  this  vol- 
ume, the  relationship  of  thyroid  dystrophy  to  that  other 
anomaly  of  growth  allied  to  gigantism,  namely,  dwarf- 
ism, is  dealt  with  at  length,  and  it  is  there  shown  how 
the  condition  of  athyroidea  may  result  in  inhibited  growth 
and  genital  insufficiency.  The  stigmata  of  infantilismin 
acromegaly  and  in  gigantism  have  suggested  the  possi- 
bility of  disorder  of  the  thyroid  in  these  affections,  and 
there  have  not  been  wanting  those  who  would  attribute 
acromegaly  to  thyroid  dystrophy.  Facts,  however,  do 
not  favor  this  view. 

Genital  hypoplasia  and  malformation,  as  well  as  geni- 
tal inadequacy,  have  been  met  with  in  dwarfism,  cretin- 
ism, infantilism,  gigantism,  and  acromegaly,  and  this 
leads  us  to  discuss  in  how  far  disorders  of  the  sexual  ap- 
paratus are  responsible  for  anomalies  of  growth.  In  this 
connection  a  number  of  interesting  facts  may  be  adduced. 
The  sexual  languor,  as  it  might  be  termed,  found  in  both 
acromegaly,  and  gigantism,  has  been  referred  to.  Gamier 
and  Santenoise^'  have  observed  a  case  of  gigantism  asso- 
ciated with  feminism,  cryptorchidism,  and  polysarcia. 
Thoma^'  mentions  having  met  with  defective  formation 
of  the  genital  organs  in  a  Case  of  hemihypertrophy.  In. 
acromegaly,  as  soon  as  the  changes  in  the  bones  become 
manifest,  the  secondary  sexual  attributes  are  changed. 
In  the  male  the  hair  becomes  scanty,  while  in  the  female 
hair  is  apt  to  grow  on  the  face  much  as  it  does  after  the 
menopause  or  in  ovarian  disorders.  The  larynx  hyper- 
trophies and  the  voice  deepens.  Infantilism  and  hypo- 
plasia of  the  genital  organs  have  also  been  observed"  in 
cases  of  tumor  growth  in  the  pituitary  in  the  absence  of 
signs  of  acromegaly.  Some  years  ago  I  performed  an 
autopsy  on  a  woman  about  thirty  years  of  age  who  had 
a  perithelial  sarcoma  of  the  pituitary  without  signs  of 
acromegaly,  in  whom  the  genital  organs  were  markedly 
undeveloped.  Babinski  also  reported  to  the  Neurologi- 
cal Society  of  Paris  (June  7th,  1900)  the  case  of  a  girl  of 
seventeen,  who  presented  the  signs  of  infantilism,  amen- 
orrhcEa,  abundant  fat,  scantiness  of  hair,  but  without 
acromegaly.  She  developed  pains  in  the  head  with  dis- 
ordered vision,  and  epileptiform  convulsions.  After 
death  it  was  discovered  that  she  had  a  tumor  of  the 
pituitary.  It  is  clear  then  that  there  is  some  relationship 
between  lesions  of  the  pituitary  and  thyroid  glands  and 
genital  disturbances.  What,  then,  is  the  primary  disor- 
der which  leads  to  such  extraordinary  anomalies  of 
growth  and  development?  Breton  and  Michaut*^  have 
suggested  that  there  is  a  trophic  deviation  of  the  genital 
activity  to  the  bone  marrow  so  that  the  medullary  bone- 
forming  function  preserves  its  activity  indefinitely.  The 
cessation  of  genital  activity  would  lead  to  acromegaly. 
This  view  is  somewhat  similar  to  that  promulgated  pre- 
viously by  Freund,  Klebs,  and  Verstraeten,  who  held 
that  there  is  a  disturbance  of  the  evolution  of  the  genital 
function.  If  genital  evolution  is  in  excess  we  get  gigant- 
ism and  acromegaly ;  if  defective,  we  get  infantilism  and 
dwarf  growth.  It  is,  of  course,  well  recognized  that 
with  the  onset  of  puberty  the  efflorescence  of  the  sexual 
characteristics  is  coincident  with  increased  growth  and 
development  of  the  body  as  a  whole.  The  operation  of 
castration  has  been  observed  to  exert  a  notable  effect  on 
the  stature  of  the  body  as  well  as  in  inhibiting  the 
development  of  tlie  secondary  sexual  peculiarities.  In 
eunuclis  the  height  is  often  extreme.  This  is  due  chiefly 
to  a  disproportionate  increase  in  the  length  of  the  legs. 
Lortet  has  confirmed  this  statement  by  an  examination  of 
the  skeleton  of  an  Egyptian  eunuch  196  cm.  high.  In 
castrated  animals,  the  capon  and  the  ox,  the  same  in- 
creased growth  of  the  lower  or  hind  extremities  is  to  be 
observed.  Silva^*  has  further  recorded  a  curious  obser- 
vation in  a  youth  who  was  normal  until  the  age  of  thir- 
teen. The  testes  then  remained  atrophic  and  when  about 
twenty  he  began  to  grow  rapidly,  eventually  manifesting 
some  enlargement  of  the  head  and  extremities,  muscular 
weakness,  anosmia,  slight  scoliosis,  to  such  a  degree  as 
to  suggest  acromegaly. 

While  such  facts  as  those  just  mentioned  are  sugges- 
tive of  somQ  relationship  between  genital  insufliciency 
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and  disorders  of  growth  and  nutrition,  to  my  mind  the 
evidence  is  not  strong  enough  to  induce  us  to  accept  the 
view  tliat  deficiency  of  tlie  genital  organs  is  the  cause  of 
these  disorders.     Two-thirds  of  the  cases  of  acromegaly 
develop  after  puberty  is  practically  reached.     The  loss 
of  sexual  power  in  the  male  is  gradual  and  progresses 
pari  passu  with  the  extension  of  the  disease  itself.     In 
the  female,  too,  while  amenorrhoea  is  a  frequent  and 
often  the  first  symptom  of  the  disease,  it  is  not  invariable. 
Again  genital  hypoplasia  and  other  signs  of  infantilism 
are  often  present  in  dwarfs,  and  the  argument  might  be 
applied  with  equal  force  to  explain  dwarfism.     The  same 
cause  could  hardly  produce  at  one  time  dwarfism  and  at 
another  gigantism.     Moreover,  while  genital  hypoplasia 
has  been  often  observed  in  cases  of  thyroid  atrophy  and 
gross  lesions  of  the  pituitary  body,  so  far  as  is  known 
castration  does  not  produce  a  converse  effect  on  these 
particular  organs.     While,  then,  genital  hypoplasia  un- 
doubtedly plays  some  r61e  in  osteogenesis,  it  seems  to 
be  quite  a  subordinate  one,  and  appears  to  be  inadequate 
to  explain  the  more  marked  aberrations  from  the  normal 
path  of  development.     The  functions  of    the  thyroid 
gland,  the  pituitary  body,  and  the  sexual  organs  are, 
however,  no  doubt  correlated,  and  it  is  probable  that  the 
normal  course  of  growth  and  development  is  dependent 
on  a  certain  balance  of  power  exerted  by  these  glands. 
Of  what  nature  is  this  correlation  we  are  to  a  great  ex- 
tent in  the  dark.     It  is  generally  believed  that  the  glands 
mentioned'  produce  internal  secretions  that  are  essential 
to  the  normal  course  of  the  metabolic  processes.     The 
evidence  in  favor  of  this  is  less  strong  in  the  case  of  the 
sexual  organs  (testes  and  ovaries)  than  for  the  other  or- 
gans.    It  may  be  inferred  that  while  the  metabolic  proc- 
esses referred  to  are  vital  in  nature,  they  are  inextricably 
associated  with  chemical  transformations.     The  impor- 
tance of  chemical  substances  in  the  growth  of  the  organ- 
ism is  well  illustrated  by  the  experimental  work  of  Weg- 
ner,  Maas,  and  Gies.",  ■*«,  ".     Wegner  proved  that  by 
feeding  rabbits  with  minute  doses  of  phosphorus  for  a 
prolonged  period  he  could  get  a  marked  increase  in  the 
formation  of  bone  at  the  epiphyseal  sutures  of  the  long 
bones.     The  same  thing  has  been  found  to  occur  with 
arsenic.     Observations  upon  the  nature  of  the  metabolism 
in  giants  are  hitherto  lacking,  but  we  have  considerable 
evidence  to  show  that  in  acromegaly  metabolism  is  dis- 
ordered.    There  appears  to  be  a  tendency  to  an  overpro- 
duction of  lime  salts  in  acromegaly.     Deposits  of  lime 
have  been  found  in  various  parts  of  the  body,  especially 
in  the  pituitary,  the  thyroid,  and  the  vessels  (arterio- 
sclerosis)     Ossiform  infiltration  of  the  dura  mater  has 
been   observed.     Von  Moraczewski  ^8  has  also  demon- 
strated a  tendency  to  the  retention  of  lime  and  phosphorus 
in  the  system  in  cases  of  acromegaly.     Not  only  then  is 
there  an  increased  deposit  of  lime  at  the  extremities  ot 
the  bones,  but  also  in  widely  distant  parts  of  the  body. 

We  are,  I  think,  led  to  the  inevitable  conclusion  that 
gigantism',  like  acromegaly,  is  very  often  a  disorder  of 
development  brought  about  by  abnormal  metabolic  proc- 
esses We  must  also  admit  that  a  large  proportion  of 
cases  of  gigantism  are  etiologically  the  same  thing  as 
acromegaly,  and  that  an  additional  but  uncertain  num- 
ber are  probably  abortive  acromegaly  (acromegalic 
fruste).  One  consideration  -"'ist,  however,  be  by  no 
means  overlooked  in  any  rlisnn,sion  of  the  question  ot 
internal  secretion.  The  doctrine  >f  mternal  secretion  as 
at  present  understood  implies  he  existence  of  certain 
substances  in  the  body  upon  which  the  secretion  of  the 
glands  in  question  may  act.  Now  the  gland,  thyroid  or 
hypophysis,  may  be  totally  unable  to  perform  the  duties 
reauired  of  it,  owing  to  some  lesion,  or  it  may  be  on  y 
relatively  so.  In  either  case  similar  symptoms  would 
arise  This  doctrine  of  relative  inadequacy  has  been  ad- 
Tanced  by  Prof.  J.  G.  Adami,*'  and  has  by  no  means 
attracted  the  attention  it  deserves  On  the  o^  hand 
relative  inadequacy  of  a  gland  will  set  in  as  soon  as  its 
reserve  power  has  been  exhausted,  and  may  increase  un- 
til it  becomes  absolute.  On  the  other  hand  there  may 
be  an  excess  of  the  substances  upon  which  the  internal 


secretion  is  supposed  to  act.  Therefore  it  is  quite  pos- 
sible that  certain  forms  of  developmental  disorder  may 
be  due  to  relative  inadequacy  on  the  part  of  some  of  the 
important  glands,  that,  as  we  have  seen,  are  competent 
to  modify  nutritive  processes.  In  the  case  of  gigantism, 
relative  inadequacy  of  the  pituitary,  or  it  may  be  a  rela- 
tive overadequacy,  short  of  producing  the  regular  symp- 
toms of  acromegaly,  miglit  influence  growth  so  as  to 
bring  about  excess. 

However  this  may  be,  and  the  deduction  is  alluring, 
there  still  remains  some  small  proportion  of  cases  of 
gigantism  which  cannot  be  explained  on  any  of  these 
theories.  Such  are  the  cases  in  which  in  addition  to  ex- 
cessive height  there  is  great  strength  with  perfect  pro- 
portion. Here  there  can  be  no  question  of  disease  in  the 
ordinary  acceptation  of  the  term.  Such  giants  are  exam- 
ples of  the  so-called  "  athletic  "  habit  of  body,  and  are 
strictly  comparable  to  the  giant  infants  before  referred 
to.  They  represent  the  structure  of  the  human  body 
carried  to  its  highest  point.  They  may  be  regarded  as 
examples  of  trve  or  esse?iUal  gigantism.  Infantilism  and 
pituitary  dyscrasia  cannot  explain  them.  Rather  are 
they  to  be  referred  to  peculiarities  inherent  in  the  germi- 
nal cells  of  the  progenitors.  This  view  is  supported  by 
the  fact  that  certain  anomalies,  for  example  Polydactyly, 
malformations  of  the  genital  organs,  and  congenital 
hydrocele,  are  apt  to  be  associated  with  the  increase  in 
size  and  weight.  Albert  Oeorge  Nicholls. 
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GLANDULAR  FE\ER.— Synonyms:  Driisenfieber, 
fiSvre  ganglionnaire. 

Definition. — Glandular  fever  is  an  acute  infectious 
disease  of  childhood,  characterized  by  sudden  onset, 
fever,  swelling  of  the  cervical  lymphatic  glands,  and 
constipation;  but  there  is  no  exanthem.  It  is  probably 
contagious. 

ExiOLOGY. — The  cause  of  the  disease  is  unknown.  It 
has  been  suggested  that  the  tonsil  or  pharynx  may  be 
the  portal  of  entry  for  the  infectious  agent,  whatever  it 
may  be;  but  there  seems  to  be  no  discoverable  local 
lesion.  Another  theory  is  that  the  infection  finds  en- 
trance through  the  intestines;  and  some  color  is  lent  to 
this  theory  by  the  suggestion  that  it  might  possibly  ex- 
plain the  fact  that  the  left  cervical  glands  are  the  ones 
chiefly  affected,  since  the  infection  might  spread  to  them 
from  the  thoracic  duct.  It  is  essentially  a  disease  of 
childhood,  most,  but  not  all,  of  the  cases  occurring 
before  the  tenth  year.  A  case  of  glandular  fever 
occurring  in  a  young  lady  twenty  years  of  age  was 
reported  by  Mayer,  of  New  York,  in  the  Medical 
Record  of  August  11th,  1900.  The  winter  months  of 
the  year  seem  to  be  the  most  likely  time  for  the  dis- 
ease to  be  contracted;  and  previous  diseases,  general  mal- 
nutrition, and  lowered  vitaUty  act  as  predisposing  causes. 
Sex  seems  to  have  no  bearing  upon  the  etiology. 

The  first  account  of  the  disease  is  probably  that  by 
Filatow,  of  Moscow,  in  1885.  Four  years  later  E. 
Pfeiffer  described  the  disease,  and  drew  attention  to  the 
fact  that  it  was  apt  to  occur  in  circumscribed  epidemics ; 
he  also  noted  that  where  one  child  in  a  family  suffered 
from  the  disease,  the  others  were  very  Uable  to  suffer  too. 
In  December,  1896,  Park  West  published  an  account 
of  an  epidemic  in  eastern  Ohio  from  1893  to  1896.  The 
cases  were  ninety-six  in  number,  and  occurred  in  forty- 
three  families.  They  were  all  in  the  practice  of  Dr.  F.  A. 
Korell  of  Businessburg,  O.,  and  were  reported  by  him 
in  a  paper  read  before  the  Belmont  County  (Ohio) 
Medical  Society  on  April  27th,  1896. 

This  is  probably  the  largest  epidemic  yet  noted,  and 
West's  article,  besides  giving  statistical  tables,  provides 
an  extensive  bibliography. 

Symptoms  and  Course  of  the  Disease. — The  period 
of  incubation  probably  lasts  from  about  five  to  eight  or 
ten  days;  and  during  this  period  there  are  no  symptoms. 
The  onset  is  sudden,  and  is  accompanied  by  pain  and 
tenderness  in  the  neck,  both  of  which  are  made  worse  by 
moving  the  head.  Fever  is  an  early  symptom,  and  is  apt 
to  be  of  the  remittent  type;  as  a  rule  it  is  only  of  moder- 
ate degree,  the  body-temperature  running  from  101°  to 
103°  F.,  occasionally  to  104°  F.  There  is  no  rash,  but 
the  face  may  be  flushed  in  the  early  stage  of  the  disease. 
Nausea,  anorexia,  constipation,  and  abdominal  pain  are 
apt  to  occur.  Inflammation  of  the  throat  and  pharynx 
are  present;  and  dysphagia  is  marked.  The  lymphatic 
glands  are  enlarged  and  some  of  them  can  be  easily  pal- 
pated; this  is  particularly  noticeable  in  the' cervical  and 
carotid  regions  just  below  and  near  the  anterior  border 
of  the  sterno-cleido-mastoid  muscle.  The  swollen  glands 
with  the  accompanying  pain  and  tenderness  are  generally 
found  on  the  left  side. 

The  posterior  cervical,  axillary,  and  inguinal  ■  glands 
may  become  similarly  involved.  The  mesenteric  glands 
may  also  be  affected;  and  abdominal  tenderness  with 
enlargement  of  the  spleen  and  the  liver,  is  present '  The 
fever  abates  as  the  adenitis  reaches  its  height  and  the 
latter  may  last  for  a  couple  of  weeks  while  the  fever  re- 
mains only  a  few  days.  In  the  Ohio  epidemic  the  average 
duration  of  the  disease  was  sixteen  days  The  most 
serious  compHcation  is  nephritis.  Suppuration  of  the 
glands  IS  rare,  and  is  treated  by  incision  and  drainage 

=»,.      ^Z°  """''  ™  ^^io^'l''  ^^"''"■^1  symptoms  were 
severe,  Moussous  observed  the  onset,  on  the  third  or 
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fourth  day  of  illness,  of  cough  which  occurred  in  par- 
oxysms ending  in  vomiting,  but  without  the  character- 
istic whoop  or  glairy  expectoration  of  whooping-cough. 
This  appears  to  indicate  that  the  tracheo-broncmal 
glands  may  be  enlarged  during  the  course  of  the  illness  " 
(Dawson  Williams). 

Pathology. — As  the  disease  is  so  very  seldom  fatal, 
opportunities  for  the  study  of  its  pathology  are 
correspondingly  rare.  In  Mayer's  case,  referred  to 
above,  the  red  blood  cells  were  pale,  and  showed  a. 
deficiency  of  hsemoglobin;  the  proportion  of  red  to  white 
cells  was  normal,  but  the  eosinophiles  were  increased  both 
in  size  and  number.  In  addition  to  what  is  said  above 
under  Etiology  and  Symptoms,  we  add  the  following 
from  the  article  on  "  Glandular  Fever,"  by  Dawson  Will- 
iams, in  the  "  Twentieth  Century  Practice  of  Medicine." 

"  Cantlie  became  familiar  in  Hong-Kong  in  1891,  and 
therefore  before  the  outbreak  of  plague  (which  occurred 
in  1894),  with  an  idiopathic  glandular  enlargement  oc- 
curring in  children  in  an  epidemic  form.  The  enlarge- 
ment, he  states,  involved  usually  only  one  gland  in  the 
neck  over  the  sternomastoid  muscle,  but  at  its  anterior 
border.  Apparently,  therefore,  the  adenitis  affected 
the  superficial  and  not  the  deep  cervical  lymphatics, 
which  are  those  usually  affected  in  glandular  fever.  He 
mentions  the  occurrence  of  these  cases  in  the  course  of  a 
discussion  of  pestis  minor,  withdut,  however,  suggesting 
that  they  were  examples  of  mild  plague.  It  must  be 
admitted  that  glandular  fever  does  in  the  nature  of  its 
local  lesion  present  a  certain  resemblance  to  the  mildest 
form  of  bubonic  plague  {pestis  minor).  It  is  a  curious 
fact,  taken  in  conjunction  with  the  extension  of  bubonic 
plague  in  the  East  since  1894,  that  it  has  been  recognized 
in  the  far  East  for  some  years  that  a  disorder  character- 
ized by  enlargement  of  the  lymphatic  glands,  usually 
those  in  the  inguinal  region,  might  occur  in  epidemic  form 
both  on  board  ship  and  in  regiments  ashore.  Although 
it  has  only  recently  been  described  (by  Godding),  many 
medical  officers,  both  naval  and  military,  appear  to  have 
been  acquainted  with  the  disorder  under  the  name  'non- 
venereal  bubo.'  The  glands  usually  affected  are  the 
inguinal,  and  Skinner  has  suggested  that  as  the  'non- 
venereal  bubos '  in  the  cases  he  observed  invariably 
occurred  in  the  inguinal  glands,  and  as  the  patients 
always  had  irregular  action  of  the  bowels,  sometimes 
dysentery,  and  at  other  times  apparently  constipation, 
the  enlargement  of  the  inguinal  glands  may  be  due  to 
secondary  infection  from  the  mesenteric  lymph  glands. 
The  analogy  between  this  theory  of  non-venereal  bubo 
and  that  advanced  by  von  Starck  for  glandular  fever  will 
be  observed." 

Diagnosis. — This  is  to  be  made  from  the  symptoms, 
particularly  the  cervical  adenitis;  the  diseases  to  be  ex- 
cluded are  pharyngitis,  tonsillitis,  mumps,  leukaemia, 
and  (in  severe  cases)  typhoid  fever. 

Prognosis  is  good  except  when  the  case  is  comph- 
cated  by  nephritis;  in  the  Ohio  epidemic  referred  to 
above  there  were  no  recurrences  or  sequelae,  and  only  one 
patient  died,  and  she  was  a  delicate  child  who  had  just 
had  scarlet  fever. 

"The  beginning  of  convalescence  is  in  many,  perhaps 
the  majority,  of  the  severer  cases  marked  by  the  passage 
of  thin  greenish  stools  containing  much  mucus'  (Daw- 
son Williams). 

Treatment  is  almost  entirely  symptomatic.  Isola^ 
tion  is  necessary,  in  order  to  prevent  the  spread  of  the 
disease.  Rest  should  be  insisted  on;  and  the  pain  may 
be  relieved  by  hot  or  cold  applications.  Iron,  cod-liver 
oil,  light  but  nutritious  food,  and  general  hygienic  sur- 
roundings are  all  indicated.  Calomel  has  been  recom- 
mended, but  it  has  also  been  condemned.  Applications 
of  belladonna  are  serviceable  for  the  adenitis,  and  sodium 
sahcylate  should  be  given  in  the  early  stage  of  the  dis- 
ease when  the  fever  is  high  and  the  pain  severe. 

R.  J.  E.  Scott. 

Bibliographical  References. 

Pfeiffer:  Jahrbuch  fOr  Kinderheilkunde,  Bd.  xxix. 
Protassow;  Ibid.,  Bd.  xxxii.,  S.  365. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


QIandnlar  Fever. 
€rOiiorrl><iea. 


Heubner:  Ibid.,  Bd.  xxix. 

Von  Starok:  Ibid.,  Bd.  xx.-ci.,  S.  459. 

Hoerschelmann;  Ibid.,  Bd.    xxxvii.,  S.  35. 

Hesse:  Ibid.,  Bd.  xlii.,  S.  28. 

Moussous:  Revue  mensuelle  des  Maladies    de  TEnfance,    June, 

1893 
Donkin:  Lancet,  1897,  vol.  i.,  p.  274. 
Coutts:  Ibid.,  p.  346. 
■ChapmaFi;  Ibid.,  p.  555. 

Fisher:  Bristol  Medico-Chirurgical  Review,  March,  1897. 
J.  Park  West:  Archives  of  Pediatrics,  1896  (vol.  xiii.),  p.  889. 
Cantlie:   Lancet,  1897,  vol.  i.,  p.  5. 
Godding:  British  Medical  Journal,  1896,  vol.  ii.,  p.  842. 
Skinner:  Ibid.,  1897,  vol.  i,,  p.  78. 
Dawson  Williams:  Twentieth  Century  Practice,  vol.  xiv.,  p.  203  ; 

and  Lancet,  1897,  i.,  p.  160. 
Mayer:  Medical  Record,  August  11th,  1900. 

GONORRH(EA,  THE  MORE  RECENT  PATHOLOGY 

OF. — The  old  conception  of  gonorrhcea  as  a  disease  es- 
sentially local  in  character  is  rapidly  being  replaced  by 
a  recognition  of  the  frequency  with  which  the  gono- 
cocci  enter  the  circulation  and  give  rise  to  pathological 
conditions  in  regions  of  the  body  remote  from  the  seat 
of  primary  infection.  Few  physicians  acquainted  with 
the  extensive  literature  on  the  extragenital  localizations 
of  gonococcal  infection  that  has  come  into  existence 
during  the  last  fifteen  years  will  think  of  this  disease  as 
a  genito-urinary  condition  pure  and  simple.  Gonococ- 
■cus  infections  as  a  result  of  their  ubiquitous  pathology 
are  now  admitted  into  the  field  of  internal  medicine. 
With  this  growth  of  knowledge  concerning  the  patho- 
logical and  clinical  importance  of  this  disease  there  has 
gradually  developed  also  a  respect  for  its  position  as  one 
of  the  most  serious  infectious  diseases  of  the  human 
race.  No  medical  man  of  to-day  possessed  of  wide  read- 
ing or  much  clinical  experience  will  look  upon  gonorrhoea 
as  a  local  infection  of  relatively  slight  importance.  As 
.  an  agent  of  human  suffering  the  gonococcus  has  acquired 
a  status  equal  to  that  of  the  tubercle  bacillus.  When 
one  considers  the  innumerable  complications  and  se- 
quelae and  the  radical  character  of  the  operations  so  fre- 
quently necessary  the  mortality  from  this  disease  ap- 
pears nearly  if  not  quite  as  great  as  that  from  any  other 
single  infectious  disease. 

1.  Generalized  Gonococcus  Infection. — General 
symptoms  due  to  the  gonococcus  may  occur  as  the  result 
either  of  intoxication  or  of  a  metastasis  of  the  gonococci 
through  the  blood  or  lymph. 

A.  Gonococcal  Intoxications. — Opinions  differ  as  to 
the  nature  of  the  poison  produced  by  the  gonococcus. 
Wassermann,  Nicolaysen,  Laitinen,  Cantani,  Gross  and 
Kraus,  Jundell,  Finger,  Ghon,  and  others  believe  m  an 
endotoxin,  inasmuch  as  filtered  cultures  when  mjected 
produce  no  reaction ;  while  on  the  other  hand  sterilized 
cultures  do  cause  one.  According  to  Wassermann  0.1 
c.c.  of  gonococcus  toxin  injected  into  man  will  cause 
within  four  hours  slight  chill,  malaise,  pains  in  the  h^d, 
extremities,  and  joints,  and  a  local  inflammation.  The 
general  symptoms  last  for  about  twenty-four  hours,  but 
the  seat  of  the  injection  remains  inflamed  for  several 
days.  Repeated  injections  have  no  immunizing  effect. 
As  the  result  of  his  experimental  studies  Wassermann 
believes  that  during  the  course  of  a  gonorrhoeal  infection 
the  dead  and  disintegrating  gonococci  contained  withm 
the  body  liberate  the  gonococcal  toxin  and  that  marked 
symptoms  of  intoxication  may  result.  The  degree  of 
intoxication  will  depend,  of  course,  upon  the  seat  ot  the 
infection  and  the  conditions  under  which  it  occurs. 
Upon  a  mucous  membrane  the  toxin  may  be  washed 
away  before  symptoms  of  poisoning  are  produced,  while 
in  the  case  of  internal  localizations  of  the  infection  or 
when  the  disease  is  found  in  the  deeper  glands  ot  the 
genito-urinary    tract,  severe    general    symptoms    may 

^Gros^'  and  Kraus,  Nicolaysen,  Laitinen,  Finger  Can- 
tani, and  Jundell  have  confirmed  Wassermann  shndings; 
the  experiments  of  Steinschneider  a.lone  have  been  con- 
tradictory. On  the  other  hand  de  Christmas  claims 
that  there  is  contained  in  filtered  cultures  of  the  gono- 
coccus a  non-dialyzable  body,  destroyed  at  tempera- 
tures higher  than  75°,  soluble  in  glycerin   and  precipi- 


table  by  ammonium  sulphide.  When  injected  into  the 
brains  of  experimental  animals  death  ensues  rapidly 
after  the  development  of  a  characteristic  intoxication. 
Injection  of  the  toxin  into  the  subcutaneous  tissue  of 
animals  causes  the  formation  of  an  antitoxic  substance 
in  the  blood. 

Inasmuch  as  the  nature  of  the  gonococcus  toxin  is  not 
definitely  known,  its  exact  role  in  the  development  of 
the  disease  cannot  yet  be  determined.  At  any  rate  the 
above-mentioned  experimental  work  is  sufficient  to  show 
that  the  entrance  of  the  gonococcus  into  the  blood- 
stream and  the  liberation  of  its  toxins  there  can  cause 
a  more  or  less  severe  general  intoxication  and  possibly 
also  trophic  disturbances  in  various  organs.  Author- 
ities differ  as  to  which  of  the  conditions  associated  with 
gonorrhoea  are  due  to  the  toxins  and  which  to  the  local 
occurrence  of  the  cocci  themselves.  Balzer  holds  that 
gonococcal  endo-,  myo-,  and  pericarditis,  arthritis,  pleuri- 
tis,  periostitis,  and  phlebitis  are  due  to  the  presence 
of  the  gonococcus,  while  the  majority  of  the  other 
complications  of  gonorrhoea  are  the  result  of  the 
toxin. 

The  general  symptoms  of  gonococcal  infection  are  in 
many  cases  similar  to  those  of  a  light  malarial  or  ty- 
phoidal  infection,  viz.,  a  continuous,  intermittent,  or 
remittent  fever,  malaise,  weakness,  melancholia,  etc. 
The  spleen  is  often  moderately  enlarged.  Authorities 
differ  as  to  the  frequency  of  these  symptoms  in  uncom- 
plicated cases  of  gonorrhoea.  Trekaki  found  moderate 
elevation  of  temperature  in  sixty  per  cent,  ot  fifty  cases 
of  uncomplicated  acute  gonorrhoea,  while  other  writers 
find  it  of  less  frequent  occurrence.  The  psychical  fac- 
tor is,  of  course,  to  be  taken  into  consideration,  the  gen- 
eral symptoms,  or  at  least  the  recognition  of  these,  in 
many  cases  depending  to  a  large  degree  upon  the  pa- 
tient's mental  attitude  toward  his  infection.  The  inter- 
mittent or  remittent  type  of  gonorrhoeal  fever  is  explained 
by  some  writers  as  due  to  the  fact  that  the  gonococci  are 
easily  killed  by  high  temperatures,  but  increase  during 
the  fall  of  the  fever.  Cases  have  been  observed,  how- 
ever, of  prolonged  high  fever  in  which  no  inhibiting  in- 
fluence upon  the  growth  of  the  gonococci  or  upon  the 
virulence  of  the  condition  was  shown. 

B.  Metastasis  of  Gonococci. — The  old  view  that  the 
gonococcus  is  a  pure  parasite  of  mucous  membranes 
must  now  be  abandoned.  Numerous  cases  of  gono- 
coccus metastasis  have  been  published  in  recent  years, 
the  identity  of  the  organism  in  question  having  been 
fully  established  by  means  of  microscopical  demonstra- 
tion in  the  blood,  pus,  or  sections  of  tissues,  by  cultiva- 
tion, and  in  a  few  cases  by  inoculation  of  the  huma,n 
urethra.  The  constantly  accumulating  evidence  leads 
us  to  suspect  that  the  entrance  of  gonococci  into  the 
blood  is  a  not  infrequent  event  during  the  course  of  an 
attack  of  gonorrhoea.  Possibly  the  gonococci  enter  the 
blood  or  lymph  in  the  majority  of  cases,  if  not  m  all;  bu,. 
only  in  a  certain  proportion,  how  great  we  cannot  say 
at  the  present  time,  does  such  an  entrance  give  rise  to 
general  or  localized  metastatic  infections.  What  the 
conditions  are  upon  which  gonococcus  general  infections 
and  metastases  depend  we  do  not  yet  know.  As  a  rule 
they  occur  in  severe  cases  of  posterior  urethritis  or  in 
marasmic  individuals  suffering  from  severe  constitu- 
tional affections.  In  some  cases  they  probably  play 
the  part  of  terminal  infections.  Finger  believes  that 
gonorrhoeal  prostatitis  offers  an  especial  opportunity 
for  metastasis,  since  the  blood-vessels  of  this  organ 
lie  so  near  to  the  epithelium.  Improper  or  over-zeal- 
ous treatment  of  the  local  infection,  individual  pre- 
disposition, greater  virulence  of  certain  strains  oi 
gonococci,  diminished  alkalinity  of  the  blood,  etc.,  are 
among  the  various  explanations  given,  but  no  ^eii- 
established  evidence  exists  in  favor  of  any  one  ot  tnese 

^^The  metastasis  of  gonococci  may  be  either  hoematoge- 
nous  or  lymphogenous.  The  entrance  of  t^e  cocci  into 
the  blood  stream  has  been  demonstrated  by  Wertheim, 
Thayer  and  Blumer,  Doleris,  Colombim,  and  other  ob- 
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servers.  Cole  has  collected  twenty-nine  cases  of  gono- 
coceus  septicoemia  in  which  definite  proof  of  the  presence 
of  the  gonococcus  in  the  blood  was  made  during  life. 
Twelve  of  these  patients  died,  sixteen  recovered,  and  in 
one  case  the  result  was  not  stated.  The  clinical  picture 
was  that  of  a  septica?mia  or  pyajmia.  In  eleven  cases  en- 
docarditis was  present,  the  general  picture  being  that  of 
a  malignant  endocarditis.  Six  eases  were  pyemic  in 
character.  In  ten  of  the  cases  the  affection  ran  a  com- 
paratively mild  course  without  metastatic  local  infec- 
tions. Such  cases  may  closely  resemble  typhoid  fever 
in  their  general  symptomatology,  and  undoubtedly  some 
of  them  have  been  regarded  as  the  latter  disease.  Two 
of  the  twenty-nine  cases  were  puerperal.  Although  only 
two  cases  of  this  kind  have  been  reported,  some  writers 
state  that  twenty-five  per  cent,  of  all  cases  of  puerperal 
fever  are  due  to  the  gonococcus. 

The  prognosis  in  gonococcal  septicaemia  is  grave,  es- 
pecially when  endocarditis  is  present ;  but  the  demon- 
stration of  the  presence  of  gonococci  in  the  blood  does 
not  necessarily  mean  a  fatal  issue.  Over  half  of  the  re- 
ported cases  recovered,  and  it  is  very  probable  that 
many  of  the  lighter  cases  recover  spontaneously  without 
any  suspicion  being  aroused  as  to  the  gonococcal  nature 
of  the  condition.  On  the  other  hand  no  one  can  tell 
how  many  cases  of  septictemia,  pyaemia,  and  so-called 
malignant  endocarditis  of  unknown  origin  are  in  reality 
cases  of  gonococcus  infection.  The  treatment  of  gono- 
coccus septicjemia  is  essentially  that  of  septicaemia  due 
to  other  pyogenic  organisms.  The  vaccine  treatment 
has  not  yet  been  successfully  applied  to  this  form  of 
septicaemia. 

The  entrance  of  gonococci  into  the  neighboring  lymph- 
vessels  is  a  common,  if  not  constant,  occurrence  in  all 
localized  gonorrhoeal  infections.  M'hat  part  this  plays 
in  the  extension  of  the  disease  is  not  yet  known.  Xobl 
has  shown  that  the  local  lymphangitis  frequently  asso- 
ciated with  gonorrhoea  is  due  to  the  presence  of  the 
gonococci  in  the  lymphatics.  Other  observers  have 
demonstrated  the  presence  of  the  cocci  in  the  lymphatics 
of  the  pelvis,  and  it  is  not  improbable  that  they  mav 
pass  into  the  thoracic  duct  and  thence  into  the  blood 
stream.  Such  a  chain  of  events  remains,  however,  to  be 
demonstrated.  Nobl,  Balzer,  and  others  regard  lympho- 
genous metastasis  as  playing  but  a  slight  role  in  the  pro- 
ductions of  distant  metastases,  and  regard  it  as  of  im- 
portance only  in  the  involvement  of  neighboring  glands. 
Future  investigations  may  completely  reverse  this  opin- 
ion. 

Endocarditis.— Although  the  possibility  of  an  asso- 
ciation of  gonorrhoea  with  cardiac  disease  was  pointed 
out  over  a  hundred  years  ago,  it  was  not  until  about  the 
middle  of  the  last  decade  of  the  last  century  that  the 
positive  proof  of  the  existence  of  gonococcal  endocar- 
ditis was  furnished  through  the  demonstration  of  the 
organism  m  pure  culture  in  cardiac  vegetations.  Over 
fifty  cases  have  been  reported  since  f895.  From  the 
ana,lysis  of  the  cases  collected  by  Hofmann  (1903)  and 
Kulbs  (1905)  it  IS  now  possible  to  make  some  definite 
statements  concerning  the  pathology  and  clinical  char- 
acteristics of  this  form  of  gonococcus  localization 

Young  males  are  more  frequently  affected,  but  cases 
have  been  observed  in  young  children  and  in  old  indi- 
viduals. It  appears  m  two  clinical  forms,  either  a«  a 
simple  endocarditis  or  as  a  malignant  form.  The  sim- 
ple form  is  probably  not  rare.  How  frequent  it  is  we 
cannot  say  at  the  present  time,  but  future  clinical  ob- 
servations will  probably  show  that  it  is  much  more  com- 
mon than  is  now  suspected.  It  occurs  usually  durina 
the  early  stages  of  an  attack  of  gonorrheal  urethritis 
and  runs  a  mild^  and  short  course.  It  may  be  discov- 
ered only  by  accident,  since  the  general  symptoms  may 
be  very  slight.  Fever  may  be  wholly  absent.  The  only 
sign  of  a  cardiac  mvo  vement  may  be  a  blowing  murmur 
m  the  mitral  area  witli  a  moderate  or  slight  hypertrophy 
of  the  left  heart.  ^  More  rarely  the  aortic  valve  is  af^ 
tected.  The  termination  may  be  that  of  apparent  heal- 
ing, or  a  valvular  lesion  of  slight  degree  may  be  left. 
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The  malignant  form  of  gonococcus  endocarditis  runs 
a  course  similar  to  the  malignant  affections  of  the  heart 
valves  caused  by  the  other  pyogenic  organisms.  It  oc- 
curs later  in  the  course  of  a  gonorrhoea,  and  usually  in 
association  with  arthritis,  but  in  some  cases  it  appears 
as  the  only  complication  of  the  local  process.  Its  course 
is  marked  by  chills,  a  continuous  intermittent  or  remit- 
tent fever  with  evening  exacerbations,  and  severe  sub- 
jective symptoms.  The  general  picture  is  that  of  py- 
aemia or  septicaemia,  but  certain  symptoms  such  as 
dyspnoea,  pain  in  the  precordium,  etc.,  direct  attention 
to  the  heart,  where  the  presence  of  a  murmur  and  the 
physical  signs  of  an  hypertrophy  complete  the  diagnosis. 
The  disease  runs  a  very  malignant  course,  and  only  rarely 
does  it  terminate  in  healing.  In  the  latter  case  there 
is  always  a  persisting  valvular  lesion.  The  aortic  flaps 
are  most  frequently  affected,  but  there  is  a  striking 
tendency  toward  the  involvement  of  the  valves  of  the 
right  side.  Embolism  and  the  formation  of  embolic  in- 
farcts occur  infrequently,  but  have  been  reported  as 
complications  of  the  gonococcus  form  of  endocarditis. 

At  autopsy  there  is  usually  found  upon  the  affected 
valve  a  grayish  or  yellowish-red  polypoid  thrombus 
mass.  Ulceration  and  perforation  of  the  flaps  are  com- 
mon events ;  and  the  ulcerative  process  may  extend 
deeply  into  the  myocardium.  The  presence  in  the  veg- 
etations of  the  gonococci  may  be  demonstrated  by 
staining  or  by  cultivation,  although  the  latter  method 
may  yield  negative  results.  In  some  cases  there  is  a 
secondary  infection  with  streptococci  or  staphylococci. 
Several  writers  have  noted  the  fact  that  the  gonococcus 
infection  seems  to  have  a  predilection  for  valves  al- 
ready diseased.  Of  the  pathology  of  the  simple  form 
of  gonococcal  endocarditis  we  as  yet  know  nothing.  It 
is  possible  that  these  mild  infections  play  a  part  in  the 
development  of  many  of  the  forms  of  chronic  endocar- 
ditis of  unknown  etiology. 

The  diagnosis  of  gonococcal  endocarditis  during  life 
may  be  made  by  means  of  blood  cultm-es.  A  special 
medium  is  not  necessary.  Ten  cubic  centimetres  of 
blood  obtained  from  a  large  vein  under  proper  precau- 
tions may  be  poured  in  a  thin  layer  over  an  agar  plate 
and  allowed  to  clot.  The  colonies  develop  at  body 
temperature  within  one  to  two  days.  Aside  from  this 
absolute  method  of  diagnosis  the  occurrence  of  a  cardiac 
lesion  in  an  individual  who  has  recently  had  a  gonorrhoeal 
urethritis  makes  the  diagnosis  of  a  localization  of  the 
infection  upon  the  endocardium  very  probable.  In  the 
light  of  our  present  knowledge  the  systematic  examina- 
tion of  the  heart  in  all  cases  of  gonorrhoea  becomes  ad- 
visable. 

The  treatment  is  similar  to  that  of  other  forms  of  en- 
docarditis. Rest,  the  precordial  ice  bag,  etc.,  are  the 
methods  usually  employed  during  the  acute  stage. 

The  prognosis  in  the  mild  forms  is  good ;  in  the  ma- 
lignant, very  grave. 

Myocarditis. — Gonococcus  myocarditis  may  occur 
as  an  extension  of  an  ulcerative  valvular  process,  but 
it  is  rare  as  an  independent  affection.  Councilman 
has  described  a  case  in  which  ten  days  after  the  begin- 
ning of  the  urethritis  an  arthritis  developed,  followed 
by  dyspnoea  and  pain  in  the  precordium.  There  was 
no  fever.  Death  occurred  five  weeks  later.  At  the 
autopsy  a  hemorrhagic  pericarditis  was  found  with  areas 
of  hemorrhagic  necrosis  throughout  the  myocardium. 
Gonococci  were  demonstrated  in  the  smears  made  from 
the  pericardial  fluid  and  the  necrotic  areas.  Iwanoff 
saw  a  case  of  gonococcus  abscess  in  the  wall  of  the  left 
ventricle. 

Pericarditis. — This  afi'ection  appears  to  be  a  not 
infrequent  complication  of  gonorrhoea,  but  rarely  occurs 
as  an  independent  gonococcal  localisation.  It  is  usu- 
ally associated  with  endocarditis  and  myocarditis.  It 
may  occur  without  symptoms,  or  may  run  a,  compara- 
tively light  course.  The  termination  is  usually  favor- 
able. Both  a  dry  and  an  exudative  form  occur.  The 
exudate  may  be  serous  or  hemorrhagic.  The  pathology 
is  not  different  from  that  of  the  ordinary  forms  of  peri- 
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carditis,  and  the  usual  physical  signs  accompany  the 
two  varieties.  The  gonococcal  nature  of  the  process 
can  be  determined  only  through  the  demonstration  of 
the  gonococci  in  the  exudate. 

Plburitis.— This  condition  is  also  regarded  by  a 
number  of  writers  as  a  not  infrequent  complication  of 
gonorrhoea,  but  the  proof  of  the  etiological  role  of  the 
gonococcus  has  not  been  fm-nished  in  the  majority  of 
the  cases.  Only  in  a  few  instances  have  the  gonococci 
been  demonstrated  in  the  fluid  obtained  by  aspiration. 
Judging  from  the  reported  cases,  gonococcus  pleuritis  is 
usually  unilateral,  but  may  be  bilateral.  It  may  be  of 
the  dry  or  the  exudative  variety.  In  the  latter  case  the 
amount  of  exudate  is  usually  small.  Other  serous  mem- 
branes are  usually  coincidently  affected.  The  prognosis 
is  relatively  favorable. 

Pneumonia. — Both  lobar  and  lobular  pneumonia 
have  been  observed  to  occur  during  the  course  of  gonor- 
rhoea! arthritis,  but  that  these  were  gonococcal  infec- 
tions of  the  lungs  has  not  been  proved  beyond  all  doubt, 
although  in  a  certain  number  of  cases  it  is  very  probable 
that  they  were  actually  due  to  the  gonococcus.  Jicinsky, 
Scholz,  Bressel,  and  others  have  observed  organisms 
which  they  regarded  as  gonococci  in  the  sputum  of 
pneumonic  patients  suffering  from  generalized  gono- 
coccus infections.  In  Bressel's  case  the  gonococci  were 
also  cultivated  from  the  blood.  Too  little  is  known  of 
the  pathology  and  clinical  character  of  such  pulmonary 
localizations  of  the  gonococcus  to  make  any  definite 
statements  concerning  them. 

Peritonitis. — It  was  formerly  held  that  the  peri- 
toneum was  immune  to  the  gonococcus,  but  the  frequent 
occurrence  of  a  localized  gonococcal  peritonitis  was 
demonstrated  in  1891  by  Werthelm,  and  the  almost 
constant  association  of  such  local  inflammations  of  the 
peritoneum  with  gonorrhoeal  salpingitis  was  soon  recog- 
nized by  gynecologists.  Pelvic  peritonitis  in  the  male 
as  a  complication  of  prostatitis,  cystitis,  and  vesiculitis 
was  later  recognized  as  another  pathological  and  clinical 
possibility.  According  to  the  reported  cases  the  chief 
symptom  of  such  a  complication  is  the  occurrence  of 
intense  pain  in  the  inguino-scrotal  region.  The  dura- 
tion of  the  condition  is  usually  short  and  the  prognosis 
is  favorable.  In  more  recent  years  the  existence  of  a 
pure  generalized  gonococcal  peritonitis  has  been  re- 
peatedly demonstrated.  These  cases  occur  chiefly  in 
young  girls  and  women  as  a  complication  of  salpingitis. 
The  symptoms  are  similar  to  those  of  general  peritonitis 
caused  by  the  pyogenic  cocci,  although,  as  a  rule,  the 
gonococcal  infection  rdns  a  milder  course.  The  prog- 
nosis is  more  favorable  in  the  latter  condition.  The 
differential  diagnosis  is  difficult  and  rests  chiefly  upon 
the  coincidence  of  a  gonorrhoeal  salpingitis. 

Appendicitis. — In  a  large  number  of  cases  of  gonor- 
rhoeal salpingitis  the  appendix  shows  likewise  the  pres- 
ence of  a  purulent  inflammation  of  a  relatively  mild 
type,  although  the  suppurative  form  may  also  occur 
under  such  conditions.  To  what  extent  this  coinci- 
dence is  accidental,  or  what  per  cent,  of  these  cases  is 
due  to  secondary  or  associated  pyogenic  infection,  or 
actually  to  the  gonococcus  cannot  be  stated  at  the  pres- 
ent time.  Although  gonococci  are  said  to  have  been 
found  in  the  inflamed  appendix,  the  bacteriological  proof 
is  not  yet  fully  established. 

Intestine. — Gonorrhoeal  proctitis  as  a  primary  or 
secondary  condition  is  common  enough  and  has  long 
been  recognized.  Perirectal  abscesses  may  also  be 
caused  by  gonococci,  even  when  there  is  no  involvement 
of  the  rectal  mucosa.  More  recently  metastatic  gono- 
coccal lesions  in  the  colon  have  been  observed.  The 
entrance  of  gonococci  into  the  lymphatic  vessels  of  the 
pelvis  has  also  been  demonstrated  and  their  passage 
into  the  thoracic  duct  and  thence  into  the  blood  becomes 
a  possibiUty  the  demonstration  of  which  remains  for 
future  investigators. 

Lymphangitis. — A  proliferative  exudative  endo- 
lymphangitis,  usually  associated  with  a  perilymphangitis, 
has  recently  been  discovered  to  be  gonococcal  in  origin. 


The  lumen  of  the  lymphatic  is  gradually  obliterated  by 
the  fibroblastic  proliferation  of  its  walls,  and  the  vessel 
becomes  converted  into  a  greatly  thickened  cord-like 
structure.  Areas  of  an  infiltration  with  mononuclear 
cells  are  found  in  and  near  the  vessel  walls,  and  the 
gonococci  may  be  demonstrated  in  the  vessel  as  well 
as  in  the  neighboring  tissues.  The  lymphatics  most 
frequently  affected  are  those  of  the  pelvis  and  genitalia. 
Chronic  oedema  and  elephantoid  thickenings  may  de- 
velop in  the  region  tributary  to  the  obliterated  lymph 
vessels. 

Phlebitis. — Heller  in  1904  collected  twenty-six  cases 
of  phlebitis  occurring  in  association  with  gonorrhoea. 
The  part  played  by  the  gonococcus  in  these  cases  of 
phlebitis  is  not  yet  known  with  certainty,  although  it 
seems  very  probable  that  the  gonococcus  itself  may  be 
the  direct  cause  of  the  venous  affection  in  some  cases, 
while  in  others  the  condition  may  be  due  to  a  secondary 
infection  with  one  of  the  pyogenic  cocci.  The  veins  of 
the  lower  extremity  are  usually  involved;  and  the  clin- 
ical picture  is  the  same  as  that  of  other  forms  of  infec- 
tious phlebitis,  and  the  treatment  is  identical. 

Arthritis  Deformans. — Recent  writers  have  sug- 
gested that  gonococcal  infections  may  be  the  cause  of 
a  certain  per  cent,  of  the  cases  of  arthritis  deformans. 
The  fact  that  permanent  changes  in  the  joints  frequently 
folio w  ■  severe  or  repeated  attacks  of  gonorrhoeal  arthri- 
tis has  suggested  a  close  relationship  between  the  latter 
condition  and  arthritis  deformans.  Stewart  found  a 
history  of  gonorrhoeal  infection  in  thirty  per  cent,  of 
his  cases  of  arthritis  deformans.  Other  writers,  how- 
ever, have  found  such  a  history  in  a  much  less  per  cent, 
of  their  cases.  Further  evidence  in  favor  of  the  view 
may  be  found  in  the  fact  that  a  number  of  cases  of 
spondylitis  deformans  following  repeated  attacks  of 
gonorrhoeal  arthritis  has  been  reported.  The  evidence 
is  as  yet  insufficient,  and  the  question  of  the  relation- 
ship between  gonococcal  infection  and  arthritis  defor- 
mans must  be  left  to  future  investigations  for  its  settle- 
ment. 

Painful  Heel. — Recent  studies  of  this  affection  have 
made  it  certain  that  in  the  majority  of  cases  it  is  gono- 
coccal in  origin.  The  condition  usuaUy  develops  in  as- 
sociation with  or  after  an  attack  of  urethritis,  and  is 
often  seen  in  connection  with  arthritis.  Gonococci  have 
been  demonstrated  locally  in  pure  culture.  The  most 
striking  pathological  finding  is  a  new  formation  of  bone 
on  the  plantar  surface  of  the  heel,  usually  at  the  point 
of  origin  of  the  M.  flexor  brevis  digitorum.  The  early 
changes  preceding  the  formation  of  the  exostosis  are 
not  yet  known,  but  are  probably  of  the  nature  of  a  local 
periostitis.  Removal  of  the  bony  growth  relieves  the 
symptoms. 

Gonococcal  Periostitis,  Osteomyelitis,  Peri- 
chondritis, Chondritis,  Tenosynovitis,  Myositis, 
Adenitis,  and  Mastitis  have  aU  been  positively  de- 
monstrated by  the  finding  in  the  pus  or  the  exudate  of 
gonococci  in  pure  cultures.  The  number  of  such  cases 
is  at  the  present  time  very  small,  and  the  frequency  of 
such  metastases  is  not  known.  Likewise  but  little  is 
known  of  their  pathology  and  symptomatology.  They 
may  occur  independently  or  in  association  with  other 
localizations  of  the  infection. 

Kidney. — Gonococcal  lesions  of  the  kidney  exist  in 
two  forms,  an  ascending  pyelonephritis  and  metastatic 
abscess.  The  writer  has  seen  a  case  of  gonococcal  -peri- 
nephritic  abscess,  demanding  radical  operation,  develop 
in  a  young  man  during  the  course  of  an  acute  urethritis. 
Gonococci  were  found  in  the  pus.  Numerous  cases  cif 
pyelitis,  pyonephrosis,  and  ascending  pyelonephritis 
have  been  reported  as  occurring  during  the  acute  stage 
of  gonorrhoea,  but  in  few  of  these  has  it  been  possible 
to  dem'-'ustrate  positively  the  gonococcal  origin  of  the 
process. 

Nervous  System. — Gonococcal  meningitis  has  been 
reported.  The  gonococci  were  obtained  from  the  exu- 
date. The  association  with  gonorrhoea  of  symptoms 
pointing  to  an  involvement  of  the  brain  or  cord  has 
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long  been  recognized,  but  the  nature  of  this  association 
has  not  yet  been  determined.  Myelitis,  memngomys- 
litis,  polyneuritis,  neuritis,  etc.,  occurring  with  or  after 
an  attack  of  gonorrhoea,  have  been  regarded  as  the  re- 
sult of  the  infection,  but  no  direct  etiological  relation- 
ship has  been  definitely  shown  for  some  of  these  condi- 
tions. Some  of  the  gonorrhoeal  neuralgias,  the  sciatica 
often  seen  in  connection  with  the  disease,  and  the  local 
neuritis  associated  with  gonorrhoeal  arthritis,  appear  to 
have  a  definite  relation  to  the  infection,  probably 
through  secondary  involvement  or  as  the  result  of  the 
action  of  the  toxin.  As  is  well  known,  there  frequently 
occur  in  chronic  gonorrhoeal  infections,  particularly  in 
chronic  prostatitis,  well-marked  psychoneuroses  of  great 
clinical  importance.  Some  of  these  conditions  are  prob- 
ably purely  psychical  and  have  nothing  to  do  either 
with  a  localized  action  of  the  gonococci  or  their  toxins. 

Eye. — Metastatic  tenonitis,  conjunctivitis,  keratitis, 
iritis,  iridocyclitis,  iridochoroiditis,  retinitis,  neuroretini- 
tis,  optic  neuritis,  and  dacryo-adenitis  have  been  reported 
as  associated  with  gonorrhoea.  The  exact  relation- 
ship of  these  conditions  to  the  gonococcal  infection  has 
not  yet  been  demonstrated.  Whether  they  are  the  re- 
sult of  a  localization  of  the  gonococci  or  the  effect  of  the 
gonococcus  toxin  remains  to  be  shown  in  so  far  as  the 
majority  of  these  affections  are  concerned.  In  the  case 
of  the  conjunctivitis  the  presence  of  gonococci  has  been 
demonstrated,  and  the  special  features  of  the  condition 
make  it  very  probable  that  it  is  actually  metastatic  in 
origin.  Both  eyes  are  affected  and  it  runs  a  much  milder 
course  than  the  direct  infection,  although  showing  a 
tendency  to  recurrence.  Iritis  and  arthritis  are  usually 
associated  with  it.  The  occurrence  of  iritis  in  associa- 
tion with  gonorrhoeal  arthritis  may  also  be  mentioned 
as  one  of  the  relatively  rare  complications  of  gonorrhoea. 
While  regarded  by  some  writers  as  metastatic  in  origin, 
no  absolute  proof  of  this  has  yet  been  offered. 

Skin. — Various  forms  of  skin  eruptions  have  been 
rioted  as  occurring  in  association  with  gonococcal  infec- 
tions. Erythema  simplex  and  nodosum,  urticaria,  hemor- 
rhagic and  Jnillous  eruptions,  hyperkeratosis,  etc.,  have 
been  frequently  observed  in  cases  of  gonococcal  septi- 
caemia. Gonococci  have  been  demonstrated  in  some  of 
these  skin  lesions,  but  in  the  majority  positive  proof 
of  the  etiological  relationship  is  wanting.  Some  writers 
regard  the  skin  lesions,  particularly  the  hyperkeratosis, 
as  trophic  in  character,  the  result  of  the  action  of  the 
toxins  upon  the  nerve  endings. 

Besides  the  numerous  metastatic  localizations  of  gono- 
coccal infection  discovered  in  recent  years,  various  forms 
of  direct  primary  or  secondary  infection  not  previously 
recognized  have  been  recorded. 

Gonococcal  Stomatitis.— In  1898  Jesionek  demon- 
strated by  cultivation  the  presence  of  gonococci  in 
round,  slightly  elevated,  grayish-white  lesions  of  the 
mucous  membrane  of  the  mouth  cavity.  As  a  rule 
these  lesions  do  not  ulcerate,  although  the  largest  ones 
may  show  slight  erosion.  The  tongue  and  mucous 
membranes  are  usually  red,  tender,  and  swollen  Ves- 
icles containing  gonococci  may  develop  upon  the  lips. 
Ihe  subhngual  glands  may  become  involved  The  af- 
fection may  be  found  in  adults,  but  is  most  common  in 
birth^  ^  *^^  ''^^"'*  °^  infection  received  during 

Gonococcal  rhinitis  and  pharyngitls  have  also 
been  reported,  but  without  satisfactory  proof  of  the 
presence  of  gonococci. 

inferTn°Tv,';''-'>™u  ''^'  ^"'^'^  observed  as  a  direct 
i,f!^^  /i^Tk  K  "*f  ^"^  '"^^^  =^  <=^«e  in  which  ampu- 
tation of  both  breasts  was  performed  as  the  result  of  a 
virulent  gonococcal  suppurative  process,  the  infection 
apparently  having  been  transferred  by  the  nursing  of  an 
infant  whose  eyes  and  mouth  were  the  seat  of  a  gono- 
coccal inflammation.  ^ 

Gonococcal  infection  of  the  umbilical  cord  has  been 
seen  by  a  number  of  writers.     The  occurrence  of  a  niir 
uhnt  inflammation  of  the  placenta   due  to    gonorrhoea 
has  aleo  been  recorded.  *         »iii»-ii 
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Wound  infections  due  to  gonococci  have  been  re- 
ported by  Juilliot,  Meyer,  Young,  Cole,  and  others.  In- 
fection of  the  wound  following  operations  for  gonococcal 
arthritis,  inguinal  hernia,  etc.,  have  been  reported,  as 
well  as  gonococcal  infections  of  finger  wounds. 

The  occurrence  of  epidemic  gonorrheal  vaginitis  in 
children's  hospitals  has  recently  attracted  a  good  deal 
of  attention.  The  affection  is  nearly  constantly  pres- 
ent in  the  infants'  wards  of  large  city  hospitals,  and 
from  time  to  time  becomes  epidemic.  The  conditions 
obtaining  in  such  wards  favor  the  spread  of  the  infec- 
tion, and  it  must  also  be  assumed  that  the  vulvovaginal 
mucosa  of  infants  is  very  susceptible  to  the  infection. 
Many  oases  apparently  run  a  mild  course,  but  the  affec- 
tion resists  treatment,  and  after  reaching  a  chronic  stage 
may  be  accompanied  by  any  of  the  complications  at- 
tending gonorrhoea  in  the  adult  female.  Salpingitis, 
peritonitis,  and  artliritis  are  the  most  common  of  these 
secondary  localizations.  Sterility  or  chronic  valvular 
lesion  may  be  the  sequelse  of  such  infantile  infections. 
The  after-history  of  such  cases  has  not  been  followed 
out  to  any  extent.  In  a  case  of  infantile  gonorrhoea 
with  arthritis  seen  by  the  writer,  all  four  of  the  heart 
valves  showed  minute  vegetations.  Some  writers  call 
attention  to  the  suspicion  of  gonococcal  infection  at- 
tending all  cases  of  peritonitis  and  arthritis  in  girl 
babies. 

In  the  case  of  gonococcal  arthritis  occurring  in  in- 
fants without  other  apparent  localization  of  the  infec- 
tion it  is  possible,  as  Holt,  has  suggested,  that  the 
mouth  forms  the  portal  of  infection.  Particularly  in 
the  case  of  male  babies  does  such  a  supposition  at  times 
seem  justified. 

Opsonic  Index  in  Gonococcal  Infections. — The 
investigations  carried  out  by  Cole  and  Meakins  concern- 
ing the  opsonic  index  to  the  gonococcus  in  cases  of  gon- 
orrhoeal arthritis  showed  that  in  twenty-five  cases  of 
gonococcal  infection  a  low  index  was  present  before  the 
use  of  vaccines.  In  fourteen  cases  of  non-gonorrhoeal 
infection  a  higher  index  was  found.  Inasmuch  as  a  low 
index  would  be  found  in  those  cases  in  which  an  acute 
urethritis  is  present  the  determination  of  such  an  index 
would  not  throw  any  light  upon  the  nature  of  a  coinci- 
dent metastatic  infection.  In  cases  of  suspected  gono- 
coccal arthritis  or  other  localization  a  high  or  normal 
index  may  be  taken  as  evidence  against  the  gonococcal 
nature  of  the  infection.  As  Cole  points  out,  the  accu- 
racy and  value  of  this  method  of  diagnosis  are  not  yet 
determined.  That  any  conclusions  be  drawn  at  all  it 
is  necessary  that  the  variation  in  the  index  exceed  the 
possible  variation  in  technique. 

Recent  Methods  of  Treatment. — Cole  and  Meakins 
report  results,  regarded  by  them  as  encouraging,  in  the 
treatment  of  gonorrhoeal  arthritis  by  vaccines  prepared 
by  heating  an  emulsion  of  gonococci  in  0.85-per-cent. 
salt  solution  for  one  hour  at  65°  C.  The  number  of  the 
cocci  per  cubic  centimetre  is  estimated  by  an  especial 
method,  and  an  initial  dose  of  200  million  cocci  is  given, 
and  this  dose  is  repeated  or  increased  as  the  index  is 
falling.  Doses  of  500-1,000  million  cocci  may  be  given 
every  seven  to  ten  days.  AN'hile  the  number  of  cases  so 
treated  is  too  small  to  give  us  any  well-founded  ground 
for  believing  the  method  to  be  of  great  value,  the  results 
show  that  no  apparent  harm  is  done  and  that  there  was 
an  unusual  degree  of  improvement  following  the  use  of 
the  vaccines.  Whether  such  an  improvement  is  actu- 
ally due  to  the  vaccines  must  be  shown  by  the  study  of 
a  large  number  of  cases  so  treated.  The  best  results 
were  obtained  in  the  chronic  cases,  and  it  is  in  just  such 
cases  that  the  psychical  factor  plays  such  an  important 
role.  The  authors  mentioned  do  not  regard  the  opsonic 
index  as  a  necessary  guide  in  the  control  of  the  treat- 
ment, and  express  their  disbelief  in  the  danger  of  cumu- 
lative negative  phases. 

The  use  of  an  antigonococcus  serum  has  been  advo- 
cated by  Rogers,  Torrey,  and  others,  but  up  to  the  pres- 
ent time  no  convincing  results  have  been  obtained  by 
the  experimental  investigations  bearing  upon  the  em- 
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ployment  of  such  sera  'n  the  treatment  of  gonorrhceal 
conditions.  Aldred  Scott  Warthin. 

GUAIASANOL  (Guajasanol)  is  chemically  the  hydro- 
chloride of  diethylglycoooll-guaiacol,  having  the  form- 
ulaCisHisNOsHCl.  It  crystallizes  in  white  prisms,  has 
a  melting  point  of  184°  C,  with  n  faint  odor  of  guaia- 
col ;  is  easily  soluble  in  water,  aqueous  solutions  being 
neutral.  The  addition  of  alkaline  carbonates  to 
aqueous  solutions  of  guaiasanol  liberates  the  basic  di- 
ethylglycocoll-guaiacol,  which  has  the  appearance  of  oil. 

Pharmacological  experiments  show  this  preparation 
to  be  antiseptic,  deodorant,  and  anaesthetic,  non-poison- 
ous even  in  large  doses,  subcutaneous  injections  of  45 
grains  in  rabbits  not  being  followed  by  toxic  symptoms. 

The  indications  for  use  of  guaiasanol  are  the  same  as 
for  that  of  creosote  or  guaiacol.  It  is  well  borne  in 
phthisis,  being  followed  by  improvement  in  appetite. 
In  tuberculous  ulcerations  of  the  throat  it  can  be  used 
locally,  by  mouth,  or  subcutaneously.  It  is  also  use- 
ful as  an  intestinal  disinfectant  in  diarrhoea,  tubercu- 
lous diarrhoea  being  often  controlled  after  the  admin- 
istration of  a  few  doses.  In  purulent  cystitis  and  as  a 
disinfectant  in  bladder  troubles  it  is  used  in  irrigations, 
J  to  3  parts  in  1,000,  or  administered  by  the  mouth  in 
doses  of  120  grains  per  day.  It  has  a  favorable  effect  on 
septic  diseases;  is  recommended  as  a  deodorant  in 
ozoena  in  tampons  saturated  in  a  ten-per-cent.  solution 
and  changed  everj"-  half-hour.  In  ulcerations  of  the 
bones,  eruptions,  sarcoma,  purulent  carcinoma,  etc.,  it 
is  applied  in  two-per-cent.  solutions  in  compresses;  in 
malodorous  stomatitis  aa  in-igaiions  one-half-  to  two- 
per-cent.  or  five-per-cent.  solutions  for  painting;  in 
ophthalmology,  for  all  superficial  wounds  of  the  eye  in 
one-per-cent.  solutions,  there  being  when  thus  used  quite 
a  perceptible  ansesthetic  effect.  Finally  it  is  used  in 
chronic  inflammatory  conditions  of  the  connective  tis- 
sue, where  an  astringent  or  corrosive  agent  is  not  tol- 
erated, in  one-per-cent.  solutions. 

Dose  of  guaiasanol  internally  is  from  45  to  180  grains 
per  day,  or  subcutaneously  45  to  60  grains  in  concen- 
trated aqueous  solutions.  John  W.  Wainwright. 

H/EMOLYSIS.— (Synonyms:  Haemocytolysis ;  Hsema- 
tolysis;  Laking  of  blood ;  Globulysis;  Erythrocytolysis.) 

Although  etymologically  this  term  includes  destruc- 
tion or  solution  of  both  red  and  white  corpuscles,  yet  by 
usage  it  has  come  to  be  applied,  when  used  without  speci- 
fication, only  to  the  erythrocytes.  When  corresponding 
changes  of  the  leucocytes  are  considered,  the  specific  term 
Uueolysis  or  leucocytolysis  is  generally  used.  In  this 
article  the  term  haemolysis  will  be  used,  as  above  indi- 
cated, to  apply  only  to  erythrolysis. 

In  hiEmolysis  the  essential  phenomenon  consists  in  the 
escape  of  the  haemoglobin  from  the  stroma  of  the  corpus- 
cles into  the  surrounding  fluid.  As  it  is  not  exactly 
known  in  what  way  the  stroma  holds  the  haemoglobin 
normally,  whether  purely  physically  or  in  part  chemi- 
cally, or  whether  the  stroma  consists  of  a  spongioplasm 
or  a  sac-like  membrane,  or  both,  the  ultimate  processes 
that  permit  the  escape  of  the  hfemoglobin  are  not  finally 
solved.  However,  the  agents  by  which  the  escape  is 
brought  about  are  well  known  and  extensively  studied, 
and  they  are  found  to  be  of  extremely  various  natures. 
They  may  be  roughly  classified  as:  (1)  Known  physical 
and  chemical  agents;  (2)  unknown  constituents  of  blood 
serum ;  (3)  bacterial  products ;  (4)  certain  vegetable  poi- 
sons; (5)  snake  venoms. 

While  the  known  chemical  and  physical  agencies  in  the 
production  of  haemolysis  have  much  significance  in  physi- 
ology, and  to  some  extent  in  pathology,  yet  the  impor- 
tance of  the  subject  of  haemolysis  at  the  time  of  this  writ- 
ing rests  chiefly  upon  the  work  now  being  done  with 
blood  serums ;  and  in  turn  the  chief  importance  of  this 
work  lies  in  its  relation  to  problems  of  bacterial  destruc- 
tion, cell  destruction,  and  the  general  laws  of  cell  sus- 
ceptibility and  cell  resistance.  Hence  we  shall  devote 
particular  attention  to  the  subject  of  serum  haemolysis, 
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appreciating  that  whether  time  does  or  does  not  show 
this  work  to  be  of  as  far-reacliing  importance  as  is  now 
hoped,  yet  in  any  event  it  will  mark  a  distinct  period  in 
the  history  of  medical  science.  As  being  by  far  the  sim- 
pler, however,  we  shall  first  discuss: 

(1)  H^.MOLYsis  BY  Known  Chemical  and  Physical 
Agencies. 

If  distilled  water  is  added  to  corpuscles  of  any  kind, 
osmotic  changes  are  bound  to  occur,  since  within  the  cells 
are  abundant  salts,  soluble  in  water,  which  will  begin  to 
difl'use  outward  in  an  attempt  to  establish  osmotic  equilib- 
rium between  the  corpuscles  and  the  surrounding  fluid. 
Conversely  water  enters  the  corpuscles  at  the  same  time, 
and  accumulating  there  leads  to  swelling  until  such 
injury  has  been  produced  as  permits  the  liaemoglobiu  to 
escape  and  enter  the  surrounding  fluid.  Before  this  oc- 
curred the  fluid  was  opaque  because  of  the  obstruction  to 
light  offered  by  the  red  cells.  The  stroma  now  settles  to 
the  bottom,  while  the  haemoglobin  diffuses  into  the  fiuid, 
making  it  red,  but  perfectly  transparent.  This  process 
has  long  been  known  as  the  "laking"  of  blood,  and  is 
essentially  the  condition  present  in  all  forms  of  haemo- 
lysis. That  the  haemoglobin  escapes  only  through  injury 
of  the  stroma  and  not  through  simple  osmotic  difiusion  is 
shown  by  the  fact  that  if  salt  solution  of  the  same  con- 
centration as  normal  serum  is  used  instead  of  distilled 
water,  no  such  escape  of  hsemoglobin  occurs.  As  hajmo- 
globin  is  perfectly  soluble  in  the  salt  solution  it  should 
pass  out  if  it  difllused  as  do  the  salts.  Since  there  is  no 
escape  of  haemoglobin  in  such  a  salt  solution,  it  is  evident 
either  that  the  stroma  is  not  permeable  to  haemoglobin,  or 
else  the  haemoglobin  is  in  some  way  attached  to  or  com- 
bined with  the  stroma.  Again,  if  the  corpuscles  are 
placed  in  a  solution  of  salt  more  concentrated  than  their 
own  fluids,  water  escapes  and  the  corpuscles  shrink ;  as 
no  haemoglobin  escapes  with  the  water  it  is  evident  that 
the  stroma  is  not  permeable  to  haemoglobin  when  intact. 
Therefore  it  would  seem  that  haemolysis  by  distilled 
water  may  be  purely  physical,  produced  by  the  cell 
stretching  until  rupture  occurs  and  the  hiemoglobin  es- 
capes as  from  a  sac,  or  else  it  may  be  that  the  stroma  is 
partly  soluble  in  water  but  not  in  salt  solution,  so  that 
the  distilled  water  dissolves  the  stroma  and  the  haemo- 
globin escapes  from  its  attachment.  Because  of  the  re- 
semblance of  the  process  of  haemolysis  to  the  rupture  of 
plant  cells  with  escape  of  their  contents  when  they  are 
placed  in  distilled  water,  it  might  be  assumed  that  hemo- 
lysis is  largely  a  physical  matter,  but  there  are  many  in- 
dications that  chemical  changes  must  be  involved.  For 
example,  if  a  red  corpuscle  in  an  isotonic  solution  is  cut 
into  pieces  the  haemoglobin  does  not  escape,  indicating 
that  its  structure  is  quite  dissimilar  to  that  of  the  simple 
vegetable  cell,  and  that  there  is  some  union  of  stroma  and 
of  haemoglobin  other  than  physical. 

Repeated  alternate  freezing  and  thawing  is  another 
physical  means  of  bringing  on  haemolysis.  Heating  to 
63°-64°  C.  causes  haemolysis  of  mammalian  corpuscles;  in 
cold-blooded  animals  this  seems  to  occur  at  a  slightly 
lower  temperature. 

Some  chemical  agents,  as  might  be  expected,  are  capa- 
ble of  liberating  haemoglobin,  even  when  the  corpuscles 
are  in  isotonic  solutions.  The  ordinary  salts  of  serum,  of 
course,  do  not  have  this  property,  but  ammonium  salts 
are  strongly  haemolytic.  Urea  also  will  dissolve  red  cor- 
puscles. The  chemical  agents  that  dissolve  red  corpus- 
cles seem  to  be  those  that  have  the  power  of  penetrating 
the  stroma.  Ammonium  salts  and  urea  penetrate  the 
corpuscles  freely  and  cause  haemolysis.  Stigar  and  NaCl 
seem  not  to  penetrate  the  corpuscle,  and  therefore  do  not 
produce  haemolysis.  Of  the  permeating  substances  there 
seem  to  be  two  types:  One,  hke  urea,  does  not  produce 
haemolysis  when  in  a  solution  of  NaCl  isotonic  with  the 
serum;  the  other,  like  ammonium  chloride,  is  not  pre- 
vented from  producing  haemolysis  by  the  presence  of 
NaCl.  All  these  agents  seem  to  effect  haemolysis  by  act- 
ing on  the  stroma,  for  when  the  stroma  of  corpuscles 
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hardened  in  formalin  has  its  lecithin  and  cholesterin  re- 
moved with  ether,  saponin,  a  powerful  hfemolytic  sub- 
stance, seems  to  have  no  effect.  The  action  of  saponin 
and  of  many  other  hsemoly  tic  agents  can  be  prevented  by 
the  presence  of  cholesterin  in  excess,  suggestmg  that  it 
is  this  constituent  of  the  stroma  that  is  affected.  The 
fact  that  chloroform,  ether,  and  amyl  alcohol  will  cause 
laking  is  probably  intimately  connected  with  the  fact 
that  lecithin  and  cholesterin,  important  constituents  of 
the  stroma,  are  both  soluble  in  these  substances.  Arseni- 
uretted  hydrogen  when  inhaled  causes  intravascular 
htemolysis,  and  there  are  many  other  drugs  and  chemicals 
with  the  same  property,  among  which  may  bo  mentioned 
nitrobenzol,  nitroglycerin,  and  the  nitrites,  guaiacol, 
pyrogallol,  acetanilid,  and  numerous  aniline  compounds. 
The  bile  acids  and  their  salts  will  also  produce  htemo- 
lysis, as  seen  in  jaundice.  Sodium  bicarbonate  solutions 
of  one  or  two  per  cent,  are  hsemolytic  for  some  varieties 
of  corpuscles,  but  0.1  per  cent.  NajCOa  and  NaHCOs  do 
not  cause  hemolysis. 

Leucocytes  are  dissolved  by  some  of  these  agents,  par- 
ticularly the  bile  salts,  although  they  are  affected  by  no 
means  so  rapidly  or  so  much  as  are  the  erythrocytes. 
There  seems  to  be  no  relation  between  the  erythrolytic 
and  leucolytic  powers  of  these  substances.  "Water 
causes  swelling,  with  solution  of  the  granules  in  time, 
and  the  same  is  true  of  ammonium-chloride  solutions. 

(3)  HAEMOLYSIS  BY  SeKUMS. 

With  these  facts  as  to  the  physical  and  chemical  prop- 
erties of  the  red  corpuscles,  we  may  consider  the  features 
of  serum  hasmolysis.  Since  a  very  early  time  it  has  been 
known  that  it  is  not  possible  to  substitute  the  blood  of 
animals  for  the  blood  of  man  by  transfusion,  because  the 
corpuscles  of  both  transfused  and  native  blood  soon  suffer 
destruction.  Animal  experiments  also  showed  that  as  a 
general  rule  the  blood  of  one  animal  cannot  be  substi- 
tuted for  that  of  another  of  a  different  species.  This  ob- 
servation was  not  extended,  however,  until  attention  was 
drawn  to  it  later  by  experimental  iuvestigations  that  may 
be  said  to  have  begun  with  the  observations  of  Belfantl 
and  Oarbone.  They  found  that  if  the  red  corpuscles  of  a 
rabbit  were  injected  into  a  horse  repeatedly,  the  serum  of 
the  horse  became  very  toxic  for  rabbits,  because  it  caused 
dissolution  of  their  red  corpuscles.  It  also  developed 
that  this  same  hemolytic  property  was  manifested  when 
the  serum  was  added  to  rabbit  corpuscles  in  a  test  tube. 
When  Bordet  showed  the  similarity  of  this  process  with 
the  solution  of  bacteria  by  serum,  a  process  that  had 
already  been  studied  in  a  similar  manner,  the  phenome- 
non of  heemolysis  by  serum  suddenly  leaped  into  impor- 
tance, and  has  now  for  some  time  occupied  the  attention 
of  a  large  part  of  the  bacteriologic  and  pathologic  labo- 
ratories of  the  world.  In  hsemolytic  experiments  we 
have  a  means  of  studying  the  property  of  blood  serum 
of  destroying  cells  under  varying  conditions,  which  is 
extremely  easy  to  observe  and  control  as  compared  with 
the  less  readily  examined  bacteria  or  tissue  cells  What- 
ever the  future  may  develop  as  to  their  ultimate  worth 
there  can  be  no  doubt  that  hfemolysis  experiments  have 
given  us  many  new  and  clear  conceptions  of  the  means 
of  defence  of  the  body  against  bacteria,  and  also  of 
ciianges  m  cells  of  other  sorts,  that  would  not  have  been 
secured  by  any  other  method. 

The  manner  of  conducting  hemolysis  experiments  is 
usually  about  as  follows:  Blood  corpuscles  of  the  kind  to 
be  tested  are  secured  by  deflbrinating  the  freshly  drawn 
blood  m  the  usual  way,  by  whipping.  A  five-per-cent 
solution  of  these  corpuscles  is  made  by  adding  19  parts  of 
0.  (5  per-cent.  NaCl  solution,  which  is  isotonic  with  them 
This  emulsion  is  placed  in  test  tubes,  very  small  ones  by 
choice  in  order  to  save  material,  and  the  serum  that  is  to 
be  studied  IS  added  to  it.  It  is  necessary  that  the  tubes 
be  cleaned  as  for  chemical  research  and  sterilized  and 
all  steps  of  the  experiments  should  be  under  aseptic  nre- 
cautions  to  prevent  bacterial  action  affecting  tlie  exneri- 
ments.     As  Jordan  has  shown  that  even  the  degree  of 
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alkalinity  possessed  by  some  varieties  of  glassware  when 
new  may  cause  haemolysis,  the  tubes  should  be  cleaned 
with  the  usual  acid  cleaning  fluid.  The  tubes,  stoppered 
with  cotton,  are  kept  at  37°  C,  and  in  the  course  of  from 
fifteen  minutes  to  two  hours  the  haemolysis  will  be  mani- 
fested by  the  diffusion  of  the  haemoglobin  upward  into 
the  supernatant  fluid,  while  the  turbidity  produced  by 
the  red  corpuscles  disappears.  At  the  bottom  of  the  test 
tube  the  stroma  collects  as  a  slight  sediment. 

T7w  Mechanism  of  Hcemolysis. — If  a  serum  from  an  ani- 
mal immunized  against  the  red  corpuscles  of  another  ani- 
mal is  allowed  to  act  upon  such  red  corpuscles  in  a  test 
tube,  hajmolysis  occurs  promptly.  Bordet  showed  that 
this  property  was  lost  if  the  serum  was  heated  half  an 
hour  at  55°  C. ,  indicating  that  tlie  destroying  agent  was 
very  sensitive  to  heat.  In  addition  he  found  that  if  to 
such  heated  serum,  deprived  of  all  haemolytic  power, 
there  was  added  a  small  amount  of  serum  from  an  animal 
that  had  not  been  immunized  and  which  was  of  itself  in- 
ert, the  combination  was  quite  as  active  as  the  unheated 
immune  serum.  In  other  words,  there  is  contained  in 
normal  serum  a  substance  easily  destroyed  by  heat,  that 
needs  to  be  present  to  cause  such  specific  haemolysis. 
But  this  tliennoloMle  substance  alone  is  not  able  to  dis- 
solve the  red  corpuscles,  as  the  normal  serum  is  found  to 
be  quite  inactive;  it  is  necessary  also  to  have  present 
some  second  substance  that  appears  in  the  serum  during 
the  process  of  immunization.  And  as  heated  serum  Is 
also  quite  inactive  it  is  apparent  that  this  heat-resisting 
{tliermostable}  substance  is  not  of  itself  able  to  dissolve 
the  corpnscles.  Therefore  evidently  two  substances  are 
needed  to  dissolve  the  corpuscles:  one,  which  is  easily 
destroyed  by  heat  and  which  is  present  in  normal  serum; 
the  other,  which  is  present  in  sera  of  immunized  animals, 
and  which  resists  heat.  Before  Bordet  had  demonstrated 
these  facts  about  the  red  corpuscles  he  hud  found  out 
that  the  same  conditions  prevailed  in  the  destruction  of 
cholera  spirilla  by  the  serum  of  animals  immunized 
against  them — two  similarly  behaving  bodies  are  required 
in  the  solution  of  the  organisms,  the  so-called  "  Pfeiffer's 
reaction."  Out  of  these  fundamental  observations  have 
grown  the  vast  amount  of  research  on  serums  in  their 
relation  to  immunity,  and  on  them  have  been  based  the 
theory  of  Ehrllch  as  to  the  ultimate  nature  of  the  proc- 
esses of  bacterial  and  cellular  destruction  that  protect  the 
body  from  infection  and  disease,  and  which  perhaps  play 
a  part  even  in  normal  metabolism. 

Ehrlich's  Theoky  of  Hemolytic  Processes. — Al- 
though at  this  time  Ehrlich's  ideas  stand  only  as,theories, 
and  nothing  more,  still  the  fact  that  they  have  given  us 
some  sort  of  mental  image  upon  whioh  to  base  investiga- 
tions of  undoubted  value,  places  them  in  a  certain  posi- 
tion of  permanence.  For  this  reason  we  shall  endeavor 
to  set  them  forth  briefly  in  this  article. 

The  JVntiire  of  Taxuiand  Antitoxin. — The  fundamental 
feature  of  Ehrlich's  theory  rests  upon  a  conception  of  the 
manner  in  which  a  toxin  attacks  a  cell.  If  we  consider 
a  cell  purely  as  a  mass  (  f  various  chemicals,  and  a  toxic 
material  as  another  chemical  substance,  either  simple  or 
complex,  it  will  be  apparent  that  the  toxic  substance  will 
affect  the  cell  if  there  is  a  chemical  affinity  between  them. 
If  there  is  no  such  affinity  that  particular  toxic  substance 
is  not  harmful  for  that  particular  cell.  On  the  other 
hand,  if  the  toxic  substance  and  the  cell  do  possess  a 
chemical  affinity  they  will  unite,  and  the  composition  of 
the  cell  will  be  altered.  When  the  uniting  substance  is 
toxic  the  result  of  the  union  is  an  injury  of  some  kind  to 
the  cell.  Undoubtedly  other  substances  may  unite  with 
the  cell  without  injuring  it,  for  example,  food  suppljes. 

If  this  line  of  reasoning  be  carried  still  further,  it  will 
be  readily  seen  that  of  the  many  substances  of  different 
chemical  nature  that  compose  a  cell,  not  all  can  have  the 
same  degree  of  affinity  for" the  toxin.  By  ordinary  chemi- 
cal laws  the  substance  that  has  the  greatest  affinity  will 
attract  the  toxin  until  it  is  saturated,  and  only  on  con- 
dition that  there  are  other  substances  with  affinity  of 
varying  degrees  will  more  than  the  one  susceptible  sub- 
stance unite  with  the  toxin.    We  can  thus  conceive  of 
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a  cell  with  one  or  more  constituents  that  may  become 
united  to  any  given  toxin  with  varying  readiness.  To 
these  cell  components  that  combine  with  tlie  toxin  the 
name  receptor  has  been  given  bj""  Ehrlich,  and  is  generally 
applied.     It  will  be  readily  seen  that  if  a  cell  is  afCected 


tors  for  whatever  use  they  may  have  under  normal  con- 
ditions. Obeying  the  laws  of  regeneration  the  cell  re- 
places these  lost  groups  by  new  ones ;  indeed  it  replaces 
them  in  excess,  much  as  in  the  healing  of  a  wound  there 


FTGS.    5167  and  .5168.-EMlch's.  Diagrams  IllustrattaR  theMeoMnism.ot  ^'^^^^^X^^^^i^^^ui,  u.^,,  action.    4,  5,  and 


,  and  3  Illustrate  different  forms  of  re- 
"ceptors,  show'irig'tlie"aecessity  toi-  agreement  of  the  combining  bodies. 

rfCteroIftlc  S  cytorytl?  serar  8  shows  the  amboceptor,  while  attached  to  the  cell,  uniting  the  complement  to  a  large  molecule. 


by  a  toxin  that  fact  implies  the  presence  in  the  cell  of  a 
receptor  for  the  toxin.  Conversely  an  absence  of  proper 
receptors  will  explain  the  lack  of  susceptibility  of  certain 
other  cells  to  the  same  toxin.  For  example,  we  may  con- 
sider that  some  animals  are  immune  to  tetanus  because 
the  cells  of  their  nervous  systems  contain  no  receptors 
that  will  combine  with  the  tetanus  toxin.  To  make  the 
analogy  to  chemical  reactions,  Ehrlich  has  likened  the 
receptors  to  the  various  side  chains  of  organic  compounds. 

Figs.  5167  to  5171  represent  in  diagrammatic  form  the 
principles  involved,  in  which  definite  forms  are  made  to 
indicate  chemical  groups,  and  differences  in  their  con- 
figuration to  indicate  differences  in  chemical  aftuity. 
The  protrusions  from  the  cells  indicate  the  receptors  or 
"side  chains"  that  combine  with  outside  substances. 
Each  particular  variety  of  receptor  combines  with  the 
particular  toxin  for  which  it  has  a  chemical  afBmty,  as 
indicated  by  correspondence  of  configuration.  In  these 
diagrams  toxic  bodies  are  always  indicated  in  black; 
and  the  black  objects  represent  toxins  which  combine 
with  the  particular  receptors  they  fit,  or,  m  other  words, 
for  which  they  have  a  chemical  affinity. 

The  body  known  as  antitoxin  is  evidently  one  that  has 
the  power  of  combining  with  the  toxin,  for  it  has  been 
demonstrated  repeatedly  that  mixtures  of  toxm  and  anti- 
toxin in  proper  proportion  that  have  stood  together  a 
short  time  are  quite  inert;  the  union  seems  to  be  alter 
the  nature  of  the  union  of  chemicals.  This  fact  likens 
antitoxin  to  the  receptors  which  have  just  been  described, 
and  in  fact  it  is  considered  that  antitoxin  and  receptor 
are  identical  substances,  with  the  difference  that  the  re- 
ceptor is  a  part  of  a  cell,  while  the  antitoxin  exists  tree 
in  the  serum.  Ehrlich's  explanation  of  the  formation  ot 
antitoxin  is  as  follows:  When  the  toxin  combines  with 
the  receptors  of  a  cell,  the  cell  is  deprived  of  these  recep- 


is  an  excessive  formation  of  new  cells.  The  excessive  re- 
ceptor bodies  fall  away  from  the  cell  into  the  serum, 
where,  if  they  meet 
with  any  toxin,  they 
will  combine  with  it 
just  as  well  as  if  they 
were  still  attached  to 
the  cell.  Of  course  if 
the  toxin  is  saturated 
with  receptors  while 
in  the  serum,  it  is  de- 
void of  any  affinity  for 
the  receptors  attached 
to  the  cells  and  does 
not  harm  the  cells.  In 
this  way  the  cells  are 
protected  from  the 
toxin.  So,  when  we 
inject  diphtheria  anti- 
toxin into  the  body  of 
a  patient,  we  are  mere- 
ly introducing  recep- 
tors from  the  suscep- 
tible cells  of  a  horse. 
These  meet  with  the 
molecules  of  diph- 
theria toxin  while  it  is 

still  in  the  blood,  and  combining  with  it  there  prevent  it 
attaching  itself  to  any  of  the  cells  of  the  patient,  and  so 
it  is  rendered  incapable  of  causing  harm.  The  dipli- 
tberia  antitoxin  is  not  only  able  to  combine  with  diphthe- 
ria toxin  which  is  in  the  circulation,  but  if  in  excess  to 
wrest  from  the  cells  toxin  which  may  have  already  been 
combined,  probably  by  the  law  of  mass  action,  iliis 
always  happens  when  a  case  of  diphtheria  is  cured  by 
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FIG.  5169.— Receptor  ol  the  First  Order 
(a).  6,  Haptophore  complex;  6, 
combined  toxin  molecule,  with  hapto- 
phore (c)  and  toxophore  (if)  groups. 
(After  Ehrlich.) 


Hemolysis. 
Heemolysis. 
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Fig.  5170.  —  Receptor  (if  tlie  Second  lirder 
iaool).  with  haptoptiore  ie)  and  zyinoptiore 
(d)  groups;  /,  coiabiued  food  molecule.  (Af- 
ter Ehrlich.) 


antitoxin,  and  the  clinical  evidence  of  the  "wresting" 
process  is  the  sudden  subsidence  of  the  disease.  It  is 
not  so  easy  to  wrest  tetanus  toxin  from  the  nervous 
tissue  with  antitoxin,  and  accordingly  tetanus  is  not 
often  cured  by  antitoxin. 

One  of  the  strongest  ]iroofs  of  Ehrlich 's  conception  of 
antitoxin  and  toxiii  is  tliat  furnished  by  Wa.ssermann's 

experiment. 
Tills  consists 
in  permitting 
tetanus  toxin 
to  stand  for 
some  time  in 
contact  witli 
nervous  tissue; 
it  will  then  be 
found  that  the 
fluid  part  lias 
lost  all  of  its 
toxic  proper- 
ty, and  fur- 
ther, that  the 
cellular  por- 
tion whicli  pre- 
sumably con- 
tains the  toxin 
is  also  not 
toxic.  This 
agrees  fully 
with  Ehrlicir's 
idea  tliat  a  toxin  attacl^s  the  cells  tliat  have  receptors  for 
it,  and  wlieu  so  combined  is  liarmless  for  otlier  cells.  In 
this  case  the  nerve  cells  liave  combined  witli  the  toxin 
just  as  does  antitoxin  and  have  rendered  it  unable  to 
attack  other  nerve  cells.  Other  tissues  are  found  to  be 
quite  unable  to  fi.x  tetanus  toxin  in  this  way.  A  similar 
action  has  been  found  by  Flexner  to  exist  between  ner- 
vous tissue  and  the  specific  nervous  poison  of  cobra 
venom.  Tlie  union  of  toxin  and  antitoxin  seems  to  be  of 
strictly  chemical  nature,  for  it  follows  the  usual  laws  of 
chemical  union,  and  it  seems  impossible  to  separate  again 
the  toxin  and  antitoxin  after  they  have  combined. 

No.  4,  of  Fig.  .5167,  and  No.  5,  of  Fig.  5168,  illustrate 
the  overproduction  of  receptor  groups,  which  are  liber- 
ated and  enter  the  blood  plasma.  No.  6  (Fig.  5168)  in- 
dicates the  combining  of  the  receptors  with  the  toxin 
molecules,  and  shows  how  incapable  they  now  are  of 
combining  with  the  cell. 

In  the  process  of  immunization,  under  this  conception, 
the  receptors  of  the  cells  are  repeatedly  combined  with 
toxin,  and  the  resulting  reaction  on  the  part  of  the  cells 
causes  the  discharge  of  large  numbers  of  free  cell  recep- 
tors into  the  blood.  These  receptors  give  the  serum 
whatever  antitoxic  property  it  may  have. 

The  Structure  of  Toxins.— We  have  referred  to  the 
fundamental  conception  of  a  toxic  substance  as  a  sub- 
stance which  by  combining  with  the  receptor  of  a  cell  in- 
jures the  cell  in  some  way.  It  has  been  developed  that 
toxin  accomplishes  this  injury  by  a  portion  of  itself  that 
is  different  from  the  portion  that  combines  with  the  re- 
ceptor. In  other  words,  a  toxin  consists  of  a  substance 
that  binds  it  to  the  cell,  and  of  another  that  causes  the  in- 
jury to  the  cell.  This  may  be  explained  best  by  describ- 
ing the  facts  tliat  gave  rise  to  this  idea.  When  a  toxin, 
say  tetanus  toxin,  has  been  kept  for  some  time,  it  is  found 
that  its  toxic  action  decreases  until  relatively  very  large 
amounts  are  required  to  produce  symptoms  of  tetanus 
in  animals.  Such  a  weakened  toxin,  however,  retjuircs 
just  as  much  antitoxin  to  neutralize  its  toxic  action  as  it 
did  while  possessed  of  its  full  strength.  As  the  antitoxin 
is  merely  an  accumulation  of  free  receptors,  it  seems  that 
the  toxin  during  the  process  of  weakening  has  lost  none 
of  its  power  to  unite  with  receptors,  but  rather  has  lost 
its  power  to  cau,se  injury  to  the  cell.  The  group  that  at- 
taches itself  to  the  cell  receptor  has  been  called  by  Ehr- 
lich the  haptophore  group,  while  the  group  that  injures 
the  cell  is  called  the  tn.rapliore  group.  Toxins  that  have 
become  weakened  while   still  retaining  their  power  to 


combine  with  antitoxin  are  referred  to  as  toxoids,  and 
are  supposed  to  be  toxins  that  have  lost  the  toxophore 
group  but  have  retained  the  haptophore  group.  In  the 
diagrams  of  Ehrlich  the  fringed  portion  of  the  toxin 
figure  represents  the  toxophore  portion;  the  part  fitting 
with  the  receptor,  the  haptophore. 

It  may  be  mentioned  that  this  degeneration  of  toxins 
into  toxoids  has  practical  application  in  immunization, 
for  since  toxoids  are  just  as  capable  of  combining  with  cell 
receptors  as  are  toxins,  they  can  be  used  to  produce  anti- 
toxin without  danger  of  causing  intoxication. 

Tlie  Relation  of  Toxins  to  Hcemolysins. — While  the  above 
discussion  of  tlie  nature  of  toxin  and  antitoxin  does  not 
directly  appl}'  to  the  subject  of  htemolysis,  yet  it  is  nec- 
essary to  an  understanding  of  the  principles  of  cj^tolytic 
phenomena,  since  out  of  this  conception  of  the  nature  of 
immunity  against  toxin  has  come  our  present  conception 
of  the  nature  of  immunity  against  cells.  Animals  are 
immunized  against  foreign  blood  corpuscles  just  as  they 
are  against  bacteria  and  against  toxins,  by  repeated  in- 
jections of  small  amounts  of  the  foreign  substance. 
Similarly  in  each  case  their  serum  comes  to  contain  a 
substance  capable  of  protecting  the  animal  against  the 
injected  material.  However,  there  is  one  important  dif- 
fei'ence  between  immunity  against  toxin  and  immunity 
against  cells,  whether  these  cells  are  bacteria,  blood  or 
tissue  cells  matters  not.  To  neutralize  a  toxin  it  is  mere- 
ly necessary  to  occupy  the  group  of  the  toxin  that 
unites  with  the  cell  receptors,  for  then  the  toxin  cannot 
unite  with  the  cells  to  injure  them ;  in  this  harmless  con- 
dition the  toxin  is  destroyed  or  eliminated.  In  the  case 
of  the  cells,  however,  it  is  necessary  that  the}'  be  de- 
stroyed by  the  serum,  and  this  requires  more  than  the 
entrance  into  them  of  some  bodj'  from  the  serum;  they 
must  be  attacked  somewhat  in  the  way  a  toxin  attacks  a 
cell.  In  fact,  a  serum  immunized  against  a  cell  is  really 
a  toxin  for  that  cell,  and  like  the  bacterial  toxins  it  pos- 
sesses two  groups,  one  combining  with  the  cell,  and  the 
other  that  attacks  the  cell.  Plowever,  there  are  certain 
important  differences  between  bacterial  toxins  and  im- 
mune serums.  It  will  be  remembered  that  it  was  found 
that  both  bacteriolytic  and  hsemol3'tic  serums  lost  the 
power  of  producing  their  specific  effects  of  cell  destruc- 
tion when  heated  for  half  an  hour  at  55'  C,  and  that 
they  regained  this  power  in  full  when  to  them  was  added 
some  normal  serum,  whicli  alone  was  quite  inactive. 
From  this  it  was  deduced  that  two  substances  enter 
into  the  cytoh'sis:  one  susceptible  to  heat  and  present 


I'"i(i.  .5171. —Receptor  of  the  Third  Order,  amli.  The  receptor;  e, 
haptophore  (cytophile)  group;  o,  complementophile  group;  K, 
complement,  with  haptophore  Oi)  and  zymotoxic  (z)  groups;  f, 
combined  food  molecule.     (After  Ehrlich.) 

in  normal  serum,  the  other  more  resistant  to  heat, 
and  present  only  in  immunized  animals.  Comparing 
the  cytolytic  serum  with  the  toxin  we  see  that  the 
chief  difference  lies  in  the  fact  that  one  of  the  cytolytic 
bodies  is  present  normally  in  the  serum,  and  can  be  sup- 
plied quite  readily  to  make  the  other  body  active.  In 
its  susceptibility  to  injurious  agents  and  in  its  power  to 
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destroy  cells  this  thermolabile  substance  resembles  the 
toxophore  group  of  the  toxin.  As  it  has  to  be  added  to 
the  body  that  is  developed  during  immunization  to  render 
the  latter  active,  it  has  been  given  the  name  of  complement, 
indicating  that  it  is  a  complementary  substance  in  the  re- 
action. Another  name  sometimes  applied  to  the  same 
body,  addim^nt,  is  of  similar  significance.  On  the  other 
hand,  the  body  developed  in  the  serum  through  the  proc- 
ess of  immunization,  is  quite  like  the  haptophore  group 
of  the  toxin,  in  that  it  is  more  resistant  to  injurious  in- 
fluences, and,  as  will  be  shown  later,  is  concerned  in 
uniting  the  complement  to  the  cell  to  be  attacked.  As  it 
has  two  affinities,  one  for  the  cell,  the  other  for  the  com- 
plement, it  has  been  called  by  Ehrlich  amboceptor,  imply- 
ing the  double  affinity.  A  receptor,  for  example,  having 
but  one  affinity  may  be  called  a  uniceptor.  Another 
name  commonly  given  to  the  amboceptor  is  immu7ie  body, 
because  it  is  the  specific  substance  that  confers  immunity ; 
but,  as  this  or  a  similar  body  may  be  naturally  present  in 
the  serum  of  animals  that  have  not  been  immunized,  this 
name  can  be  used  only  for  specifically  immunized  ani- 
mal serum,  and  the  more  general  term,  intermediary 
body,  is  used  except  in  specific  instances. 

2'iie  Mechanism  of  Hcernolyais. — Our  understanding  of  the 
phenomena  of  serum  hemolysis  is  therefore  as  follows: 
During  immunization  the  immune  bodies  are  developed, 
which  have  the  property  of  combining  with  the  red  cells, 
attaching  themselves  to  the  receptors  of  the  corpuscles. 
They  combine  on  the  other  side  with  the  complement 
that  is  present  normally  in  the  serum,  even  before  im- 
munization, and  by  so  attaching  it  to  the  corpuscles  en- 
able it  to  exert  its  destructive  action.  This  arrangement  is 
indicated  by  No.  7  (Pig.  5168j,  in  which  the  black  fringed 
body  represents  the  complement,  united  by  the  ambocep- 
tor to  the  red  cell  receptor.  Beside  it  are  shown  free  the 
two  constituents  of  the  haemolysin.  Without  being  at- 
tached in  this  way  the  complement  is  quite  inert.  That 
the  immune  body  is  attached  to  the  corpuscles  is  shown 
by  the  following  experiment:  If  an  immune  serum_  is 
heated  the  complement  is  destroyed,  and  we  have  the  im- 
mune body  in  an  inactive  condition  in  the  serum.  This 
inactive  serum  is  mixed  with  red  corpuscles,  and  kept  for 
fifteen  minutes  at  45°  C. ;  the  red  corpuscles  arc  then  sepa- 
rated by  centrifugalization.  The  supernatant  fluid  is  re- 
moved and  added  to  other  red  cells.  If  it  still  contains 
intermediary  body  it  should  be  able  to  dissolve  the  cor- 
puscles when  fresh  normal  serum,  containing  comple- 
ment, is  added.  As  no  hemolysis  does  occur  it  appears 
that  all  the  intermediary  body  has  been  taken  out  of  the 
serum  by  the  fed  corpuscles.  That  this  is  the  case  can 
be  proved  by  adding  to  these  corpuscles  some  normal 
serum  which  contains  complement,  but  no  intermediary 
•  body,  for  the  corpuscles  are  now  quickly  dissolved. 
Therefore  all  the  intermediary  body  must  have  been 
united  to  the  red  corpuscles  during  the  fifteen  minutes' 
exposure  at  45°  C.  Another  demonstration  of  this  is  made 
as  follows :  If  just  enough  red  corpuscles,  heated  immune 
serum,  and  fresh  normal  serum  are  mixed  at  0°  C.  in  the 
proportions  required  to  saturate  all  the  affinities  and  to 
leave  nothing  over,  on  removing  the  corpuscles  it  will  be 
found  that  all  the  complement  is  in  the  supernatant  fluid, 
and  all  the  intermediary  body  is  attached  to  the  corpus- 
cles. This  indicates  that  the  affinity  of  the  intermediary 
body  for  the  receptor  of  the  corpuscle  is  greater  than  its 
affinity  for  the  complement,  and  also  shows  that  at  0  0. 
the  complement  and  intermediary  body  can  exist  side  by 
side  without  combining. 

The  foregoing  are  the  fundamental  facts  concerning 
the  mechanism  of  haemolysis,  and  the  facts  themselves 
are  generally  accepted.  However,  there  are  those  who 
oppose  the  theory  advanced  by  Ehrlich  in  explanation, 
contesting  it  on  various  grounds.  For  instance,  by  some 
it  has  been  thought  that  the  intermediary  body  acts  after 
the  manner  of  a  mordant,  simply  modifying  the  cell  so 
that  it  absorbs  the  complement,  and  all  the  features  of 
hiBmolysis  are  considered  manifestations  of  physical 
rather  than  of  chemical  action.  Nevertheless,  at  the  time 
of  writing  it  has  been  possible  to  fit  all  the  tacts  that 


have  been  developed  into  accord  with  the  theory,  and 
there  is  no  question  that  the  theory  has  been  of  immense 
value  in  giving  a  ground  from  which  to  proceed  in  new 
investigations  of  the  laws  and  processes  of  immunity. 
In  defending  the  theory,  however,  it  has  been  found  nec- 
essary greatly  to  amplify  and  modify  the  original  simple 
conception  stated  in  the  preceding  paragraphs ;  and,  as 
this  process  is  still  going  on,  it  will  be  impossible  here  to 
give  a  complete  account  of  all  the  changes  so  made. 
Considering  each  by  itself,  we  shall  make  an  attempt  to 
give  the  chief  facts  concerning  the  two  agents  in  the 
heemolytic  process. 

TM  Intermediary  Body. — This  factor  in  the  cytolytic 
process  has  had  an  unfortunately  large  number  of  names 
applied  to  it,  leading  to  much  unnecessary  confusion. 
Immune  body  and  amboceptor  have  already  been  men- 
tioned and  explained.  French  writers  often  use  the 
term,  substance  sensibilisatriee,  with  the  view  that  its  ac- 
tion is  to  prepare  the  corpuscle  for  the  action  of  the  com- 
plement. Rarely  used  now  are  the  terms  fixator,  desman, 
and  copula.  In  general  the  name  "  intermediary  body  " 
(German,  ZwischenkSrper)  is  to  be  preferred,  unless  we 
are  dealing  with  a  specific  substance  obtained  by  immuni- 
zation, when  the  term  "  immune  body  "  may  be  used. 

Its  exact  nature  is  totally  unknown,  for  it  has  not  been 
found  possible  to  isolate  it  from  other  constituents  of 
either  serum  or  blood  corpuscles.  The  fact  that  it  is 
generally  deprived  of  its  action  at  about  70°  C.  would  sug- 
gest that  it  is  either  a  form  of  proteid  or  is  combined  with 
one.  However,  thermolabile  intermediary  bodies  have 
been  described ;  like  the  complement  they  are  destroyed 
at  a  lower  temperature.  The  intermediary  body  does 
not  seem  to  develop  an  affinity  for  the  complement  until 
it  has  first  combined  with  the  cell. 

In  immunization  the  body  is  formed  in  large  quantities, 
much  as  is  the  antitoxin.  As  a  rule  the  greater  the  dif- 
ference in  the  nature  of  the  animals  used  the  greater  the 
activity  of  the  resulting  serum.  Rapid  absorption  of 
large  quantities  of  corpuscles  is  also  desirable,  to  which 
end  the  blood  is  usually  diluted  with  an  equal  quantity  of 
0.75-per-cent.  salt  solution  and  injected  intraperitoneally. 
Immunization  with  either  the  stroma  of  red  cells,  or 
laked  blood  free  from  stroma,  gives  rise  to  haemolysins ; 
but  pure  haemoglobin  does  not  have  as  marked  an  im- 
munizing power  (Ford  and  Halsey).  Ehrlich  explains 
the  formation  of  the  immune  body  on  the  same  basis  as 
the  antitoxin  formation  is  explained.  In  its  ordinary 
processes  of  nourishment  each  cell  must  combine  with, 
proteid  molecules  so  large  that  in  comparison  with  them 
the  toxin  molecules  are  small  indeed.  Such  giant  mole- 
cules cannot  be  used  by  the  cell  as  they  are,  but  are 
made  available  by  means  of  a  ferment-like  process  which 
splits  them  up  into  smaller  fragments.  This  act  is  pict- 
ured as  being  accomplished  by  a  group  attached  to  the 
cell,  which  has  one  arm  with  affinity  for  the  proteid 
molecule  and  another  tor  the  ferment  (see  No.  8,  Fig. 
5168).  In  this  way  the  proteid  molecule  and  the  fer- 
ment are  united  in  order  that  the  proteid  may  be  acted 
upon.  It  will  be  seen  that  this  is  merely  an  amplifica- 
tion of  the  idea  of  the  toxophore  group  of  the  toxin, 
which  is  attached  to  the  cell  by  the  haptophore  group, 
in  order  that  it  may  produce  its  injurious  effects.  In 
hfemolysis  the  red  corpuscle  is  considered  in  the  place 
of  the  proteid  molecule,  and  in  immunization  against 
red  corpuscles  we  simply  have  large  quantities  of  such 
"  side  chains  "  as  have  this  double  affinity  for  corpuscle 
and  ferment,  cast  off  in  numbers  into  the  plasma.  These 
side  chains,  then,  are  the  intermediary  bodies,  which  by 
the  nature  of  their  affinities  are  able  to  unite  the  comple- 
ment to  the  red  corpuscles  and  to  accompUsh  their  de- 
struction. 

Normal  serum  may  contain  bodies  with  the  same  prop- 
erties as  the  immune  bodies.  For  example,  dog  serum 
has  normally  considerable  heemolytic  action  on  guinea- 
pig  corpuscles,  and  human  serum  on  rabbit  corpuscles. 
That  this  is  due  to  the  action  of  a  true  intermediary 
body  is  shown  by  the  fact  that  when  the  serum  is  heated 
and  the  dog  complement  is  destroyed,  normal  guinea- 
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pig  serum  when  added  will  furnish  complement  and 
hemolysis  will  occur.  This  also  indicates  that  one  par- 
ticular intermediary  body  may  unite  with  more  than 
one  sort  of  complement,  for  in  this  instance  guinea-pig 
complement  has  taken  the  place  of  dog  complement,  and 
has  united  with  amboceptors  from  dog  serum.  So  far 
as  we  know,  all  varieties  of  animals  may  produce  hasmo- 
lytic  amboceptors.  Noguchi  has  demonstrated  their 
presence,  both  normally  and  after  immunization,  in  both 
vertebrates  and  invertebrates. 

It  is  to  the  immune  body  that  the  specific  action  of 
inimune  sera  is  due.  This  may  be  shown  by  placing 
both  chicken  and  guinea-pig  corpuscles  in  a  drop  of 
serum  from  a  rabbit  immunized  against  chicken  corpus- 
cles. The  nucleated  corpuscles  of  the  chicken  can  be 
readily  distinguished  from  the  corpuscles  of  the  guinea- 
pig,  and  it  will  be  found  that  they  undergo  haemolysis, 
while  the  guinea-pig  corpuscles  do  not.  It  may  also  be 
mentioned  that  in  this  process  the  nuclei  of  the  corpus- 
cles are  not  dissolved,  only  the  cytoplasm  containing  the 
haemoglobin  being  noticeably  affected. 

On  the  other  hand,  it  is  possible  for  a  serum  to  con- 
tain at  the  same  time  a  large  variety  of  haemolytic  am- 
boceptors. These  may  be  present  normally,  in  which 
case  the  serum  has  the  power  to  dissolve  many  varieties 
of  corpuscles;  or  the  same  effect  may  be  obtained  by 
immunizing  the  animal  with  several  varieties  of  blood 
at  the  same  time.  It  has  been  shown  that  here  we  have 
not  one  amboceptor  capable  of  uniting  with  all  the  va- 
rieties of  corpuscle,  but  rather  there  is  a  special  ambo- 
ceptor for  each  variety.  If  one  is  removed  by  saturat- 
ing with  one  sort  of  red  corpuscle,  the  serum  can  still 
dissolve  all  the  other  sorts. 

Another  interesting  feature  of  the  immune  body  is 
that  animals  may  be  able  to  produce  a  body  hsemolytic 
for  other  individuals  of  their  own  species;  for  example, 
a  goat  immunized  against  the  corpuscles  of  another  goat 
may  have  its  serum  become  hsemolytic  for  the  corpus- 
cles of  that  particular  goat.  Such  a  lysin  is  called  iso- 
lysin,  as  contrasted  with  the  heterolysins  formed  when 
animals  of  different  species  are  used.  Of  great  impor- 
tance is  the  fact  that  an  autolysin,  that  is,  a  body  caus- 
ing haemolysis  of  the  corpuscles  of  the  animal  providing 
the  serum,  has  not  been  obtained,  although  many  ex- 
periments have  been  made  to  this  end.  It  can  be  read- 
ily understood  what  serious  results  would  promptly 
arise  if  such  autolytic  bodies  were  formed,  and  it  has 
naturally  been  suggested  that  such  a  condition  may 
exist  in  certain  instances  of  auto-intoxication.  In  vari- 
ous diseases,  moreover,  Eisenberg  found  that  isoagglu- 
tinins  were  present  in  very  variable  quantities,  yet  there 
were  no  instances  in  which  the  individual's  serum  was 
haemolytic  for  his  own  blood.  It  must  be  admitted  that 
at  present  the  reason  for  the  absence  of  autolysins  is  not 
satisfactorily  explained. 

The  time  required  for  the  development  of  immune 
bodies  varies  greatly,  as  also  does  the  time  of  persistence 
after  immunizing  injections  are  stopped.  In  some  in- 
stances haemolysins  may  be  found  as  soon  as  a  day  after 
injection  of  corpuscles  for  the  first  time,  and  they  are 
usually  present  in  a  week.  In  certain  experiments  of 
Ehrlich  the  time  when  maximum  activity  of  the  serum 
was  reached  varied  from  seven  to  fifteen  days. 

Bordet  and  other  French  observers  have  claimed  that 
the  union  between  amboceptor  and  corpuscle  is  not 
chemical  but  purely  physical,  but  this  contention  seems 
to  have  been  quite  completely  answered  by  EhrUch  and 
his  followers.  Ehrlich  illustrates  the  resemblance  of  the 
reactions  of  intermediary  bodies  to  known  chemical  sub- 
stances by  a  comparison  with  diazo-benzaldehyde.  By 
means  of  the  diazo  group  the  benzene  radical  may  be 
united  to  one  set  of  substances,  such  as  phenols,  aromat- 
ic amines,  etc.,  while  by  the  aldehyde  group  a  different 
set  of  substances  can  be  combined,  including  ammonia 
radicals  and  HCN.  Thus  by  having  the  diazo-benzalde- 
hyde as  an  intermediary  body,  phenol  and  HCN  can  be 
united,  the  phenol  in  this  case  assuming  the  place  of  the 
red  corpuscle,  and  the  HCN  the  place  of  the  complement 


In  any  event  it  seems  certain  that  the  union  of  the  im- 
mune body  is  with  the  stroma  alone,  and  as  physical 
means  have  been  found  inadequate  to  cause  the  hbera- 
tion  of  the  haemoglobin  it  is  apparent  that  some  chem- 
ical change  results. 

Of  the  two  combiriing  portions  of  the  amboceptor,  the 
one  that  has  an  affinity  for  the  complement  is  referred 
to  as  the  complementophile  group,  while  the  one  that 
unites  with  the  cell  is  called  the  cytophik;  or,  in  the  case 
of  haemolysis,  as  the  hcemophile  or  hcemotrophic  group.  It 
seems  probable  that  there  are  also  intermediary  bodies 
that  have  several  combining  groups,  and  are  therefore 
not  amboceptors,  but  triceptors,  quadriceptors,  etc. 

By  those  who  consider  phagocytosis  of  particular  im- 
portance in  all  processes  of  immunity,  the  observations 
of  Savtchenko,  that  immune  serum  causes  the  phago- 
cytes to  engulf  corpuscles  with  great  readiness,  is  es- 
teemed of  much  significance.  This  increased  phago- 
cytosis is  manifested  by  leucocytes  either  in  the  body 
or  in  the  test  tube,  and  may  explain,  at  least  in  part, 
the  increased  phagocytosis  observed  in  many  diseases. 
It  seems  to  be  due,  according  to  the  observations  of 
Hektoen,  to  an  accumulation  of  specific  opsonins  in  the 
blood;  opsonins  being  those  substances  which  render 
bacteria,  corpuscles,  and  other  cells  susceptible  to  pha^ 
gocytosis;  they  seem  to  be  quite  different  from  the  im- 
mune bodies. 

Immune  bodies  are  capable  of  transmission  from 
mother  to  foetus,  although  there  is  no  transmission  from 
the  male  parent.  A  rabbit  immunized  before  or  during 
pregnancy  to  certain  corpuscles  may  give  birth  to  young 
possessing  similar  immune  bodies,  and  it  is  possible  for 
immune  bodies  to  be  transmitted  by  the  milk.  Nor- 
mally existing  haemolytic  and  aggultinating  properties 
may  be  transmitted  from  mother  to  foetus,  but  they  do 
not  necessarily  agree  in  proportion  in  the  blood  of  each; 
but  they  are  usually  less  in  the  foetus. 

Complement. — Because  of  its  property  of  causing  so- 
lution phenomena  in  cells,  whether  corpuscles  or  other 
kinds,  complement  is  generally  considered  as  of  the  na- 
ture of  a  ferment,  and  this  is  supported  by  its  suscepti- 
bility to  heat,  which  is  much  the  same  as  that  of  the 
known  proteolytic  enzymes.  Many  chemical  agents, 
such  as  ten-per-cent.  HCl,  also  destroy  complements. 
Further-nore  Delezenne  has  shown  that  the  union  of 
trypsinogen  and  enterokinase  in  the  intestine,  that  re- 
sults in  the  production  of  the  active  proteolytic  ferment 
trypsin,  is  of  exactly  similar  nature  to  the  union  of  com- 
plement and  immune  body.  On  the  other  hand,  after 
haemolysis  of  red  corpuscles  no  bodies  are  found  that 
agree  with  those  produced  by  either  trj^ptic  oi  peptic 
digestion,  and  the  stroma  is  not  ordinarily  dissolved, 
but  is  deposited  at  the  bottom  of  the  test  tube  as  a  sedi- 
ment, still  retaining  some  of  its  original  form.  In  solu- 
tion of  red  corpuscles  by  the  known  proteolytic  enzymes 
the  haemoglobin  is  attacked  and  much  altered,  wmle  it 
is  unaffected  in  serum  haemolysis.  Again,  the  haemoly- 
sin  differs  from  a  ferment,  in  that  definite  quantities  of 
complement  dissolve  definite  quantities  of  corpuscles, 
and  do  not  ha\e  unlimited  action  as  do  the  ferments; 
therefore  it  would  seem  that  the  complement  enters 
into  combination  in  the  reaction  in  a  way  that  ferments 
do  not  do. 

The  origin  of  the  complement  is  unsettled,  although 
there  is  much  reason  to  believe  that  the  leucocytes  are 
one  source,  and  perhaps  the  chief  one.  The  complement 
cimtent  of  })oritoneal  fluid  seems  to  be  increased  if  many 
leucocytes  undergo  dissolution  in  it,  and  this  fact  was 
the  basis  of  the  idea  of  a  bactericidal  substance,  alexin 
(Buchner),  that  the  leucocytes  secreted.  Ehrlich  seems 
to  have  demonstrated  that  this  alexin  is  the  same  as 
the  immune  body  and  complement,  and  not  a  single  sub- 
stance that  by  itself  destroys  bacteria.  Aseptic  inflam- 
matory reactions  have  been  found  to  increase  both  the 
bacteriolytic  and  haemolytic  complement  of  the  blood, 
although  it  cannot  be  demonstrated  that  the  exuded  leu- 
cocytes are  rich  in  complement.  It  has  also  been  found 
that  the  complement  content  of  the  blood  in  disease  va- 
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ries  often  in  direct  ratio  to  tlie  amount  of  leucocytosis. 
Removal  of  the  spleen  does  not  prevent  either  the  pres- 
ence of  complement  or  the  formation  of  immune  bodies 
in  experimental  animals  (Levin).  Complement  is  pres- 
ent in  the  serum  of  cold-blooded  animals. 

Undoubtedly  there  is  more  than  one  sort  of  comple- 
ment, although  at  first  Ehrlich  thought  that  the  comple- 
ment was  one  and  the  same  for  all  cytolytic  processes. 
In  some  sera  saturation  of  all  the  complement  possible 
with  one  variety  of  amboceptor  still  leaves  the  serum 
containing  complement  that  can  dissolve  corpuscles 
when  the  proper  amboceptors  are  supplied.  Again,  se- 
rums have  been  found  to  possess  complements  with  vary- 
ing resistance  to  heat,  some  'being  indeed  quite  thermo- 
stable. In  one  serum,  for  example,  immunized  against 
a  mixture  of  swine,  sheep,  and  ox  blood,  Wendelstadt 
found  that  the  complement  for  swine  blood  was  more 
resistant  to  heat  than  that  for  ox  or  sheep  blood,  while 
the  latter  resisted  HCl  more.  Normal  hcrse  serum  was 
shown  by  Ehrlich  to  contain  two  complements;  one 
specific  for  rabbit  corpuscles,  the  other  for  guinea-pig 
corpuscles,  which  could  be  separated  by  filtering  through 
a  Pukall  filter,  as  the  guinea-pig  complement  alone 
passed  through.  This  variability  in  filtration  of  com- 
plement indicates  that  the  size  or  consistence  of  the 
molecules  is  not  dissimilar  to  that  of  the  enzymes,  which 
are  also  variously  held  back  by  filters.  Some  comple- 
ments have  been  found  to  diffuse  through  animal  mem- 
branes, while  others  do  not.  It  therefore  seems  that 
complement  is  not,  as  was  at  one  time  believed,  a  sin- 
gle, non-specific  substance,  but  complements  may  be  as 
numerous  and  as  various  as  the  intermediary  bodies. 
However,  one  thing  seems  proved,  namely,  that  the 
complement  is  not  developed  through  the  process  of  im- 
munization, but  is  a  constant  constituent  of  the  normal 
serum,  although  greatly  fluctuating  in  quantity.  In 
immune  serum,  as  a  rule,  the  amount  of  complement  is 
inadequate  to  saturate  the  immune  bodies  present.  As 
before  mentioned,  this  deficiency  may  be  met  by  adding 
serum  from  animals  not  immunized — serum  which  con- 
tains complement.  As  a  rule  the  normal  serum  should 
be  from  an  animal  of  the  same  species  as  the  immune 
animal,  but  it  is  a  remarkable  fact  that  a  proper  corn- 
plement  may  be  obtained  for  immune  serum  of  one  ani- 
mal from  an  animal  of  an  entirely  different  species.  For 
example,  serum  of  .a  dog  immunized  against  the  corpus- 
cles of  a  guinea-pig,  after  being  rendered  inactive  by 
having  its  complement  destroyed  by  heat,  may  be  again 
activated  by  addition  of  normal  guinea-pig  serum ;  that 
is,  the  guinea-pig  complement  will  unite  with  the  dog 
immune  body  as  well  as  will  the  complement  from  the 
dog.  .    . 

Another  important  fact  concernmg  the  varieties  and 
nature  of  complement  has  been  furnished  by  Kyes,  who 
demonstrated  that  red  corpuscles  may  contain  within 
themselves  intracellular  complements,  endocomplement. 
Of  equal  significance  is  the  related  observation  that  leci- 
thin will  act  as  a  complement  for  cobra  poison.  That  a 
definite  substance  of  known  chemical  composition  may- 
act  as  the  complement  is  an  important  step,  although 
lecithin  must  be  more  allied  to  thermostable  comple- 
ments than  to  thermolabile  complements,  which  are  the 
ones  seemingly  of  most  importance.  ,•  u  ■ 

There  are  two  groups  in  complement :  one  of  which  is 
united  to  the  immune  body,  therefore  a  haptophore 
group,  and  another  that  acts  upon  the  cell  to  which  it  is 
anchored,  and  called  the  zymotoxic  group.  This  latter  is 
analogous  to  the  toxophore  group  of  a  toxin.  As  a  mat- 
ter of  fact  a  complement  is  a  toxin  for  the  cell  it  may 
attack.  As  might  be  expected,  therefore,  just  as  tox- 
oids are  formed  by  degeneration  of  the  toxophore  group 
of  the  toxin,  so  also  complemenfoids  are  formed  by  the 
degeneration  of  the  zymotoxic  group  of  the  complement. 

As  before  mentioned,  the  aflBnity  between  complement 
and  intermediary  body  is  less  than  between  intermedi- 
ary body  and  cell  receptor,  therefore  the  latter  union 
occurs  first.  If  the  amount  of  intermediary  body  is 
largely  in  excess  of  the  amount  of  complement  the  ha;- 


molysis  is  greatly  interfered  with,  because  the  excessive 
intermediary  bodies  unite  with  the  complement ;  and  as 
the  cell  receptors  have  all  been  at  once  occupied  by  in- 
termediary bodies,  the  complement  cannot  become  at- 
tached to  the  cell,  since  intermediary  bodies  do  not  unite 
with  each  other.  This  blocking  off  is  referred  to  as 
deviation  of  the  complement. 

Regeneration  of  complement  after  it  has  been  ex- 
hausted takes  place  in  a  short  time.  In  rabbits  whose 
serum  was  deprived  of  complement  by  injecting  goat 
corpuscles  until  the  complement  had  all  been  absorbed 
by  them,  it  was  found  that  complete  regeneration  may 
take  place  in  from  two  to  four  hours. 

Although  the  complement  is  the  normal,  constantly 
present  constituent  of  the  blood  that  probably  protects 
the  body  against  bacteria  and  other  injurious  agents,  yet 
it  is  also  capable  of  being  harmful  to  the  cells  of  its  own 
creator.  Snake  venoms,  for  example,  seem  to  owe  their 
poisonous  properties  to  the  presence  of  large  numbers  of 
amboceptors  of  various  sorts,  and  therefore  to  produce 
their  violently  injurious  effects  they  require  the  action 
of  complement,  which  is  furnished  by  the  poisoned  in- 
dividual for  his  own  destruction.  It  is  probable  that 
there  are  other  conditions  in  which  the  complement  is 
an  agent  of  harm  rather  than  of  protection. 

The  amount  of  complement  in  the  serum  of  an  indi- 
vidual varies  in  health,  and  even  more  so  in  disease.  In 
phosphorus  poisoning  the  power  of  the  serum  of  the  rab- 
bit to  destroy  guinea-pig  corpuscles  is  lost,  because  the 
corresponding  complement  is  absent.  Longcope  claims 
that  complement  for  typhoid  and  colon  bacilli  is  de- 
creased in  many  chronic  diseases,  which  may  account  for 
terminal  septicsemia.  Alcoholism  is  also  said  to  reduce 
the  complement  of  the  blood  of  animals.  Undoubtedly 
the  fluctuation  of  complement  content  of  the  blood  is  an 
important  factor  in  determining  susceptibility  to  infec- 
tion. 

An  indication  of  how  purely  chemical  is  the  union  be- 
tween the  various  substances  implicated  in  haemolysis  is 
the  observation  by  Hektoen  that  ions  of  Ca,  Sr,  Ba,  and 
SO  4  combine  in  such  a  way  with  complement  that  it  is 
unable  to  unite  with  the  immune  body,  and  thus  they 
prevent  hsemolysis.  These  inorganic  substances  seem 
to  saturate  the  affinity  of  the  haptophore  group  of  the 
complement  in  the  same  way  that  amboceptors  do. 

Antihoemolysin. — Just  as  an  antitoxin  can  be  produced 
by  immunizing  cells  against  the  toxins  that  injure  them, 
so  by  immunizing  the  blood  corpuscles  against  hsemo- 
lytic  serum  an  antihsemolytic  serum  can  be  obtained.  If 
heated  serum  is  used  in  immunizing,  an  anti-immune 
body  is  obtained,  that  acts  by  combining  with  the  cyto- 
phile  group  of  the  intermediary  body  and  thus  prevent- 
ing the  intermediary  body  and  the  corpuscles  from  unit- 
ing. If  there  are  several  intermediary  bodies  in  the 
injected  serum,  antibodies  may  be  obtained  that  are  spe- 
cific for  each.  These  antibodies  seem  to  be  the  recep- 
tors of  the  red  cells  that  unite  with  the  intermediary 
body  in  producing  hsemolysis. 

By  immunizing  against  normal  serum,  whether  heated 
or  not,  anti-complement  is  obtained  which  also  is  specific. 
Ehrlich  has  shown  that  this  anti-complement  acts  by 
combining  with  the  haptophore  group,  thus  preventing 
the  complement  from  being  anchored  to  the  cell  by  the 
intermediary  body.  Such  anti-complement  does  not 
unite  at  all  with  the  intermediary  body,  which  remains 
in  a  condition  capable  of  taking  up  fresh  coniplement  if 
it  is  provided.  Again,  resembling  the  production  of  anti- 
toxin with  toxoids,  anti-complement  can  be  obtained 
hy  immunizing  with  complementoid. 

Not  only  can  anti-heterolysins  be  obtained,  but  also 
anli-isolysins,  if  serum  ha?molytic  for  blood  of  an  homol- 
ogous animal  be  used  in  immunizing.  Since  during  nor- 
mal conditions  of  life  red  corpuscles  are  continually  un- 
dergoing dissolution,  it  may  be  that  in  every  body  there 
really  develop  autolysins,  which  are  prevented  from 
causing  extensive  destruction  of  the  corpuscles  by  the 
production  of  anti-autolysin.  Besredka  seems  to  have 
demonstrated  the  presence  of  such  antibodies  in  normal 
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serum,  and  suggests  that  such  self-immunization  may  be 
an  important  process  in  protection  of  the  body.  In  this 
■connection  it  may  be  mentioned  that  there  seem  to  be 
antiferments  normally  present  in  the  blood  that  are  per- 
haps of  importance  in  preventing  self-digestion  of  the 
tissues  during  life  by  the  ferments  of  the  body  itself. 

Agglutination  in  Relation  to  Hcemolysis. — The  well- 
linown  agglutinating  reactions  of  bacteria  can  be  dupli- 
cated with  red  corpuscles.  As  with  bacterial  agglutinins 
the  agglutinin  seems  to  be,  in  Ehrlich's  terms,  a  unicep- 
tor ;  that  is,  it  has  but  one  group  with  affinity  for  other 
substances,  as  is  the  case  with  the  toxins.  Agglutinins 
for  corpuscles  are  found  to  varying  extent  in  normal 
serum,  as  well  as  in  serums  specifically  immunized 
against  the  corpuscles.  Heating  at  55°  C.  does  not  de- 
stroy the  agglutinin,  and  in  this  way  the  agglutination 
can  be  observed  independently  of  the  hajmolytic  proc- 
esses. Agglutination  also  occurs  at  temperatures  ap- 
proaching freezing,  when  hfemolysis  is  inhibited.  Ag- 
glutinated red  corpuscles  collect  in  rouleaux  and  clumps 
that  unite  with  considerable  tenacity,  so  that  ordinary 
shaking  will  not  break  them  up.  In  hemolytic  immune 
serum  this  agglutination  precedes  the  hEemolysis,  but  the 
two  processes  are  quite  unrelated.  Normal  serum  may 
■contain  agglutinins  and  not  be  at  all  hsemolytic,  and  the 
converse  is  also  true.  The  mechanism  of  agglutination 
is  not  understood,  but  it  is  suggested  that  some  chemical 
change  in  the  substance  of  the  corpuscle  renders  the  sur- 
face adhesive,  or  that  some  physical  change  in  surface 
tension  accounts  for  the  coaptation  and  adhesion  of  the 
corpuscles.  As  agglutination  occurs  in  corpuscles  that 
have  been  fixed  in  formalin  or  sublimate,  it  is  probably 
not  the  proteid  of  the  corpuscle  that  is  affected,  but  the 
other  ingredients  of  the  stroma,  of  which  lecithins  and 
cholesterin  seem  to  be  the  chief.  Flexner  and  Noguchi 
found  that  if  ricin,  an  agglutinator,  was  allowed  to  act 
for  two  or  more  hours  it  is  still  possible  then  to  produce 
haemolysis  by  serpent  venom,  but  the  stroma  remains  at 
the  bottom  as  a  white,  conglutinated  mass.  From  this 
it  appears  that  agglutination  brings  about  a  kind  of 
■coagulation  of  the  stroma. 

Agglutination  of  the  corpuscles  during  life  may  be  of 
some  pathological  importance,  for  such  masses  of  agglu- 
tinated corpuscles  could  readily  produce  capillary  throm- 
bi and  emboli,  which,  if  widespread,  might  create  much 
disturbance.  Many  bacteria  produce  substances  that 
are  agglutinative  for  human  red  corpuscles,  among  them 
being  typhoid,  pyocyaneus,  and  staphylococcus.  Flex- 
ner has  found  in  typhoid  fever  thrombi  that  seemed  to 
be  composed  of  agglutinated  red  corpuscles,  almost  free 
from  fibrin  and  leucocytes.  Probably  many  of  the  so- 
called  "  hyaline  thrombi  "  found  frequently  in  infec- 
tious diseases  are  really  composed  of  agglutinated,  partly 
hajrnolyzed  red  corpuscles.  Pearce  has  found  that  ag- 
glutinative serum  when  injected  into  dogs  causes  wide- 
spread necrosis  of  the  liver. 

Agglutination  is  also  produced  by  certain  vegetable 
poisons,  including  ricin,  abrin,  and  crotin,  and  these 
have  been  found  to  produce  thrombi  of  agglutinated  red 
corpuscles.  Of  these  substances  ricin  alone,  although 
strongly  agglutinative,  has  no  ha^molytic  action,  show- 
ing the  independence  of  the  two  processes.  Snake 
venom,  like  most  hemolytic  substances,  produces  marked 
agglutination,  and  here  also  the  agglutinin  is  distinct 
from  the  hfemolysin. 

(3)  H.1!;molysis  by  Bacteria. 

Both  pathogenic  and  non-pathogenic  bacteria  pro- 
duce hsemolytic  substances  that  are  excreted  into  the 
fluids  in  which  they  grow.  During  many  infectious  dis- 
eases marked  haemolysis  occurs,  especially  in  those  with 
septicemia.  After  death  the  hasmoglobin  of  the  blood 
goes  into  solution,  and  the  resulting  staining  of  the 
walls  of  the  blood-vessels,  and  later  of  the  tissues  every- 
where, is  generally  familiar.  In  the  post-mortem  hjp- 
molysis  probably  the  putrefacti-.e  organisms  are  chiefly 
concerned,  although  it  is  marked  a  very  short  time  after 
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death  in  many  cases  of  septicseniia,  particularly  when 
the  infecting  organism  is  the  streptococcus,  and  here 
probably  the  pathogenic  organism  is  the  chief  cause  of 
the  haemolysis.  The  hsemolytic  action  of  bacteria  can 
be  studied  both  in  vitro  and  in  vivo.  Among  the  best 
known  are  tetanolysin,  pyocyanolysin,  typholysin,  staphy- 
lolysin,  and  streptocolysin,  as  they  have  been  termed. 
Of  these  the  case  of  pyocyanolysin  is  questionable  be- 
cause it  has  been  described  as  resisting  heat  over  the 
boiling  point,  and  Jordan  seems  to  have  proved  that  the 
ha?molysis  is  ascribable  to  the  alkalinity  that  this  or- 
ganism produces  in  culture  media.  Other  bacterial 
ha-molysins  are,  however,  destroyed  by  heat  at  70°  C. 
for  two  hours;  that  is,  they  are  altogether  difi'erent 
from  ordinary  cellular  haemolysins.  G.  Ruediger  shows 
the  following  differences  between  streptocolysin  and  the 
hsemolysins  of  serum:  Streptocolysin  is  not  destroyed 
at  65°  C.  for  one-half  hour,  and  therefore  is  different 
from  complement.  When  destroyed  by  heating  to  a 
higher  point  it  cannot  be  reactivated  by  the  addition  of 
complement,  thus  differing  from  intermediary  body. 
It  is  also  different  from  intermediary  body  in  that  it 
does  not  combine  with  corpuscles  at  0°  C. ;  on  the  other 
hand  it  does  combine  at  6°  C,  but  does  not  exert  any 
hsemolytic  effect  until  the  mixture  is  raised  to  a  higher 
temperature.  This  last  observation  indicates  that  the 
streptocolysin  is  similar  in  nature  to  the  toxins,  which 
exhibit  the  same  phenomena.  Other  observations  in- 
dicate that  its  structure  is  the  same  as  the  toxins, 
namely,  a  toxophore  group  and  a  haptophore  group.  In 
other  words,  streptocolysin  is  simply  a  toxin  for  red 
cells,  which  acts  like  bacterial  toxins  for  other  cells  by 
joining  directly  to  the  cell  receptors  without  the  inter- 
vention of  any  intermediary  body.  As  a  similar  struct- 
ure has  been  shown  for  staphylolysin  and  tetanolysin, 
it  is  probable  that  the  bacterial  hsemolysins  are  all  mere- 
ly toxins  with  a  particular  affinity  for  red  cells. 

Secondary  anaemia  of  the  infectious  diseases  is  prob- 
ably to  be  explained  largely  by  this  haemolytic  property 
of  bacterial  toxins.  Hsemoglobinuria  also  may  be  pro- 
duced in  the  same  way.  Intravenous  injections  of  fil- 
trates of  the  saphrophyte,  B.  megatherium,  will  produce 
haemoglobinuria  in  guinea-pigs. 

(4)  HEMOLYSIS  BY  Vegetable  Poisons. 

A  number  of  plant  poisons  are  strongly  haemolytic,  and 
some  of  them  owe  their  toxicity  largely  to  their  effect 
on  the  erythrocytes.  One  group,  which  includes  ricin, 
abrin,  crotin,  robin,  and  phallin,  is  composed  of  sub- 
stances supposed  to  be  proteids,  and  called  vegetable 
toxalbumins;  of  these  crotin  and  phallin  are  most  ac- 
tively haemolytic,  while  with  the  others  the  agglutinat- 
ing action  is  relatively  more  prominent.  They  resem- 
ble the  bacterial  toxins  in  that  immunity  can  be  secured 
against  them,  but  they  resist  heating  to  70°  (except 
phallin).  The  activity  of  these  toxalbumins  may  be 
realized  if  it  is  mentioned  that  purified  ricin  kills  rab- 
bits in  doses  of  0.000001  gm.  per  kilo  of  body  weight, 
and  solutions  of  0.001  per  cent,  agglutinate  red  corpus- 
cles. According  to  the  investigations  of  Ford  and  Abel 
the  ha;molytic  poison  of  the  poisonous  mushrooms,  the 
phallin  of  Kobert,  is  not  a  toxalbumin  but  a  glucoside. 
Another  quite  distinct  group  of  vegetable  poisons  with 
haemolytic  properties  consist  of  the  saponin  substances, 
of  which  there  are  many  varieties  widely  distributed  in 
the  vegetable  kingdom.  Sapotoxin  of  soap  bark  is  one 
of  the  best  known.  They  are  entirely  different  from  the 
toxins,  being  heat  resistant  and  not  giving  rise  to  anti- 
bodies when  injected ;  chemically  they  are  glucosides. 
Apparently  they  produce  their  effect  by  acting  on  the 
lipoids,  especially  the  cholesterin,  of  the  corpuscles. 

(5)  H.F,MOLYSis  BY  Venoms. 

The  ha;molytic  power  of  venom  derived  from  differ- 
ent varieties  of  reptiles  has  through  recent  studies  been 
brought   into   the   domain  of   biologic   haemolysis,   and 
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the  result  has  been  not  only  an  understanding  of  the 
mechanism  by  which  the  lethal  effect  of  these  poisons 
is  produced,  but  also  perhaps  the  strongest  support  of 
the  principles  of  Ehrlich's  theory  yet  offered  from  out- 
side sources.  At  the  same  time  a  new,  easily  controlled 
medium  for  research  in  problems  of  immunity  has  been 
provided.  Thei  most  fundamentally  important  fact  is 
the  discovery  by  Flexner  and  Noguchi  that  the  hsemo- 
lytic  and  other  toxic  agents  of  venom  are  themselves 
true  intermediary  bodies.  By  itself  venom  is  not  htemo- 
lytic,  but  it  requires  the  presence  of  complement  to  en- 
able to  it  produce  haemolysis,  and  as  the  venom  contains 
Tio  complement,  this  necessary  part  of  the  poison  is  fur- 
nished by  the  serum  that  contains  the  corpuscles.  This 
is  indeed  a  remarkable  fact,  that  the  active  part  of  the 
serpent's  poison  is  furnished  by  the  victim  itself,  and 
particularly  so  in  view  of  the  position  that  serum  com- 
plement usually  assumes  as  a  protector  against  bacteria. 
The  existence  of  a  widespread  power  against  various 
animals  implies  that  these  venom  intermediary  bodies 
are  capable  of  uniting  with  the  complement  of  sera  of 
varied  animals,  are  heterocomplementophilic,  in  the  lan- 
guage of  Ehrlich's  theory,  and  experiment  shows  this 
"to  be  true.  The  probable  source  of  these  intermediary 
bodies  is  apparently  in  the  serum  of  the  serpents,  as  if 
they  were  secreted  directly  from  the  blood  into  the 
poison  glands,  for  serum  of  poisonous  snakes  is  found  to 
possess  intermediary  bodies  almost  identical  with  those 
•of  the  venom.  The  only  difference  is  that  while  venom 
intermediary  body  combines  with  complement  of  nearly 
all  serums,  the  serum  immune  body  combines  almost 
only  with  the  complement  of  the  serpent's  serum  itself 
(isocomplementopMUc) .  Venom  from  cobra,  rattle- 
snake, moccasin,  and  copperhead  possesses  in  each  in- 
termediary bodies  that  seem  to  be  identical  in  nature, 
although  they  may  vary  in  quantity.  This  explains  the 
rather  remarkable  fact  that  serum  of  animals  immunized 
against  cobra  poison,  generally  called  antirenin,  will 
neutralize  the  hccmolytic  and  many  of  the  other  prop- 
erties of  the  venom  of  rattlesnake,  copperhead,  and 
moccasin.  Antivenin  acts  as  an  anti-intermediary 
body,  and  by  occupying  one  of  the  haptophore  groups 
of  the  venom  keeps  it  from  uniting  complement  and 
cell.  In  order  of  decreasing  hemolytic  power  for  mam- 
malian corpuscles  come  venoms  from  cobra,  water  moc- 
casin, copperhead,  and  rattlesnake.  These  venoms  are 
also  agglutinative  for  all  corpuscles  tried,  and  aggluti- 
nation will  occur  at  0°  C.  Exposure  for  thirty  minutes 
a,t  75°-80°  C.  destroys  the  agglutinative  property.  In 
general,  the  hfemolytic  power  of  the  venoms  for  differ- 
ent sorts  of  corpuscles  varies  in  inverse  proportion  to 
its  agglutinative  power.  The  hEcmolytic  intermediary 
bodies  are  remarkably  resistant  to  heat,  suffering  but 
slight  loss  of  power  at  100°  C.  Each  venom  contains 
many  intermediary  bodies,  seemingly  different  for  each 
sort  of  corpuscle  hsemolyzed,  at  least  to  a  great  part ;  no 
one  sort  of  corpuscle  can  so  saturate  all  the  intermedi- 
ary bodies  that  none  is  left  for  other  kinds.  After  the 
intermediary  body  is  attached  to  a  corpuscle  it  can 
unite  with  many  different  sorts  of  complements,  but 
only  the  one  natural  to  its  serum  accomplishes  complete 
haemolysis.  Leucocytes  also  are  dissolved,  and  they 
seem  to  have  specific  intermediary  bodies  different  from 
those  that  unite  with  red  corpuscles,  but  the  agglutinin 
for  each  seems  to  be  the  same.  As  the  venom  contains 
large  amounts  of  intermediary  bodies,  when  an  animal 
is  poisoned  by  a  snake  the  complement  is  quickly  taken 
up,  and  this  probably  explains  the  deficient  bactericidal 
power  of  blood  serumin  this  condition  that  permits  the 
extensive  infections  so  characteristic  of  snake  bites. 
Antivenin  will  prevent  this  interference  with  normal 
bacteriolysis  by  occupying  one  of  the  groups  of  the  in- 
termediary bodies  of  the  \'enom  so  that  it  cannot  use  up 
the  serum  complement. 

The  highly  haemolytic  cobra  venom  can  combine  with 
complements  contained  within  the  red  corpuscles,  endo- 
complement,  and  so  produce  haemolysis  in  the  a,bsence  of 
serum  complement.     Kyes  has  shown  that  lecithin  may 


be  the  constituent  of  the  red  corpuscles  that  acts  as  the 
complement. 

In  passing  it  may  be  noted  that  the  effects  of  venom 
on  nerve  and  endothelial  cells,  which  with  the  haemolysis 
constitute  the  manifestations  of  its  toxicity,  are  pro- 
duced in  the  same  way  as  the  haemolysis.  Amboceptors 
are  present  that  unite  complement  to  these  cells,  ena- 
bling it  to  attack  them.  As  certain  venoms  are  richer  in 
one  sort  of  intermediary  body  than  others,  so  the  effects 
of  the  bite  of  one  kind  of  snake  differ  from  thoee  of  an- 
other kind,  e.g.,  rattlesnake  poison  is  particularly  endo- 
theliolytic,  and  therefore  hemorrhages  are  a  prominent 
sequence  of  the  rattlesnake's  bite. 

Red  corpuscles  of  the  frog  are  not  haemolyzed  by 
venom,  and  those  of  necturus  (mud  puppy)  but  slightly, 
agreeing  with  the  known  resistance  of  cold-blooded  ani- 
mals to  snake  bites. 

Eel  serum  is  remarkably  haemolytic,  so  much  so  that 
a  quantity  of  0.1  c.c.  per  kilogram  of  body  weight  will 
kill  a  rabbit  or  guinea-pig  in  three  minutes  when  in- 
jected intravenously.  Heating  at  54°  C.  for  fifteen  min- 
utes destroys  the  haemolytic  action,  and,  unlike  ordi- 
nary serum  htemolysins,  the  addition  of  complement  does 
not  restore  its  activity.  Animals  can  be  immunized 
against  this  serum.  Introduced  into  the  stomach,  eel 
serum  is  not  toxic.  It  can  be  dried  and  redissolved 
without  losing  its  activity,  but  acids  and  alkalies  read- 
ily destroy  it.  Mosso,  who  first  discovered  the  toxicity 
of  eel  serum,  called  the  unknown  active  principle  ich- 
thyo  toxin. 

HEMOLYSIS  IN  Disease. — During  health  there  is  al- 
ways going  on  a  certain  amount  of  destruction  of  red 
corpuscles  that  have  outlived  their  usefulness ;  so  in 
disease  we  may  have  to  deal  with  either  an  alteration 
in  the  normal  processes  of  blood  destruction,  or  the 
introduction  of  entirely  new  processes.  Although  the 
place  and  manner  of  normal  red-corpuscle  destruction 
is  not  completely  known,  yet  it  seems  probable  that 
there  is  relatively  little  haemolysis  within  the  circulating 
blood.  When  a  red  corpuscle  becomes  damaged  it 
seems  to  become  more  susceptible  to  phagocytosis,  and 
it  is  picked  out  of  the  blood  chiefly  by  the  endothelial 
cells  of  the  sinuses  of  the  spleen,  haemolymph  glands, 
and  bone  marrow.  Within  these  cells  it  apparently  un- 
dergoes haemolysis.  Eventually  the  resulting  pigment 
is  split  up  by  the  liver,  the  non-ferruginous  portion  form- 
ing the  bile  pigments,  while  the  iron  seems  to  be  mostly 
withheld  to  he  worked  over  into  new  haemoglobin. 
Whenever  during  disease  red  corpuscles  are  more  rapid- 
ly injured  than  they  are  under  normal  conditions,  these 
processes  of  normal  ha?molysis  are  exaggerated  and  we 
not  only  find  the  phagocytic  cells  of  the  spleen  and 
glands  packed  with  them,  but  endothelial  cells  elsewhere 
and  leucocytes  also  take  on  the  ha'molytic  function.  At 
the  same  time  there  is  an  excessive  production  of  bile 
pigment  from  the  destroyed  red  corpuscles,  which  has 
an  undetermined  relation  to  the  so-called  "  hfemato- 
hepatogenous  "  jaundice.  If  haemolysis  is  very  exces- 
sive the  blood  pigment  accumulates  in  other  organs  than 
the  liver  and  spleen.  When  at  one  time  over  one-six- 
tieth part  of  the  haemoglobin  of  the  blood  is  in  solution 
in  the  plasma,  it  may  escape  in  the  urine,  producing 
haemoglobinuria. 

The  hasmolysis  of  the  acute  febrile  diseases  is  readily 
explained  by  the  demonstrable  hemolytic  property  of 
the  products  of  the  organisms  that  cause  them,  such  as 
streptocolysin,  staphylolysin,  etc.  Perhaps  at  the  same 
time  altered  metaboUc  products  may  also  play  a  part, 
but  it  does  not  seem  probable  from  experimental  results 
that  the  thermic  condition  per  se  has  much  effect.  In 
malaria,  although  the  parasites  enter  and  destroy  the 
corpuscles  in  which  they  live,  yet  this  alone  does  not  ac- 
count for  all  the  blood  destruction  of  the  disease,  for  the 
amount  of  anaemia  is  quite  without  relation  to  the  num- 
ber of  parasites  to  be  found.  There  is  good  reason 
believe  that  the  Plasmodia  produce  haemolytic  sub- 
stances that  are  discharged  into  the  serum.  In  the  pri- 
mary ansemias  haemolysis  seems  to  be  the  essential  proc- 

537 


Haemolysis. 
Haemolysis. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


ess,  although  the  agents  involved  are  at  present  un- 
known. Absorption  of  hajmolytic  products  of  intes- 
tinal putrefaction  or  infection  has  always  come  in  for 
much  suspicion,  without  ever  becoming  completely  es- 
tablished. Here  also  the  hasmolysis  seems  to  take  place 
in  the  endothelial  cells  rather  than  in  the  vessels.  In 
such  a  disease  as  pernicious  anaemia  there  is  much  rea- 
son to  assume  that  defective  or  abnormal  ha-matogene- 
sis  is  an  important  factor.  Probably  the  ansemia  of 
nephrids  is  the  result  of  hemolytic  action  of  the  retained 
products  of  metabolism,  in  which  connection  the  haimo- 
lytic  properties  of  ammonium  compounds  may  be  re- 
called. In  some  diseases  associated  with  anaemia  it  has 
been  found  that  the  blood  serum  of  the  patient  is  dis- 
tinctly isohiemolytic,  although  isoagglutination  seems 
to  be  more  frequent.  Such  sera,  however,  do  not  seem 
to  be  autohaemolytic,  at  least  in  the  test  tube.  The 
bloody  fluids  that  can  be  obtained  from  cancers  have 
been  found  to  be  htemolytic,  while  antihtemolysin  has 
been  found  in  ascitic  and  pleural  effusions.  Autolyzing 
tissues  produce  hjemolytic  substances. 

In  many  forms  of  poisoning  haemolysis  is  a  prominent 
feature;  in  some  it  seems  to  be  the  chief  effect  of  the 
poison,  e.g.,  potassium  chlorate  and  arseniuretted  hydro- 
gen. In  severe  extensive  burns  there  may  occur  hae- 
molysis, and  haemoglobinuria  may  also  result.  The  re- 
markable "  paroxysmal  haemoglobinuria  "  is  at  present 
without  satisfactory  explanation  as  to  the  cause  of  the 
haemolysis.  The  hajmoglobinaemia  of  "  blackwater 
fever  "  has  been  the  cause  of  much  discussion  as  to 
whether  the  malarial  parasite  or  the  quinine  is  the  cause, 
with  a  divided  opinion  resulting,  although  undoubtedly 
cases  do  occur  in  malaria  without  administration  of 
quinine.  After  removal  of  the  spleen  haemolysis  by  the 
hsemolymph  glands  exceeds  that  of  the  primitive  spleen, 
causing  an  excessive  destruction  of  red  corpuscles 
(Warthin).  This  suggests  that  the  spleen  may  normally 
dispose  of  some  haemolytic  agent  which  acts  either  by 
stimulating  phagocytosis  or  by  so  altering  the  red  cells 
that  they  are  particularly  susceptible  to  phagocytosis. 

The  lesions  produced  in  the  organs  of  animals  injected 
with  haemolytic  agents  are  usually  pronounced  and  quite 
characteristic.  There  is  often  a  subcutaneous  oedema, 
frequently  blood-stained,  and  similar  fluid  may  be  pres- 
ent in  the  serous  cavities.  The  fat  is  yellowish,  and  the 
muscles  are  darker  in  color  than  is  normal.  The  spleen 
is  usually  much  swollen,  soft,  friable,  and  very  dark  in 
color.  The  liver  is  usually  swollen  and  mottled  with 
red  areas  in  a  yellow  background.  The  renal  cortex  is 
dark  in  color,  even  chocolate-colored,  and  the  pyramids 
are  comparatively  light ;  in  the  urine  is  frequently  haemo- 
globin. In  the  lungs  are  often  hemorrhages  or  areas 
resembling  small  infarcts.  The  blood  may  be  thin  and 
evert  distinctly  transparent.  Microscopically  the  red 
corpuscles  are  found  in  all  conditions  of  degeneration, 
and  often  fused  together.  In  the  liver,  besides  patches 
of  congestion,  fatty  changes  are  present  if  the  animal 
lives  long  enough.  Large  phagocytic  cells  packed  with 
red  corpuscles  are  abundant  in  the  spleen,  as  well  as  dif- 
fuse accumulations  of  blood,  often  fused,  and  pigment 
both  free  and  in  the  cells.  Pigment  also  accumulates  in 
the  renal  epithelium,  which  also  often  shows  much  dis- 
integration; congestion  is  prominent  and  hemorrhages 
into  both  interstitial  tissue  and  glomerules  are  frequent. 

Bacteriolysis. — It  is  not  our  purpose  in  this  article 
to  discuss  the  specific  mirco-organisms  in  this  relation, 
but  merely  to  indicate  the  relations  of  hemolysis  and 
bacteriolysis.  Whatever  has  been  said  in  preceding 
paragraphs  about  the  mechanism  of  haemolysis  can  be 
transcribed  to  apply  to  bacteria  and  bacteria-immune 
serum.  Pfeiffer's  observation  of  the  solution  of  bacteria 
by  serum  of  immunized  animals  was  the  precursor  of  the 
modern  studies  of  haemolysis  and  the  extension  of  Ehr- 
lich's  theory.  Indeed  the  chief  reason  for  the  great  in- 
terest in  haemolysis  lies  in  the  understanding  that  what- 
ever may  be  learned  about  hemolytic  processes  can  be 
directly  applied  to  the  processes  of  immunity  against 
bacteria.     Therefore  we  understand  that  in  the  serum  of 
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an  animal  immunized  against  bacteria  themselves,  and 
not  merely  their  toxins,  there  is  present  an  intermediary 
body  that  is  specific  for  the  injected  organism.  This 
intermediary  body  attaches  itself  to  the  bacteriura  by 
one  haptophore  group,  and  with  the  other  anchors  the 
complement  of  the  serum  which  then  destroys  the  bac- 
terium. Now  as  during  immunization  only  intermedi- 
ary bodies  are  produced  in  excess,  while  the  complement 
is  not  increased,  it  often  may  be  that  defence  may  fail 
because  of  deficiency  in  the  amount  of  complement. 
This  possibly  explains  why  it  has  so  far  been  impossible 
to  secure  immune  sera  that  will  protect  against  bacteria 
as  effectively  as  antitoxin  protects  against  toxin,  for 
with  toxin  no  complement  is  required.  The  results  of 
decreased  complement  cofttent  would  be  an  increased 
susceptibility  to  infection,  and  this  is  seen  in  snake  bites, 
when  the  venom  uses  up  the  blood  complement  and  the 
patient  often  succumbs  to  bacterial  infection  after  sur- 
viving the  direct  effects  of  the  poison.  In  chronic  dis- 
eases Longcope  claims  that  in  the  later  stages  the  amount 
of  complement  is  much  decreased,  probably  accounting 
for  the  occurrence  of  terminal  septicaemias. 

It  is  probable  that  haemolytic  complement  is  quite  dis- 
tinct from  that  causing  bacteriolysis,  and  that  comple- 
ments for  different  bacteria  can  be  separated  from  one 
another  as  well  as  from  the  agglutinins. 

Welch  has  suggested  that  possibly  the  bacteria  in 
their  turn  may  develop  antibodies  to  the  tissues  and 
fluids  in  which  they  are  growing.  If  so,  we  have  a  rea- 
sonable explanation  of  the  development  of  toxic  sub- 
stances with  marked  action  on  specific  cells  of  the  host, 
e.g.,  endotheliolysins,  leucolysins,  haemolysins ;  and  also 
the  peculiar  manner  in  which  bacteria  often  attack  only 
certain  tissues,  e.g.,  multiple  septic  arthritis. 

Cytolysis. — Red  corpuscles  being  merely  a  particular 
sort  of  body  cell  it  might  be  expected  that  lysins  for 
other  cells  could  be  obtained  in  a  similar  manner,  and 
such  is  the  case.  Such  lysins  are  called  by  the  generic 
term  cytolysins,  or  cytotoxins,  and  are  specifically  indi- 
cated by  the  name  of  the  cell  concerned,  as  endothelio- 
toxins  or  endotheliolysins,  hepatotoxins,  nephrctoxins, 
etc.  The  lysins  or  toxins  in  this  case  are  similar  in  com- 
position to  the  haemolysins,  that  is,  an  amboceptor  and 
a  complement  group,  and  these  groups  are  in  adl  respects 
similar  to  the  components  of  the  haemolysins  except  that 
the  cytophile  group  of  the  amboceptor  is  more  or  less 
specific  for  certain  tissue  cells  rather  than  for  red  cor- 
puscles. Such  cellular  toxins  may  be  obtained  by  im- 
munizing the  animals  against  the  tissue  which  is  in- 
jected emulsionized  into  its  peritoneal  cavity;  but,  as 
with  the  haemolysins,  they  may  occasionally  appear  in 
normal  serums  of  various  sorts  of  animals.  It  is  by  no 
means  as  easy  to  determine  the  results  with  tissue  cells 
as  with  red  corpuscles,  where  the  liberation  of  the  high- 
ly colored  haemoglobin  is  easily  detected.  To  some  de- 
gree lytic  changes  can  be  observed  in  tissue  cells  under 
the  microscope,  but  this  is  not  usually  very  satisfactory. 
Another  method  of  observation  consists  in  injecting  the 
immune  serum  into  the  body  of  an  animal,  and  studying 
both  the  symptoms  and  the  anatomic  changes  brought 
about  in  this  way.  The  latter  method  has  found  the 
most  general  application.  A  disturbing  element  in  all 
such  experiments  lies  in  the  difficulty  of  securing  tissue 
cells  of  one  kind  alone  for  injecting.  For  example, 
when  hepatic-tissue  suspensions  are  injected  there  are 
introduced  at  the  same  time  endothelial  cells,  connec- 
tive-tissue cells,  and  usually  red  corpuscles  and  leuco- 
cytes. Therefore  an  immune  serum  obtained  in  this 
way  would  contain  immune  bodies  for  all  these  cells, 
and  it  becomes  impossible  to  ascribe  any  changes  that 
follow  its  injection  into  an  animal  solely  to  effects  of  the 
hepatotoxins.  A\'hile  there  are  possible  ways  of  avoid- 
ing many  of  these  difficulties  they  have  not  been  gener- 
ally applied,  and  much  of  the  earlier  work  is  very  ques- 
tionable on  this  account.  At  the  same  time  that 
cytolysins  are  formed  agglutinins  also  appear,  and  agglu- 
tination of  cells  occurs  as  it  does  with  bacteria  and  cor- 
puscles.    One  of  the  earliest  pieces  of  work  in  this  di- 
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Tection  was  with  sperm  agglutinins,  obtained  by  immu- 
nizing with  sperm.  Such  serum,  however,  was  not 
spermolytic. 

It  was  at  first  believed  that  it  would  be  possible  to 
obtain  immune  serum  so  specific  for  a  given  organ  or 
tissue  that  by  injection  of  the  proper  immune  serum  a 
given  organ  could  be  thrown  entirely  out  of  function, 
but  these  ideas  have  not  been  realized,  for  immune 
serums  as  yet  obtained  do  not  show  any  high  degree 
of  specificity  for  the  type  of  cells  used  in  immuniz- 
ing. The  immune  serums  usually  obtained  do,  to  a 
■certain  extent,  injure  the  specific  organ,  but  they  also 
often  injure  other  organs  as  much  or  perhaps  even  more. 
Beebe  claims  to  secure  more  specific  sera  by  immuniz- 
ing with  the  nucleo-proteids  of  organs,  but  at  the  time 
of  writing,  this  work  has  not  been  satisfactorily  corrobo- 
rated, Pearce  and  Jackson  being  unable  to  confirm  it. 
In  view  of  the  elementary  condition  of  cytolytic  inves- 
tigations, and  the  afore-mentioned  sources  of  error  in 
much  of  the  work  that  has  already  been  reported,  I  do 
not  feel  justified  in  this  article  in  more  than  briefly  dis- 
cussing the  specific  results  so  far  obtained.  It  should 
also  be  mentioned  that  recently  some  investigators  who 
have  used  care  in  avoiding  haemolysins,  etc.,  in  prepar- 
ing specific  sera  have  not  been  able  to  obtain  as  marked 
results  as  had  been  earlier  reported. 

Leucocytolytic  Serum. — This  may  be  obtained  either 
by  immunizing  with  leucocytes  obtained  from  exudates 
or  from  the  blood,  or  by  using  emulsions  of  lymph  glands. 
The  latter  method  introduces  so  many  cells  besides  the 
lymphocytes  that  it  is  not  desirable.  Specific  leucocyto- 
lytic sera  agglutinate  leucocytes  and  produce  observable 
morphologic  changes,  in  the  way  of  solution  of  the  cyto- 
plasm and  cessation  of  amoeboid  movements.  Of  the 
leucocytes  the  large  granular  cells  seem  most  affected 
and  the  lymphocytes  least.  When  injected  into  the 
peritoneal  cavity  such  serum  causes  an  apparent  initial 
leucopenia,  and  later  a  decided  leucocytosis  in  the  peri- 
toneal fluid.  Corresponding  with  this,  if  bacteria  are 
injected  at  the  same  time  as  the  serum,  resistance  is 
found  decreased,  but  later  it  is  much  increased.  Such 
serum  also  contains  anticomplement,  according  to  Was- 
sermann,  indicating  that  the  injected  leucocytes  contain 
complement.  Leucotoxin  obtained  by  immunizing 
against  lymphatic  tissue  is  very  thermolabile,  being  de- 
stroyed by  55°  C.  for  thirty  minutes,  and  the  serum  can 
be  only  partially  reactivated  by  the  use  of  fresh  serum. 
Undoubtedly  leucotoxic  amboceptors  are  present  in 
many  normal  sera,  and  their  presence  in  the  serum  of 
certain  cold-blooded  animals  and  in  venom  has  already 
been  shown. 

Endotheliolytic  Serum.— 'Every  attempt  at  immuniz- 
ing an  animal  with  any  sort  of  fixed  tissue  must  of  ne- 
cessity involve  the  injection  of  endothelial  cells  as  well 
as  those  specific  to  the  tissue  studied.  Therefore  it  is 
possible  that  cytotoxic  serum  so  obtained  will  contain 
endothelial  toxins  and  so  complicate  any  results  of  intra 
litam  experiments.  There  is  every  reason  to  believe 
that  endotheliolytic  substances  are  produced  m  this  way. 
Ricketts  found  that  serum  of  animals  immunized  against 
lymph  glands  was  toxic  to  endothelial  cells,  which  was 
indicated  by  hemorrhages  at  the  point  of  injection,  and 
marked  desquamation  of  endothelium  when  the  injec- 
tion was  made  into  a  serous  cavity.  In  snake  poisoning 
the  extensive  hemorrhages  are  also  due  to  an  endothe- 
liolytic principle,  called  by  Flexner  hcemorrhagm.  This 
is  destroyed  by  heating  at  75°  C,  and  is  particularly 
abundant ;    in  fact,  the  chief  toxic  agent  m  rattlesnake 

venom.  .    j-  j 

Lymphatolytic  Serum. — This  serum  has  been  studied 
recently  by  Ricketts  and  by  Flexner,  immunizing  ani- 
mals with  lymph  glands.  As  might  be  expected  from 
the  nature  of  the  injected  glands  the  resulting  serum 
contained  endotheliotoxin,  leucotoxin,  ha'molysm,  hse- 
maglutinin,  leuco-agglutinin,  and  precipitins.  When  in- 
jected into  animals  this  serum  had  a  marked  effect  upon 
the  spleen  and  lymph  glands,  producing  great  enlarge- 
ment of  these  structures,  which  were  also  congested. 


The  bone  marrow  was  also  somewhat  affected,  and  when 
marrow  was  used  in  immunizing,  the  myelotoxic  serum 
produced  marked  proliferative  changes  in  the  lymph 
glands  as  well  as  in  the  marrow.  The  changes  produced 
in  the  leucocytes  were  the  same  as  those  described  for 
leucotoxic  serum,  indicating  that  the  different  forms  of 
leucocytes  can  combine  with  immune  bodies  produced 
against  lymphocytes.  Leucotoxic  substances  are  said 
to  be  produced  in  the  blood  of  leukemic  patients  who 
have  been  treated  with  x-rays  (Capps  and  Smith). 

Nephrolyiic  Serum. — It  has  been  claimed  that  if  a 
kidney  is  destroyed  by  ligating  its  vessels  or  ureter  the 
remaining  kidney  develops  serious  degenerative  changes, 
which  are  not  present  if  one  kidney  is  entirely  removed. 
This  has  been  attributed  to  the  development  of  nephro- 
toxic substances  produced  in  reaction  to  the  absorption 
of  the  injured  renal  tissue  that  has  been  left  in  the  body. 
Other  methods  of  renal  injury  have  been  thought  to 
produce  similar  effects,  and  serum  of  animals  with  kid- 
ney disease  was  said  to  injure  the  kidneys  of  normal 
animals.  From  this  basis  it  has  been  thought  to  ex- 
plain the  progressive  nature  of  the  chronic  nephritides 
as  the  result  of  nephrotoxins  produced  through  the  ab- 
sorption of  the  injured  cells,  and  which  nephrotoxins 
injure  still  other  cells.  Such  a  process,  however,  in- 
volves the  production  of  cell  toxins  in  an  animal  toxic 
for  its  own  cells,  that  is  autocytotoxins;  and  as  it  has  so 
far  been  practically  impossible  to  produce  autolysins  of 
other  sorts,  it  is  not  altogether  probable  that  the  kidney 
is  an  exception.  Furthermore,  Pearce  was  unable  to 
produce  isonephrotoxins,  and  could  not  corroborate  the 
results  said  to  have  been  found  in  the  remaining  kidney 
after  ligating  the  vessels  of  the  other.  He  did  obtain 
an  active  heteronephrolysin,  but  also  found  that  immu- 
nization with  liver  produced  just  as  actively  nephrolytic 
serum  as  immunization  with  kidney. 

Neurolytic  Serum. — Even  so  highly  specialized  cells 
as  those  of  the  nervous  tissue  seem  to  produce  a  reaction 
with  the  formation  of  immune  bodies.  Perhaps  because 
any  symptoms  produced  by  action  on  the  nervous  sys- 
tem are  so  readily  detected,  and  because  of  the  advanced 
condition  of  our  knowledge  concerning  the  minute  struct- 
ure of  ganglion  cells,  the  results  obtained  with  neuro- 
lytic serum  have  been  particularly  striking.  Perhaps 
the  most  positive  results  are  those  of  Ricketts  and  Roth- 
stein,  who  found  that  serum  of  rabbits  immunized 
against  the  brains  or  cords  of  guinea-pigs  was  highly  toxic, 
when  injected  into  the  vessels  of  guinea-pigs,  causing 
death  with  various  symptoms  only  explainable  on  the 
assumption  of  nervous  lesions.  Microscopically  the 
ganglion  cells  showed  marked  changes  in  those  animals 
that  survived  the  injection  long  enough.  All  the  results 
so  far  obtained  have  been  with  heterogeneous  serum. 
Venoms,  particularly  that  of  cobra,  possess  strong  neu- 
rolytic substances,  that  are  the  chief  toxic  agents  in 
most  of  the  venoms  (the  rattlesnake  excepted).  This 
neurolysin  can  be  removed  by  saturation  with  nervous 
tissue  from  the  hsemolysin,  and  conversely  the  hsemoly- 
sin  can  be  removed  by  saturating  with  red  corpuscles, 
thus  corroborating  Wassermann's  experiments  with  tet- 
anus toxin  and  supporting  Ehrlich's  theory. 

Thyrolytic  Serum. — The  report  of  Portis  indicates  that 
after  removal  of  all  haemolysis  as  a  factor  there  do  occur 
changes  in  the  nature  of  excessive  absorption  of  colloid, 
and  proliferation  after  the  order  of  that  seen  in  regenera- 
tion. However,  the  clinical  picture  of  thyroidectomy 
was  not  produced  in  any  case,  and  the  anatomic  changes 
were  not  great.  Beebe  has  secured  an  antiserum  by 
immunizing  with  thyroid  nucleo-proteid  which  has  been 
used  with  apparent  success  in  the  treatment  of  exophthal- 
mic goitre.  MacCallum  could  not  obtain  an  anti-serum 
specific  for  the  parathyroid. 

Numerous  reports  may  be  found  indicating  attempts 
with  varying  success  to  obtain  sera  toxic  for  other  tis- 
sues. Among  them  may  be  mentioned  epitheliolynn 
(for  ciliated  epithelium),  spermatotoxin ,  hepatolysm,  car- 
diolysin,  splenolysin,  and  syncytiolysin.  Atternpts  at 
the  production  of  immune  serum  with  adrenal  by  Ab- 
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bott  resulted  only  in  a  serum  with  great  heemolytic 
power,  but  with  no  particular  effect  on  the  adrenal.  I  he 
principle  in  all  is  the  same,  but  the  results  as  a  whole 
are  not  now  in  a  state  to  warrant  extensive  considera- 
tion. In  general,  it  can  be  said  that  it  has  not  been 
found  possible  in  this  way  to  throw  out  of  function  one 
particular  organ,  with  or  without  involvement  of  other 
structures.  It  must  be  borne  in  mind  that  we  can  have 
grave  functional  disturbances  without  corresponding 
anatomic  alterations.  There  is  no  reason  known  why 
a  group  of  receptors  of  essential  importance  to  the  func- 
tional manifestations  of  the  cell  may  not  be  quite  inde- 
pendent of  vegetative  functions ;  and  with  impairment 
of  these  alone  there  need  be  no  visible  cell  changes. 

H.  Gideon  Wells. 
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HARROGATE. — Harrogate  is  situated  in  Yorkshire 
in  the  central  portion  of  England,  midway  between  the 
Irish  Sea  and  the  German  Ocean,  four  and  one-half  hours 
by  rail  from  London.  Its  reputation  depends  not  only 
upon  its  waters  but  as  well,  upon  its  climate,  which  is  dry, 
invigorating,  and  with  an  atmosphere  of  remarkable 
purityl  It  has  an  elevation  of  260  to  600  feet  above 
sea-level.  The  town  consists  of  "Low"  and  "High" 
Harrogate,  High  Harrogate  possessing  the  more  bracing 
climate,  while  Low  Harrogate  is  more  sheltered  and  en- 
joys a  reputation  as  a  winter  resort.  There  are  fewer 
rainy  days,  it  is  said,  than  at  most  of  the  other  English 
health  resorts.  The  season  is  from  May  to  September, 
though  the  spa  is  open  at  other  times  of  the  year. 

There  are  about  eighty  different  cold  mineral  springs 
at  Harrogate,  most  of  them  containing  sulphur  in  the 
form  of  sulphuretted  hydrogen  and  sulphide  of  sodium, 
varying  greatly  in  strength  and  proportion  of  the  con- 
stituents. The  most  popular  spring  and  the  one 
generally  used  for  drinking  is  the  "Old  Sulphur  Spring" 
in  the  Royal  Pump  Room,  which  contains  about  0.07 
of  sodium  sulphide  and  37  volumes  of  sulphuretted 
hydrogen  per  litre;  it  also  contains  12.7  of  common  salt 
and  0.09  of  barium  chloride,  which  latter  substance  is  said 
to  act  as  a  heart  tonic  and  to  obviate  any  depressing 
effects  of  the  sulphur.  The  " Montpellier "  is  the 
strongest  in  sulphur,  estimated  to  contain  0.2  per 
litre  of  sodium  sulphide  with  no  sulphuretted  hydrogen. 
The  Starbeck  wells,  on  the  contrary,  are  weak  in  sulphur 
and  are  used  for  baths. 

There  are  also  iron  springs,  and  of  these  the  famous 
Kissingen  Well"  contains  0.13  of  carbonate  of  iron. 
10.0  of  sodium  chloride,  and  1.2  calcium  chloride  per 
Ltre,  and  the  "chloride-of-iron  well"  contains  0  19  of 
chloride  of  iron,  0.16  of  carbonate  of  iron,  2.5  of  chloride 
of  sodium,  and  0.07  of  chloride  of  barium  per  litre 
There  is  also  the  sulphate-of-iron  water  from  the  so'- 
called  "alum  well"  in  the  "bog  field,"  containing 
ferrous  sulphate,  feme  sulphate,  aluminum  sulphate 
calcium  sulphate,  and  magnesium  sulphate,  about  1  0 
per  litre  of  each. 

The  waters  of  Harrogate  are  appUcable  to  about  the 
same  class  of  ca,ses  as  are  treated  at  Homburg  and 
Kissingen,  although  the  waters  of  these  two  latter  spas 
contain  no  sulphur,  and  Kissingen  contains  no  iron 
Chlorosis,  anaimia,  hepatic  disorders,  lead  and  mercurial 
poisomng,  chrome  dyspepsia,  constipation,  obesity,  cer- 
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tain  skin  diseases,  functional  uterine  disorders,  scrofu- 
la, chronic  gouty  and  rheumatic  conditions,  and  bronchitis 
are  all  said  to  be  benefited  by  the  use  of  these  waters. 
It  is  well  to  remember  that  the  climate,  regular  mode  of 
living,  freedom  from  care,  and  the  general  simplicity 
of  life  add  much  to  the  effect  of  the  waters,  and  this 
is  true  of  all  water  cures. 

The  sulphur  waters,  of  which  the  "Old  Sulphur 
Spring"  stands  first  in  importance, — the  chlorides  it 
contains  giving  it  a  special  therapeutic  value, — are  em- 
ployed both  for  drinking  and  in  baths,  particularly  for 
drinking,  and  are  most  useful  in  functional  hepatic  dis- 
orders, digestive  disturbances,  constipation,  etc.,  gout, 
rheumatism,  chronic  lead  poisoning,  and  externally  in 
eczema  and  psoriasis.  The  chalybeate  waters  are  em- 
ployed in  anaemia,  albuminuria,  convalescence  from 
prolonged  or  severe  illness,  scrofula,  and  also  in  chronic 
rheumatic  arthritis. 

The  contraindications  to  the  use  of  these  waters  are 
organic  diseases  of  the  heart,  blood-vessels,  liver,  and 
kidneys,  and  in  cases  of  asthma,  insomnia,  and  neurotic 
conditions  generally. 

The  bath  establishments  are  modem  and  complete. 
The  new  Royal  Baths,  erected  ten  years  ago  at  a  cost  of 
$600,000,  are  called  "one  of  the  sights  of  Europe." 
There  are  special  attendants  for  administering  the  "Aix: 
douche"  as  is  done  at  Aix-les-Bains,  which  are  much 
employed  in  chronic  gouty  and  rheumatic  cases. 

The  accommodations  are  good  and  abundant.  The 
hotels  and  residences  are  built  around  an  open  common 
of  two  hundred  acres;  the  sanitary  conditions  are  ex- 
cellent, and  there  is  an  abundant  supply  of  pure,  soft 
water.  The  amusements  are  music,  tennis,  golf,  cycUn^, 
cricket,  and  hunting.  The  scenery  about  Harrogate  is. 
very  attractive,  affording  many  interesting  excursions. 

Edward  0.  Otu. 

HEART-BLOCK. — By  this  term  is  meant  that  condi- 
tion in  which,  owing  to  some  interference  with  the 
muscular  connection  between  the  auricle  and  the  ventri- 
cle (the  auriculo ventricular  bundle  of  His),  there  is  an 
arrest  or  "  block  "  of  the  stimulus  of  contraction  on 
its  way  from  the  auricle  to  the  ventricle.  The  result  of 
this  is  that  the  ventricle  misses  a  beat  or  perhaps  sev- 
eral, while  the  regular  systole  of  the  auricle  is  continued. 

Heart-block  may  be  partial  or  complete.  In  the  for- 
mer there  is  a  definite  ratio  between  the  contraction  of 
the  ventricle  and  that  of  the  auricle ;  in  the  latter, 
when  the  block  is  complete,  the  rhythm  of  the  ventricle 
and  that  of  the  auricle  are  entirely  independent  of  each 
other,  the  ventricular  rate  being  the  slower.  In  par- 
tial block  the  ratio  of  the  auricular  to  the  ventricular 
rate  is  2  :  1,  3  :  1,  or  even  4  ;  1. 

The  question  is  still  unsettled  whether  the  heart-beat 
as  a  whole  is  due  to  muscular  or  to  nervous  impulse. 
The  older  theory,  the  neurogenic  (based  especially  on 
the  work  of  Volkmann  and  Bidder),  placed  the  source 
of  the  heart's  action  in  the  intracardiac  ganglia,  which 
were  assumed  to  be  connected  into  a  co-ordinated  mech- 
anism for  the  purpose  of  obtaining  the  proper  sequence 
of  the  contractions  of  the  individual  heart  segments  (the 
venous  end,  the  auricle,  and  the  ventricle). 

The  myogenic  theory  attributes  the  origin  of  the  nor- 
mal stimulus,  its  rhythmic  character,  and  its  conduc- 
tion through  the  heart,  exclusively  to  the  muscular  ele- 
ments of  the  organ.  The  action  of  the  extracardiac 
heart  nerves  and  of  certain  heart  poisons  are  referred 
to  a  direct  influence  upon  the  heart  muscle.  For  several 
years  the  neurogenic  theory  was  the  favorite ;  but  of 
late,  and  particularly  since  the  discovery  of  the  "  bun- 
dle of  His,"  the  myogenic  theory  has  received  much 
more  support. 

According  to  the  teachings  of  those  holding  the  myo- 
genic theory,  the  regular  heart  action  is  the  result  of  the 
combined  effect  of  the  four  chief  functions  of  the  heart 
muscle,  viz.,  automatic  stimulation,  irritability,  capac- 
ity of  transmitting  the  motor  stimulus  from  one  muscle 
cell  to  another,   and  muscular  contractility.     It  is  at 
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once  evident  that  the  disturbance  of  one  of  these  chief 
functions  will  be  followed  Ijy  a  typical  interference 
with  the  summation  of  the  remaining  functions.  The 
degree  of  the  capacity  to  transmit  the  motor  stimulus 
from  one  muscle  or  cell  to  another,  or  the  conductive 
power,  may  be  measured  by  the  interval  of  time  be- 
tween the  auricular  systole  and  the  ventricular  systole. 
Since  the  motor  stimulus  starts  from  the  sinus  venosus 
and  passes  by  way  of  the  auricle  and  ventricle  to  the 
apex,  it  is  evident  that  a  certain  time  must  elapse  be- 
tween the  successive  contractions  of  each  of  these  seg- 
ments. The  transmission  is  most  sluggish  at  the 
transition  from  one  heart  segment  to  another,  most  dis- 
tinctly so  at  the  transition  from  the  auricle  to  the  ven- 
tricle. It  must  furthermore  be  taken  into  consideration 
that  the  conductive  power,  as  well  as  the  other  heart 
functions,  is  dependent  upon  the  phase  of  the  cardiac 
cycle.  In  the  "  refractory  "  phase — the  systole — the 
heart  muscle  is  not  capable  of  conduction,  nor  is  it  sus- 
ceptible to  extra  stimulation;  in  other  words,  the  con- 
ductive power  is  destroyed  by  each  systole,  and  gradu- 
ally revives  during  the  diastole.  If  the  conductive 
power  is  lessened  from  any  cause,  such  as,  for  instance, 
asphyxia,  vagus  stimulation,  digitalis,  etc.,  then  the  in- 
terval between  the  auricular  systole  and  the  ventricular 
systole  is  necessarily  increased.  This  interval  may  be- 
come so  long  that  the  ventricular  systole  sets  in  only  a 
short  time  before  the  next  following  auricular  systole, 
,so  that  apparently  there  is  an  inverse  rhythm  in  the 
heart  contraction,  from  ventricle  to  auricle.  When  the 
conductive  power  is  still  poorer,  'the  interval  may  be- 
come interminable,  meaning  that  the  stimulus  is  not 
transmitted.  Thus  one  cardiac  contraction  is  left  out, 
giving  the  muscle  time  for  recuperation  and  accumula- 
tion of  an  improved  conductive  power. 

Until  1893  it  was  believed  that  the  auricles  and  ven- 
tricles were  independent  muscles,  separated  by  a  fibrous 
ling.  In  that  year,  Wilhelm  His,  Jr.,  described  what 
has  since  been  known  as  the  "  auriculo ventricular  bundle 
of  His."  The  subject  attracted  little  attention  at  the 
time,  but  the  researches  of  Retzer,  Braunig,  Humblet, 
Hering,  Tawara,  Keith,  Erlanger,  and  others  have  not 
■only  confirmed  the  existence  of  the  bundle,  but  also 
made  more  clear  its  histological  structure  and  physio- 
logical importance.  This  muscular  bundle  represents 
the  only  muscular  connection  between  the  auricles  and 
■ventricles.  According  to  Dock  {Detroit  Medical  Jour- 
nal, October,  1907) :  "  Retzer  found  the  bundle  about 
18  mm.  long,  2.5  mm.  wide,  and  1.5  mm.  thick.  Accord- 
ing to  Tawara,  that  is  only  part  of  an  extensive  series 
of  fibres,  beginning  in  the  septum  of  the  auricle,  form- 
ing a  node  just  above  the  fibrous  septum  and  later  di- 
viding into  two  legs  which  pass  down  the  ventricular 
septum  and,  breaking  up  into  fine  arborescent  fibres, 
the  fibres  of  Purkinje,  pass  off  to  all  parts  of  the  ven- 
tricle, under  the  endocardium,  at  first  surrounded  by 
connective  tissue,  finally  fusing  with  the  muscle  fibres. 
The  most  recent  investigator,  Fahr,  makes  the  bundle 
40  mm.  long,  coalescing  with  the  heart  fibres  at  both 
ends.  Keith  rather  confirms  Tawara's  findings,  but  he 
a,lso  finds  that  in  mammals  the  conducting  fibres  are 
more  like  muscle  fibres,  whereas  in  lower  animals  he 
finds  differentiated  fibres  beginning  in  the  veins  and 
running  into  the  auriculo  ventricular  bundle." 

From  the  investigations  of  His  and  Hering  it  was 
learned  that  when  a  small  knife  is  introduced  into  the 
left  auricle  of  a  rabbit,  so  as  to  perforate  the  septum, 
it  is  noted  that  the  ventricle  and  auricle  keep  on  pulsat- 
ing after  the  injury,  but  each  part  with  a  rhythm  of  its 
own.  This  auriculoventricular  allorhythmia,  however, 
occurs  only  in  those  cases  in  which  the  bundle  of  His  has 
been  injured  or  severed ;  whereas  destruction  of  other 
parts  of  the  septum  is  never  followed  by  this  phenoine- 
non.  Although  the  remaining  anatomical  connection 
between  the  auricle  and  ventricle  may  be  preserved,  the 
functional  connection  is  completely  severed  by  a  divi- 
sion of  the  bundle  of  His.  The  ventricles  beat  auto- 
matically, and  in  a  slower  rhythm  than  the  auricles, 


both,  however,  pulsating  regularly;  and  neither  spon- 
taneous nor  artificial  stimuli  pass  from  one  part  of  the 
heart  to  the  other.  Hering's  experiments  proved  the 
notable  fact  that  His's  bundle  possesses  the  function  of 
conducting  stimuli  from  the  auricle  to  the  ventricle. 
Hering  arrived  at  the  conclusion  that  this  conduction 
is  purely  muscular  and  not  nervous,  basing  his  opinion 
upon  the  supposition  that  the  muscular  bundle  has  no 
other  known  function,  and  that  a  conduction  by  way  of 
both  muscle  and  nerve  seems  hardly  probable. 

His  {Deulsches  Arch.  f.  klin.  Med.,  64, 1899)  enumerates 
three  po.^sibilities  for  the  origin  of  heart-block:  (1)  an 
abnormal  condition  of  the  ventricular  muscle ;  (2) 
changes  in  the  muscular  constituents  which  transmit 
the  stimulus  to  the  ventricle ;  (3)  abnormal  influences 
on  the  part  of  the  vagus  nerve,  which  may  also  be  com- 
bined with  abnormalities  of  the  muscle.  Heart-block 
may  result  in  consequence  of  injury  to  the  ventricular 
muscle,  retarding  or  inhibiting  its  conductive  or  con- 
tractile power.  TThe  damage  may  be  either  temporary 
(over-distention,  ana?mia,  etc.)  or  permanent  (degen- 
eration, inflammation).  The  second  possibility  refers 
to  the  muscular  bundle ;  and  it  has  been  shown  that 
when  this  bundle  is  destroyed  the  auricles  and  ventri- 
cles begin  to  beat  independently  of  each  other,  and  at 
an  unequal  rate.  If  the  transmission  of  the  stimulus 
actually  passes  through  this  muscular  bundle,  it  is  evi- 
dent that  localized  disease  of  the  bundle  may  likewise 
give  rise  to  heart-block. 

Erlanger  {Journal  of  Experimental  Medicine,  1905) 
repeatedf  the  experiments  of  His  and  Hering,  dividing 
or  compressing  the  auriculoventricular  bundle  in  the 
dog.  The  results  of  these  experiments  showed  that  all 
forms  of  heart-block,  incomplete  and  complete,  can  be 
obtained  by  compression  of  the  bundle  of  His.  A  com- 
parison of  these  observations  with  clinical  experiences 
leads  to  the  conclusion  that  all  the  symptoms  of  Stokes- 
Adams  disease  may  be  explained  by  lesions  which  affect 
the  His  bundle.  Up  to  the  present  time  no  typical  case 
of  this  disease  has  been  described  in  which  the  heart- 
block  was  absent ;  heart-block  without  and  with  at- 
tacks of  syncope  representing  only  two  stages  of  one 
identical  process.  B.  J.  E.  Scott. 

HEBOTOMY. — History. — In  apaperreadinStrasburg, 
in  1844,  Lacour  mentions  that  his  teacher  Stolz  advised 
enlarging  the  pelvis  by  sawing  through  the  pubic  bone  at 
one  side  of  the  symphysis,  and  demonstrated  his  method 
on  the  dead  subject.  We  then  heard  nothing  further  of 
this  operation,  now  variously  called  hebotomy,  hebos- 
tomy,  pubotomy,  and  pubiotomy,  until  Gigli,  in  1894, 
again  proposed  it,  believing  that  it  would  do  away  with 
the  disadvantages  of  symphyseotomy  while  retaining  all 
its  advantages.  Bonardi  was  the  first  who  performed  the 
operation  as  suggested  by  Gigli  on  the  living.  In  the 
last  decade  the  number  of  pubotomies  performed  in 
Europe  has  been  rapidly  increasing,  due  in  part  to  the 
marked  development  in  technique  at  the  hands  of  Doder- 
lein  and  Bumm.  In  this  country  but  few  have  been 
performed,  Norris,  Montgomery,  Bill,  and  others  favor- 
ing the  procedure;  while  other  obstetricians  who  admit 
having  done  but  few  or  none  at  all  put  themselves  on 
record  as  not  in  favor  of  it. 

Operation. — The  various  methods  employed  divide 
themselves  into  three  groups-  the  open  by  Gigli,  the 
partly  subcutaneous  by  Dbderlein,  and  the  strictly- 
subcutaneous  by  Bumm.  Gigli  made  an  oblique  inci- 
sion through  the  skin  over  the  anterior  surface  of  the 
pubes,  beginning  just  to  the  side  of  the  symphysis  and 
running  downward  and  outward  to  the  tuberculum 
subpubioum,  at  the  outer  border  of  the  labium  majus. 
A  carrier  was  then  inserted  from  above  downward  be- 
hind and  close  to  the  pubic  bone  in  a  line  parallel  to  the 
skin  incision;  to  this  a  Gigli  saw  was  attached  and  drawTi 
through  behind  the  pubes  when  the  latter  was  divided. 

Van  der  Velde  modified  the  operation  by  beginning  his 
incision  at  the  superior  pubic  spine  and  carrying  it 
obliquely  downward  and  inward  until  he  reached  the 
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labium  majus  at  the  level  of  the  vestibu  um;  he  then 
proceeded  as  Gigli,  dividing  the  bone  parallel  to  the  skin 
incision.  He  claimed  the  obturator  foramen  would  be 
less  likely  to  be  injured  by  this  method. 

Doderlein  made  a  small  incision  along  the  upper  border 
of  the  pubes,  just  internal  to  the  spine,  and  large  enough 
to  enable  him  to  insert  one  finger  behind  the  bone  with 
which  the  bladder  and  retropubic  tissue  could  be  pushed 
away,  thus  making  way  for  a  carrier  whicli  he  passed 
vertically  from  above  downward  close  to  the  bone 
along  the  finger  as  a  guide.  After  dividing  the  bone 
from  behind  forward,  the  skin  incision  was  closed. 
Henkel  made  a  similar  skin  incision,  after  which  he 
separated  the  periosteum  from  the  anterior  and  poste- 
rior surfaces  of  the  bone.  With  a  specially  devised  in- 
strument he  then  carried  the  saw  from  above,  between  the 
posterior  surface  of  the  bone  and  its  periosteal  covering, 
down  to  the  lower  border  of  the  pubes,  where  it  was 
grasped  by  another  instrument  passed  between  the  ante- 
rior surface  of  the  bone  and  its  periosteal  covering  and 
drawn  up  in  front  of  the  bone;  the  latter  was  then 
divided  from  below  upward.  Henkel  claims  that  as 
the  process  of  sawing  is  done  under  cover  of  the  perios- 
teum there  is  less  chance  of  injuring  the  bladder  and  soft 
parts. 

Bumm  makes  no  incision  at  all,  but  uses  a  sharp- 
pointed  carrier  which  he  inserts  2  cm.  from  the  median 
line,  carrying  it  from  below  upward,  closely  hugging  the 
lower  border  and  posterior  surface  of  the  bone,  and  doing 
it  under  guidance  of  two  fingers  in  the  vagina.  The 
carrier  comes  out  2  cm.  from  the  median  line  just  inside 
the  pubic  spine,  when  the  Gigli  saw  is  attached  and  drawn 
behind  the  bone,  the  latter  then  being  divided  from  be- 
hind forward. 

Gigli's  and  Van  der  Velde's  open  operations  were  not  a 
very  great  improvement  on  symphyseotomy,  since  the 
great  danger  in  both  lies  in  the  large  easily  infected  inci- 
sion. These  operations  have  practically  been  aban- 
doned, and  to-day  the  partly  and  the  strictly  subcuta- 
neous operations  are  mostly  performed,  each  having 
received  numerous  though  unimportant  modifications. 
There  is  little  difference  whether  the  needle  is  passed 
from  above  or  below,  whether  the  hebotomy  is  performed 
on  the  side  of  the  fetal  occiput  or  not,  the  left  side  being 
usually  selected  as  it  is  more  convenient  for  the  operator. 
As  regards  the  relative  merits  of  the  Bumm,  Doderlein, 
and  Henkel  methods,  it  may  be  said  that  in  the  latter 
two  there  is  less  danger  of  injuring  the  bladder  with  the 
carrier,  and  with  Henkel's  method  there  is  also  less  danger 
of  injuring  it  during  the  process  of  sawing.  These  two  are 
therefore  the  operations  of  choice  when  the  head  is 
engaged  and  presses  the  bladder  against  the  pubes,  or 
when  we  have  reason  to  suspect  a  bladder  adherent  to 
the  pubes  as  we  sometimes  find  it  after  pelvic  inflam- 
mations, or  when  large  arteries  are  felt  pulsating  on  the 
posterior  surface  of  the  bone.  At  other  times  Bumm's 
simple,  easy  method  is  preferable,  there  being  no  incision 
and  consequently  less  chance  of  sepsis,  especially  if  the 
genital  tract  is  already  infected. 

No  matter  which  method  is  employed,  the  patient  is 
placed  in  the  lithotomy  position  and  prepared  for  opera- 
tion. The  bladder  must  always  be  emptied,  and  if  a 
metal  catheter  can  be  used  it  may  be  possible  to  tell  just 
to  which  side  the  bladder  is  pushed.  The  bone  should 
be  divided  just  internal  to  the  pubic  spine,  but  as  the 
latter  can  often  not  be  felt  it  is  a  good  ride  to  divide  it 
two  centimeters  from  the  median  line.  The  labium 
majus  should  always  be  pulled  well  toward  the  median 
line  and  held  there  so  that  when  released  tlie  skin  wound 
will  not  come  directly  opposite  the  bone  wound  While 
passing  the  carrier  the  head  should  be  pushed  up  as  much 
as  possible  and  if  the  abdomen  is  pendulous  tlie  abdom- 
inal wall  should  also  be  pulled  up,  both  precautions 
to  avoid  injuring  the  bladder.  The  arc  in  which  the  saw 
IS  held  should  be  120°  to  150°  as  it  is  liable  to  break  if 
held  at  a  sharper  angle;  even  so,  it  is  wise  to  have  at 
least  three  saws  ready  for  use.  When  the  bone  has 
been  divided  the  amount  of  separation  must  be  watched 


and  any  bleeding  after  sawing  should  be  controlled  by 
pressure  from  without  and  within  the  vagina  for  a  few 
moments  before  proceeding.  At  this  stage  there  are 
usually  no  tears  since  the  bones  do  not  separate  suddenly. 
The  question  now  arises  whether  to  dehver  at  once  or  to 
await  a  spontaneous  birth.  We  should  deliver  at  once 
if  the  condition  of  mother  or  child  demand  it,  if  the 
patient  is  a  multipara  with  relaxed  soft  parts,  or  if  the 
pains  were  already  poor  before  the  operation.  The  ob- 
jections which  are  advanced  against  waiting  are  that 
it  is  cruel  and  that  many  children  have  to  be  delivered 
with  forceps  later.  As  a  matter  of  fact  labor  is  not  made 
more  painful  by  pubotomy,  and  the  forceps  operation 
which  is  done  later  is  usually  only  a  low  one.  Tears  in 
the  anterior  vaginal  wall  occur  no  matter  which  procedure 
is  adopted,  but  occur  less  frequently  with  spontaneous 
birth  so  that  the  latter  is  preferable  in  primiparse  with 
rigid  soft  parts,  provided  the  child  is  in  good  condition 
and  the  pains  were  strong  before  operation.  If  it  is 
decided  to  deliver  at  once  there  is  again  a  difference  of 
opinion  as  to  whether  labor  should  be  completed  by  ver- 
sion or  forceps;  the  results  so  far  are  equally  good  with 
each,  the  procedure  to  be  adopted  depending  upon  the 
individual  case.  Forceps  or  version,  it  is  well  to  remember 
to  pull  down  in  the  axis  of  the  birth  canal  and  to  dehver 
slowly,  for  many  unnecessary  tears  in  the  anterior  vaginal 
wall  have  been  made  by  pulling  forward  too  soon  and  too 
rapidly.  If  during  delivery  one  suspects  a  large  tear  in 
the  anterior  vaginal  wall  it  is  well  to  fix  a  rubber  catheter 
in  the  urethra,  as  the  latter  is  sometimes  hard  to  find  in 
trying  to  repair  the  rent.  Immediately  after  delivery 
the  bladder  should  be  catheterized  and  if  no  blood  is 
obtained  the  bladder  has  probably  not  been  injured; 
on  the  other  hand  bloody  urine  does  not  necessarily  mean 
a  fistula,  as  it  might  have  been  caused  by  contusion  of  the 
tissues;  nevertheless  if  the  urine  is  bloody  a  permanent 
catheter  should  be  left  in  place.  After  delivery  aU  tears 
should  be  repaired  and  pressure  made  in  the  vagina  and 
pubic  region  with  gauze,  this  acting  as  a  prophylactic  of 
large  hsematomata. 

Accidents  During  Operation. — The  hemorrhage  is  rarely 
large  enough  to  cause  any  anxiety.  A  severe  hemorrhage 
might  be  caused  when  there  is  an  extensive  anastomosis 
between  the  branches  of  the  obturator  and  epigastric 
arteries  or  if  the  obturator  foramen  is  injured;  if  the 
former  is  present  the  vessels  can  be  felt  pulsating  behind 
the  pubes,  the  Doderlein  operation  then  being  preferable; 
if  the  latter  happens  the  vessels  running  through  it  are 
injured,  an  accident  which  can  be  avoided  by  dividing 
the  pubes  internal  to  the  tubercle,  as  the  foramen  never 
extends  internal  to  the  spine.  The  usual  unavoidable 
source  of  hemorrhage  is  the  crus  of  the  corpus  caverno- 
sum,  this  being  injured  by  the  carrier,  saw,  or  during  the 
separation  of  the  bones,  but  the  amount  is  never  alarming. 
The  dangers  of  pubotomy  are  in  proportion  to  the  soft 

Earts,  and  foremost  among  the  latter  is  the  bladder,  it 
aving  been  injured  mth  every  modification  of  the 
operation,  either  directly  with  the  carrier  when  there  is 
usually  no  fistula  formed,  or  by  the  saw,  or  it  may  tear 
with  the  vagina  during  delivery,  especially  if  there  be  old 
adhesions  between  it  and  the  vagina.  In  reading  over 
one  hundred  cases  in  literature  I  found  a  bladder  fistula 
in  ten  of  them,  many  of  the  latter  having  healed  sponta- 
neously. Vaginal  tears  alone  may  occur  and  can  usually 
be  easily  repairotl.  In  about  fifteen  per  cent,  of  aU  pu- 
botomies  they  are  connected  with  the  cut  surfaces  of 
the  pubes.  How  to  avoid  the  various  accidents  has  been 
discussed  under  operations. 

Pelvic  Changes  Immediately  after  Operation.- — Sellheim, 
Kromer,  and  Tandler  ha\'e  demonstrated  on  the  dead 
person  that  the  amount  of  room  gained  is  the  same  as 
after  symphyseotomy  and  that  both  sides  of  the  pelvis 
are  equally  enlarged.  Others  hold  that  the  side  on  which 
the  operation  is  performed  is  enlarged  a  little  more  than 
the  other.  Three  centimetres  separation  of  the  bone 
causes  the  true  conjugate  to  increase  one  centimetre 
and  the  transverse  diameter  at  the  brim  one  and  a  half 
centimetres,  the  outlet  being  enlarged  to  a  much  less 
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degree.  Four  centimetres  separation  of  tlie  bones  does 
not  affect  tfie  sacroiliac  synchondrosis,  while  six  centi- 
metres separation  does. 

After-treatment. — I  his  is  simple,  the  patient  is  kept 
on  her  back  for  t\Yelve  days,  an  ordinary  tight  abdominal 
binder  extending  halfway  down  the  thighs  and  a  sand 
bag  on  either  side  being  considered  sufficient  support  for 
the  pelvis,  the  old  special  apparatus  and  rubber  band- 
ages having  been  abandoned;  in  fact  they  are  considered 
detrimental  nowadays,  the  separation  of  the  sawed  ends 
being  considered  favorable  to  a  permanent  pelvic  en- 
largement. On  the  sixteenth  day  the  bones  are  as  a 
rule  so  lirmly  united  that  the  patient  may  begin  to  walk; 
it  is  not  necessary  to  wait  until  movements  of  the  frag- 
ments can  no  longer  be  detected. 

Mode  of  Healing. — The  fact  that  six  months  after  a 
pubotomy  a  firm  callus  was  felt,  function  was  good, 
and  movement  of  the  cut  ends  was  absent  (sometimes 
it  is  still  present)  led  early  observers  to  beheve  that 
the  union  was  always  a  bony  one.  While  this  may  be 
so  occasionally,  the  greater  majority  of  x-ray  pictures 
six  months  after  pubotomy  show  a  light  spot  between 
the  cut  bony  ends,  from  which  we  must  conclude  that 
the  callus  is  not  bony  and  will  not  become  bony,  for  it  is 
well  known  that  where  there  is  no  bony  union  of  a  fract- 
ure six  months  after  it  occurred  there  will  never  be  one. 
Palpation,  firm  union,  faultless  function  thus  furnish  no 
criterion  for  the  character  of  the  callus.  The  x-ray 
findings  were  substantiated  histologically  and  chemically 
by  Offergeld  and  Sellheim,  who  experimented  on  animals. 
They  found  that  microscopically  the  callus  consisted  only 
of  connective  tissue  and  cartilage,  while  the  chemical 
examination  showed  nine-tenths  organic  and  one-tenth 
inorganic  matter,  there  being  practically  no  inorganic 
salts  as  compared  to  normal  bone,  the  latter  containing 
two-thirds  inorganic  matter.  They  found  the  consist- 
ency of  the  callus  varied  with  the  amount  of  the  inor- 
ganic matter,  the  latter  being  increased  if  the  cut  ends 
of  the  bone  were  rubbed  against  each  other  at  intervals, 
or  a  bandage  was  occasionally  applied  around  the  limb 
(Bier's  hypersemia).  While  the  latter  procedures  made 
the  callus  harder,  they  never  caused  the  formation  of 
bone,  as  osteoblasts  were  always  absent.  Feeding  of 
phosphorus  and  lime  had  no  effect  on  the  callus. 

The  Permanent  Enlargement  of  the  Pelvis  avd  Future 
Pregnancies. — As  the  x-ray  pictures  show  the  cut  bony 
ends  still  separated,  though  united  by  a  firm  non-bony 
band  at  the  end  of  six  months,  the  true  conjugate  must 
remain  enlarged,  and  various  statistics  bear  this  out, 
among  them  Kannengiesser's  of  eighteen  cases,  with  en- 
largement of  from  one-half  to  one  and  a  half  centime- 
tres. This  permanent  enlargement  of  the  true  conju- 
gate does  not,  however,  necessarily  mean  that  the  inlet  of 
the  pelvis  is  permanently  enlarged,  for  the  callus  may 
protrude  far  enough  backward  to  become  an  obstruction 
at  a  future  delivery.  The  latter  occurrence  is,  however, 
the  exception,  the  majority  of  the  pelves  showing  no  such 
projection;  their  inlet,  therefore,  being  permanently  en- 
larged. In  ten  successive  cases  of  Preller  there  was  no 
such  posterior  projection  of  the  callus.  Even  though  a 
majority  of  the  pelvic  inlets  are  permanently  enlarged,  it 
is  by  no  means  certain  that  all  future  deUveries  will  be 
non-operative,  for  the  enlargement  may  not  be  sufficient, 
but  some  will  certainly  be  spontaneous.  Baisch  reports 
seven  patients  who  had  had  a  hebotomy  performed 
and  who  became  pregnant  again;  four  were  deUvered 
spontaneously  and  on  three  a  second  pubotomy  was 
performed.  In  eight  of  Kannengiesser's  patients  three 
of  the  succeeding  deliveries  were  spontaneous,  in  three 
labor  was  induced  prematurely,  one  was  pubotomized, 
and  in  one  a  cesarean  section  was  performed. 

Prognosis. — The  results  for  the  child  have  not  been  so 
good  as  for  the  mother.  Out  of  226  births  after  pubot- 
omy all  but  15  children  were  delivered  in  good  con- 
dition, a  mortahty  of  not  quite  7  per  cent.  The  deaths 
were  usually  due  to  pressure  from  forceps,  or  occurred 
after  version  when  the  head  could  not  be  deUvered 
rapidly  enough. 


The  malcrnal  mortahty  of  different  operators  varies 
from  2  to  6  per  cent.  1  have  collected  366  cases  and 
found  a  mortality  of  3.2  per  cent.,  a  small  number  when 
we  consider  the  many  errors  which  are  sure  to  make  the 
results  of  a  young  operation  worse  than  they  should  be. 
The  deaths  usually  occurred  in  patients  who  had  been 

Ereviously  infected,  sepsis  being  the  cause.  Even  if  the 
istories  are  reliable  we  cannot  lose  sight  of  the  fact  that 
the  injuries  of  the  soft  parts  during  operation  increase 
the  liabihty  of  sepsis.  One  death  was  due  to  chloro- 
form, one  to  an  uncontrollable  hemorrhage  (von  Ros- 
thorn's  patient),  and  several  to  pulmonary  embolism,  the 
latter  following  thrombophlebitis,  which  occurs  more  fre- 
quently after  a  pubotomy  than  after  normal  dehveries. 

Morbidity. — Fifty  per  cent,  of  the  patients  experience 
slight  annoyances,  usually  due  to  a  slight  infection  of 
the  injured  soft  parts,  or  to  a  haematoma  which  usually 
disappears  after  three  weeks,  or  to  thrombophlebitis. 
Outside  of  being  more  likely  to  get  a  prolapse  of  the 
anterior  vaginal  wall  the  ultimate  results  are  perfect, 
as  the  patient's  gait  and  abihty  to  work  are  never 
affected. 

Indications  and  Comparisons  unth  Other  Operations. — ■ 
Various  figures  have  been  mentioned  as  the  lowest  grade 
of  contraction  in  which  pubotomy  may  be  performed. 
To  fix  a  limit  is  impracticable,  as  the  size  and  compressi- 
biUty  of  the  head  must  be  considered.  This  much  may, 
however,  be  said:  whenever  the  operation  is  performed 
on  a  flat  pelvis  the  true  conjugate  must  be  at  least  6.75 
cm.,  when  on  a  justo-minor  pelvis  at  least  7.5  cm., 
furthermore  the  child  must  be  ahve.  These  condi- 
tions fulfilled,  the  operation  has  been  advocated  for 
the  following  conditions: 

1.  Mother  not  infected  and  when  from  the  beginning 
the  disproportion  in  size  between  head  and  pelvis  makes 
it  impossible  to  hope  that  the  head  can  pass  through 
the  pelvic  brim. 

2.  Similar  conditions  to  No.  1,  except  that  mother  is 
infected  or  there  is  a  suspicion  of  infection  on  account  of 
examinations  under  doubtful  asepsis. 

3.  Mother  not  infected,  some  doubt  as  to  relation  in 
size  between  head  and  pelvis,  and  when  in  spite  of  good 
contractions  the  head  still  moves  freely  above  the  brim, 
especially  in  a  multipara  who  had  a  previous  still-birth. 

4.  Similar  conditions  to  No.  3  except  that  mother  is 
infected  or  there  is  a  suspicions  of  infection  on  account 
of  examinations  under  doubtful  asepsis. 

5.  Impacted  face  presentation,  chin  posterior  after 
attempted  rotation  with  forceps  without  success. 

6.  Head  engaged,  no  headway,  time  for  version  passed, 
after  an  attempted  delivery  with  forceps  without 
success. 

From  the  above  it  at  once  becomes  clear  that  pubot- 
omy is  occasionally  a  competitor  of  symphyseotomy, 
perforation  of  the  Uving  child,  induction  of  premature 
labor,  cesarean  section,  version,  and  high  forceps.  Per- 
foration of  the  hving  child  is  rarely  if  ever  indicated,  and 
symphyseotomy  has  been  abondoned  in  this  country 
and  by  most  clinicians  in  Europe  on  account  of  its  many 
disadvantages,  so  that  we  may  at  once  eliminate  these 
two  operations  from  the  above  list.  As  regards  induction 
of  premature  labor  it  is  but  seldom  a  competitor,  as  the 
majority  of  the  patients  usually  do  not  come  under  our 
observation  until  inlabor;  if,  however,  we  see  the  woman 
early  the  question  of  choosing  between  premature  labor 
and  pubotomy  arises.  The  mortality  of  the  mothers  is 
less  in  the  former  than  in  the  latter,  but  that  of  the  infants 
is  only  seven  per  cent,  as  against  twenty  per  cent.  a,fter 
prematurely  induced  labor,  so  that  there  is  but  little 
preference  when  we  have  the  opportunity  to  choose; 
in  fact  the  combination  of  the  two  methods  has  been  sug- 
gested by  some,  in  order  that  the  head  will  not  be  too 
large  and  cause  too  great  a  separation  of  the  bones  and 
that  the  induction  will  not  be  too  early  with  its  consequent 
dangers  for  the  child.  In  the  greater  number  of  cases 
the  time  favorable  to  the  induction  of  premature  labor 
has  passed  and  cesarean  section,  version,  and  high  for- 
ceps remain  as  the  only  competitors  of  pubotomy. 
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Under  the  above  heading  indication  No.  1  our  choice 
can  lie  only  between  cesarean  section  and  pubotomy. 
Under  these  conditions  the  results  of  cesarean  section  in 
the  hospitals  in  this  country  have  been  excellent.  A.  B. 
Davis  at  the  New  York  Lying-in  Hospital  lost  only  4 
patients  out  of  a  total  of  38,  all  these  having  been  pre- 
viously infected,  so  that  the  mortality  is  ml  m  cesarean 
section  as  regards  mothers  in  clean  cases,  with  the  addi- 
tional advantage  that  the  operation  is  free  from  ha^ma- 
tomata  and  injuries  of  the  soft  parts  and  that  the  patient 
is  able  to  attend  to  her  work  at  an  earlier  date.  Only  2 
children  (in  the  clean  cases)  were  not  alive  when  the 
mothers  were  discharged.  We  thus  see  that  here  cesarean 
section  is  preferable  to  pubotomy,  unless  the  surround- 
ings are  not  adapted  for  cesarean  section  or  the  operation 
is  refused,  or  when  there  is  a  prolapsed  pulsating  cord  in 
which  case  the  preparations  for  the  cesarean  operation 
might  take  too  long. 

Under  indication  No.  2,  we  can  again  choose  only 
between  cesarean  section  and  pubotomy.  Here  the  gen- 
erative tract  is  infected,  under  which  circumstances  a 
cesarean  operation  is  dangerous  as  the  peritoneal  cavity 
is  opened  and  general  peritonitis  easily  results.  Davis 
lost  4  out  of  6  infected  cases,  a  much  higher  mortality 
than  in  the  infected  cases  in  which  a  pubotomy  was 
done.  Pubotomy  is  therefore  preferable  in  these  cases; 
the  chances  for  the  child  are  the  same  in  both  procedures. 

Under  indication  No.  3  it  is  more  difficult  to  decide; 
personally,  I  believe  that,  in  a  hospital,  cesarean  section 
would  give  the  best  results,  but  if  we  cannot  do  it  we 
must  decide  between  pubotomy,  version,  and  high  for- 
ceps. If  high  forceps  requires  too  much  force,  pubotomy 
is  to  be  preferred,  as  more  children  will  be  discharged 
alive,  the  chances  for  the  mother  being  about  equal.  If 
version  is  decided  upon  and  there  seems  to  be  any  doubt 
as  to  the  head  passing  the  brim,  it  is  well  to  pass  the 
carrier  and  lay  the  saw  in  place  before  doing  the  version, 
so  that  the  bone  can  be  sawed  through  quickly  if  there 
is  any  difficulty  in  extracting  the  head. 

Under  indication  No.  4  the  same  remarks  apply  as 
under  No.  3  except  that  cesarean  section  is  excluded 
on  account  of  the  existing  infection. 

Under  indications  Xos.  .5  and  6,  pubotomy  only  is 
indicated. 

That  pubotomy  can  be  easily  performed  in  private 
practice  is  evident  from  the  fact  that  many  have  been 
successfully  perforrned  in  the  out-patient  departments 
of  German  clinics ;  it  is  also  eminently  more  suitable  for 
the  general  practitioner  than  cesarean  section. 

C.  Frederic  Jellinghaus. 

HELMITOL  is  hexamethylenetetramine  anhydrometh- 
ylene  citrate,  C7H,0,.(CHj)8Ni.  It  occurs  in  colorless 
crystals,  soluble  in  ten  parts  of  water,  ahnost  insoluble 
in  alcohol  and  ether.  It  is  slowly  decomposed  in  dilute 
acid  solutions,  readily  in  alkaline  solutions  with  the  lib- 
eration of  formaldehyde.  Solutions  have  an  acid  taste 
and  reaction. 

Helmitol  is  a  urinary  antiseptic  in  much  the  same 
manner  as  is  hexamethylenamine.  It  is  equally  efficient 
in  acid  or  alkaline  urine.  Used  in  chronic  urethritis, 
cystitis,  and  chronic  affections  of  the  bladder,  it  arrests 
the  alkaline  fermentation  of  the  urine,  relieves  tenes- 
mus, and  is  said  to  be  especially  useful  in  pyelitis  and 
as  a  urinary  disinfectant  following  typhoid  fever  Dose  ■ 
10-15  grains  (0.6-1.0).  John  W.  Wainright. 

HEMLOCK,  POISONING  BY.-The  water  hemlock 
(Comum  maculaium)  is  a  small  herb,  belonging  to  the 
natural  order  Umbellifenr.  It  is  indigenous  in  Europe 
but  has  established  itself  in  other  countries  It  is  re- 
garded as  the  poison  used  by  the  ancient  Athenians  in 
putting  criminals  to  deiith,  and  has  become  famous  in 
consequence  of  its  use  in  the  case  of  Socratex. 

The  poisonous  properties  exhibited  by  several  parts 
of  the  plant,  especially  the  fruit,  are  due  to  several  al- 
kaloids, of  which  coniine  is  the  most  important  Its 
formula  is  CbH^N.    It  is  a  colorless  liquid,  specific  grav- 

544 


ity  about  0.880,  not  very  soluble  in  water.  It  boils  at  a 
temperature  considerably  above  that  of  water,  and  has 
a  distinct  rotary  action  on  polarized  light.  Its  odor  is 
strong  and  disagreeable. 

Cases  of  hemlock  poisoning  have  been  mostly  acci- 
dental, parts  of  the  plant  having  been  mistaken  for 
edible  herbs,  such  as  parsley.  The  following  are  the  most 
marked  symptoms:  Headache,  vertigo,  dilated  pupils, 
a  prickling  sensation  in  the  extremities,  with  gradually 
developing  paralysis.  This  latter  usually  begins  in  the 
legs.  The  paralytic  condition  extends  to  the  muscles  of 
the  trunk  and  neck,  speech  and  deglutition  become  im- 
perfect, and  finally  asphjrxiation  may  occur  by  failure  of 
the  respiratory  muscles.  The  mind  is  not  much  impaired 
until  t  he  latest  stages  of  the  case.  Convulsions  may  occur 
at  an  advanced  stage.  A  case  may  last  several  hours, 
but  is  likely  to  be  much  more  rapid  in  its  progress,  death 
sometimes  occurring  in  a  few  minutes.  The  poisonous 
dose  is  small,  but  cannot  be  accurately  fixed  from  the 
data  at  hand. 

Tannin  and  animal  charcoal  have  some  antidotal  value, 
but  the  thorough  washing  out  of  the  stomach  will  be 
found  to  be  of  most  advantage  and  should  be  instituted 
as  soon  as  possible.  Artificial  respiration  may  be  re- 
quired in  the  advanced  stages  of  the  case.  The  marked 
paralytic  condition  suggests  the  cautious  use  of  strych- 
nine in  very  small  doses  hypodermically. 

The  detection  of  the  characteristic  alkaloid  is  a  difficult 
matter,  but  its  peculiar  odor  will  be  of  value.  More  im- 
portant, from  a  practical  medical  point  of  view,  is  the 
recognition  of  parts  of  the  plant.  These  should  be  care- 
fully e.xamined,  and  compared  with  authentic  specimens, 
or  mistakes  will  be  made,  for  species  of  Umbelliferae  are 
often  difficult  to  differentiate.  The  post-mortem  appear- 
ances are  not  characteristic.  Henry  Leffmann. 

HICCOUGH  (singultus)  is  caused  by  a  spasmodic  con- 
traction of  the  diaphragm,  with  sudden  closure  of  the 
glottis.  The  condition  may  be:  (a)  Irritative,  as  when 
the  spasm  is  excited  by  swallowing  hot  or  dry  food, 
disease  of  the  lower  extremity  of  the  oesophagus,  gastric 
or  intestinal  indigestion;  (b)  inflammatory,  occurring  in 
gastritis,  peritonitis,  appendicitis,  hernia,  internal  strang- 
ulation, or  typhoid  fever;  (c)  specific,  in  which  the  con- 
dition accompanies  cancer  of  tne  stomach,  mediastinal 
tumor,  gout,  diabetes,  nephritis,  or  other  constitutional 
disease;  (d)  reflex  or  neurotic,  occurring  in  hysteria, 
cerebral  tumor,  epilepsy,  emotional  disturbance,  shock, 
or  from  peripheral  irritation.  The  attacks  vary  in  dura- 
tion from  a  few  hours  to  several  weeks  or  months. 

The  prognosis  is  seldom  unfavorable  except  when  the 
spasm  complicates  some  serious  organic  disease. 

Treatment. — In  the  less  severe  cases  many  of  the 
popular  remedies  are  effective,  as  holding  the  breath, 
taking  a  drink  of  cold  water,  swallowing  ice,  salt,  vine- 
gar, lemon-juice,  or  strong  brandy,  a  sudden  fright,  or 
the  induction  of  sneezing.  Prolonged,  firm  pressure  in 
the  epigastrium,  a  tight  bandage  around  the  lower 
thorax,  massage  of  the  abdomen,  faradization,  an  emetic, 
passing  the  oesophageal  sound,  or  lavage  of  the  stomach, 
will  relie\e  some  of  the  more  severe  cases.  The  cold 
pack  is  often  promptly  curative.  Of  internal  remedies 
there  are  many,  but  they  must  be  tried  in  succession  in 
the  worst  cases,  and  none  is  infallible.  Of  these,  the  best 
are:  Cocaine,  gr.  \  (0.01),  spirit  of  chloroform,  5  ss.  (1.8), 
codeine,  gr.  ss.  (0.03),  asafcetida,  and  the  bromides. 
Morphine  may  be  employed  hypodermically  in  the  worst 
oases,  but  its  effect  is  transitory.  Pilocarpine,  nitro- 
glycerin, apomorphine,  and  inhalations  of  chloroform  or 
amyl  nitrite  may  be  curative.  Pressure  on  the  lower  part 
of  the  thorax  or  over  the  phrenic  nerve,  and  galvanism 
maj' be  tried.  J  ames  M  .French. 

HUNYADI  JANOS  SPRING,  AUSTRIA.— A  mineral 
spring  at  Ofen,  Hungary,  a  part  of  Budapest.  The  active 
ingredients  are  the  sulphates  of  sodium  and  magnesium. 
The  following  table  shows  the  proportions  in  which  they 
occur  in  the  various  Hungarian  waters. 
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One  Litre  op  Water  Contains: 


Sodium  sulphate. 
Grams. 

Magnesium  sulphate. 
Grams.    . 

22.55 

23.18 

15.40 

9.59 

6.05 

5.80 

22.35 

24  78 

24.40 

10.85 

5  15 

Kissingen  Bitterquelle — 

5.00 

The  following  is  an  analysis  of  the  Hunyudi  Janos 
water  by  Professor  Bunsen.  One  pint  contains :  Sodium 
carbonate,  gr.  13.30;  ferrous  (oxide)  carbonate,  gr.  0.08; 
calcium  carbonate,  gr.  6.04;  strontium  carbonate,  gr.  0.19; 
sodium  chloride,  gr.  11.54;  potassium  sulphate,  gr.  1.67; 
sodium  sulphate,  gr.  138.97;  magnesium  sulphate,  gr. 
137.98;  silicious  earth,  gr.  0.09.  Total,  399.76  grains. 
Free  and  partly  combined  carbonic  acid,  8.06  cubic 
inches. 

Other  well-known  waters  of  like  character  are  those  of 
the  Rubinat  Condal,  Rubinat  Serre,  and  Rubinat  Llorach 
Springs  in  Spain. 

The  taste  of  these  waters  is  disagreeably  bitter,  much 
like  a  solution  of  "  Epsom  salts, "  although  it  is  said  to  be 
somewhat  modified  by  the  presence  of  free  carbonic  acid 
and  the  other  salts;  at  best,  however,  they  are  not  a 
pleasant  drink. 

These  sulphated  bitter  waters  are  much  employed 
either  as  an  occasional  aperient,  or  in  habitual  constipa- 
tion and  in  dyspepsia  accompanied  by  constipation.  Tliey 
are  also  a  serviceable  laxative  in  small  doses  in  pregnancy, 
arteriosclerosis,  cardiac  disease,  and  other  morbid  condi- 
tions in  which  an  unstimulating  laxative  is  desired.  In 
large  doses  they  are  indicated  where  a  rapid,  full  evacu- 
ation of  the  bowels  is  the  end  in  view.  In  brief,  in  all 
the  innumerable  conditions  in  which  a  "  dose  of  salts  "  is 
indicated,  these  bitter  waters,  which  are  practically  a 
solution  of  salts,  can  be  used.  The  usual  dose  of  the 
strong  bitter  waters  is  from  a  half  to  one  wineglassful 
taken  on  an  empty  stomach.  In  emergency  cases  a  larger 
dose  can  be  taken— from  three-quarters  to  one  tumberf ul. 

Edward  0.  Otis. 

HYPER/EMIA,  ARTIFICIAL,  AS  A  THERAPEUTIC 
AGENT. — During  recent  years  August  Bier  has  de- 
veloped a  method  of  treating  a  great  variety  of  diseases 
by  the  production  of  locaUzed  hyperemia.  The  exact 
position  of  this  therapy  cannot  be  defined  at  the  present 
time,  but  in  view  of  the  fact  that  it  has  proven  very 
useful  and  effective  in  the  hands  of  a  great  many  physi- 
cians and  surgeons,  it  seems  destined  to  play  an  impor- 
tant part  in  the  treatment  of  many  diseases.  As  with 
most  new  agents,  hypersemia  produced  by  the  technique 
elaborated  by  Bier  has  been  extolled  by  some  in  a  most 
exaggerated  manner  and  it  will  undoubtedly  require 
years  of  patient  study  and  observation  before  the  proper 
place  is  allotted  to  thi^  useful  therapeutic  agent.  Ex- 
aggeration and  overenthusiasm  work  injury  and  are 
sure  to  delay  the  general  adoption  of  Bier's  methods. 
Indiscriminate  application  of  this  therapeutic  agent  also 
works  injuriously  in  the  same  way.  An  attitude  of 
scientific  reserve  and  careful  investigation  should  be 
pursued,  and  finally  all  will  clearly  see  the  advantages 
and  the  disadvantages  as  well  as  the  limitations  of  arti- 
ficially produced  hyperemia.  At  the  present  time  one 
can  already  say  with  considerabledefiniteness  what  this 
agent  can  effect  in  a  great  variety  of  pathological  condi- 
tions, but  in  the  realm  of  severe  acute  inflammatory  dis- 
eases a  scientific  scepticism  must  be  maintained  until 
the  post  hoc  developments  are  absolutely  and  irrefutably 
proven  to  be  propter  hoc. 

"  Every  working,  functioning  organ  is  hypera?mic 
while  doing  its  work."  "  All  growth  and  regeneration 
are  accompanied  by  local  hyperaemia,  which  is  all  the 
more  marked  the  more  active  and  energetic  the  growth. 
"  All  body  reactions  to  foreign  materials,  in  the  broad- 
est seijse,  are  accompanied  by  hjTJerEemia  "  (Bier). 
Hyperajmia  is  therefore  the  most  common  agent  that 
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Nature  avails  herself  of,  in  both  normal  and  diseased 
conditions.  In  following  the  example  of  Nature,  Bier 
has  developed  a  new  therapeutic  field  as  well  as  a  more 
modern  conception  of  many  pathological  conditions. 

During  recent  years  the  medical  world  has  gradually 
faced  about  on  t,he  question  of  inflammation  so  that 
nowadays  this  process  is  recognized  as  something  useful 
and  reparative.  Bier  has  emphasized  this  more  than 
any  other  writer,  and  upon  this  he  has  based  much  of 
his  work  with  hyperaemia.  The  practical  application 
of  the  pathologist's  views  above  mentioned  we  owe  to 
Bier,  who  says,  Away  with  antiphlogistic  measures,  and 
let  us  assist  Nature  and  increase  the  body's  response, 
i.e.,  the  inflammation. 

In  producing  localized  hyperaemia  one  must  keep  the 
two  types  of  liypersemia  separate,  as  their  therapeutic 
usefulness  is  very  different.  Active  or  arterial  hyper- 
cemia  is  regularly  seen  after  removal  of  an  Esmarch 
bandage  which  has  been  used  to  produce  ischa?mia.  The 
part  rapidly  becomes  bright  red  after  removing  the 
bandage.  "The  same  type  is  produced  by  active  use  of 
our  muscles,  by  massage,  and  by  the  use  of  electricity. 
Chemical  and  thermic  irritants  produce  this  arterial  hy- 
peraemia very  readily,  and  the  latter  is  particularly  use- 
ful as  a  therapeutic  means  of  producing  this  type  of 
hyperemia. 

Opposed  to  this  is  the  more  subtle  type  of  hyperaemia, 
the  passive  or  venous.  This  is  most  readily  produced  by 
constriction  of  the  return  circulation,  which  naturally 
produces  a  venous  engorgement  of  the  distal  parts. 
On  removing  the  constricting  bandage  a  more  or  less 
marked  active  or  arterial  hyperaemia  sets  in  and  takes 
the  place  of  the  previous  venous  hyperaemia.  Another 
practical  method  of  producing  this  hyperaemia  is  by  the 
use  of  dry  cups.  Here,  as  in  the  constriction  hyperaemia, 
the  venous  hyperaemia  may  not  be  the  only  type  pro- 
duced. Just  as  arterial  follows  venous  hyperaemia 
when  a  constricting  bandage  is  used,  so  under  the  cups 
there  may  be  a  combination  of  the  two  types  of  hyper- 
semia.     This  point  is  still  unsettled. 

It  is  of  great  interest  to  note  that  Bier  originally  be- 
gan to  use  artificial  localized  hyperaemia  in  the  treat- 
ment of  surgical  tuberculosis  in  the  early  nineties  of  the 
last  century.  His  attention  was  drawn  to  the  possibili- 
ties of  this  treatment  by  the  following  observations,  then 
generally  accepted : 

1.  That  the  lungs  were  regularly  the  seat  of  tubercu- 
losis, if  the  blood  supply  was  deficient,  e.g.,  in  pulmonary 
stenosis  the  patients  with  great  regularity  died  of  tuber- 
culosis of  the  lungs. 

2.  That,  in  acquired  heart  disease  leading  to  pulmo- 
nary congestion,  active  tuberculosis  rarely  was  found  in 
the  lungs.  If  venous  congestion  effected  so  much  in  the 
pulmonary  circuit.  Bier  reasoned  that  a  similar  condi- 
tion in  the  systemic  circulation  would  probably  lead  to 
an  equally  beneficent  result.  This  stimulated  him  to 
apply  the  constricting  bandage  in  tuberculosis  of  bones 
and  of  joints ;  this  marks  the  origin  of  his  work  with 
venous  hyperaemia.  It  is  evident  that  the  above  rea- 
soning is  not  faultless,  as  it  is  scarcely  probable  that  the 
blood  in  the  pulmonary  circuit  is  venous  in  character, 
except  in  the  larger  vessels  close  to  the  heart.  In  the 
capillaries  the  blood  rapidly  becomes  arterialized,  so 
that  the  diseased  areas  are  bathed  in  arterial  rather 
than  venous  blood.  Despite  the  fact  that  Bier's  super- 
structure was  thus  erected  on  a  faulty  deduction,  it  will 
be  evident  in  the  succeeding  pages  that  it  promises  much 
as  a  therapeutic  agent. 

In  general  Bier  ascribed  the  following  activities  to 
hyperaemia:  (a)  It  diminishes  pain;  (b)  it  is  bacteri- 
cidal and  works  as  a  diluent ;  (c)  it  hastens  resorption 
and  assists  in  absorption;  (d)  it  aids  nutrition;  (e)  it 
acts  mechanically  in  effecting  good  drainage. 

(a)  There  is  no  doubt  that  hyperajmia  has  a  marked 
effect  on  pain,  though  for  reasons  still  unclear  it  occa- 
sionally fails  to  diminish  it.  It  is  thought  that  the 
oedema  resulting  from  the  production  of  artificial  hy- 
peraemia works  much  as  Schleich's  infiltration  anss- 
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thesia.  At  the  same  time  the  oedema  dilute,?  the  con- 
centrated and  irritating  exudates  which  surround  the 
nerve  filaments.  Bier  has  called  attention  to  the  tact 
that  in  periostitis  of  the  jaw,  the  pain  ceases  as  soon  as 
the  cheek  swells,  and  fractures  in  an  extremity  cause  no 
pain  when  the  limb  becomes  swollen.  In  these  obser- 
vations, that  as  soon  as  marked  swelling  develops,  pain 
diminishes,  I  do  not  believe  all  surgeons  will  agree. 
Since  my  attention  was  first  drawn  to  this  contention 
some  years  ago,  I  have  noted  the  point  carefully  and 
failed  to  convince  myself  of  its  accuracy.  Still  there 
is  no  denying  the  fact  that  a  properly  applied  bandage 
producing  constriction  hyperaemia  will  very  frequently 
diminish  pain.  Both  arterial  and  venous  hypera?mia 
act  in  this  way. 

(6)  Hyperaemia  increases  the  local  bactericidal  powers 
and  dilutes  localized  poisons.  The  latter  action  is  the 
more  readily  understood.  It  is  well  known  that  what 
would  be  a  fatal  dose  of  a  poison  in  a  concentrated  so- 
lution, can  be  given  in  a  much  diluted  solution  without 
a  fatal  result.  The  oedema  engendered  by  the  constric- 
tion of  a  limb  dilutes  the  toxins  in  just  this  way,  while 
at  the  same  time  the  same  fluids  are  acting  as  bacteri- 
cidal solutions.  Colley's  experiments  go  to  show  that 
the  oedema  produced  in  an  infected  limb  is  much  more 
bactericidal  than  that  produced  in  the  same  way  in  a 
non-infected  limb.  This  property  of  the  serum  is  due 
to  a  great  variety  of  factors.  Hamburger  has  called  at- 
tention to  the  fact  that  oedema  fluid  is  more  bactericidal 
than  the  circulating  blood  plasma,  and  he  ascribes  this 
in  part  to  the  increased  CO2  and  alkali  content.  It  has 
also  been  shown  that  hypersemia  produces  a  local  in- 
crease in  leucocytes,  and  Heile's  work  demonstrating  an 
increased  excretion  of  purin  bases  can  be  best  explained 
by  a  rapid  breaking  down  of  large  numbers  of  leuco- 
cytes. It  has  also  been  shown  that  the  use  of  the  con- 
stricting bandage  raises  the  local  opsonic  index.  There 
can  be  no  doubt  as  to  this  bactericidal  effect  of  con- 
striction hyperaemia,  though  whether  all  bacteria  are 
aff'ected  equally  is  doubtful.  Clinical  experience  bears 
out  the  experimental  work  done  up  to  date.  How- 
much  of  the  bactericidal  and  of  the  diluent  effects  is 
produced  by  the  incomplete  stasis  in  the  veins  and  how 
much  by  the  same  condition  in  the  lymph  circulation, 
future  investigation  will  perhaps  demonstrate.  In  the 
past  the  effect  of  constriction  in  the  lymph  circulation, 
which  surely  is  affected  first  of  all  after  the  bandage  is 
applied,  has  been  almost  entirely  ignored.  My  clinical 
experience  forces  me  to  consider  this  an  important  ele- 
ment, especially  in  the  production  of  the  local  oedema 
and  in  the  marshalling  of  the  forces  that  develop  in  this 
bactericidal  fluid.  Venous  hypera;mia  is  particularly 
useful  m  combating  the  bacterial  invasions  and  is  there- 
fore used  instead  of  arterial  hyperaemia  in  localized  in- 
fectious processes. 

(c)  The  clinical  fact  that  hyperemia  aids  in  the  ab- 
sorption of  fluids  and  soluble  matter,  whether  these  be 
within  the  body  or  upon  its  mucous  surfaces,  was 
accepted  long  ago.  Klapp  has  shown  by  experiment 
very  recently,  that  arterial  hyperajmia  hastens  quite 
markedly  the  absorption  of  injected  lactose.  On  the 
other  hand,  venous  hyperemia,  so  long  as  the  bandage 
remains  in  place,  diminishes  local  absorption.  On  re- 
moval of  the  bandage  absorption  increases  markedly. 
Bier  doubts  whether  this  secondary  effect  takes  place  if 
the  constricting  bandage  is  in  place  for  many  hours  and 
consequently  employs  massage  to  aid  absorption 

Though  venous  hyperemia  is  not  capable  of  acceler- 
ating absorption  of  fluids  and  of  soluble  substances  still 
It  does  seem  to  have  a  distinct  absorptive  action  on  cer- 
tain pathological  lesions.  Bier  refers  to  cases  in  which 
this  form  of  hyperemia  has  led  to  the  absorption  of 
thickenings  in  and  about  loints,  of  thickenings  in  ten- 
dons, of  keloids,  etc.  In  ttis  particular  realm  it  is  wise 
to  reserve  judgment  until  better  evidence  is  at  hand 
Though  we  cannot  deny  that  in  acute  or  chronic  sup- 
purative processes  all  sorts  of  tissues  melt  away  as  a  re- 
sult of  the  disease,  still  in  Bier's  therapy  we  do  not 
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reproduce  the  condition  of  acute  or  of  chronic  in- 
flammation, but  only  one  symptom  of  this  process. 
Dissolution  of  tissues  in  inflammatory  conditions  is 
probably  due  to  some  obscure  activity,  perhaps  fermen- 
tative or  autolytic,  and  as  yet  the  proof  is  lacking  that 
simple  constriction  of  a  limb  leads  to  these  activities. 

Despite  these  theoretical  conditions  one  cannot  deny 
that  stiff  joints  improve  under  arterial  and  venous  hy- 
peraemia. The  explanation  of  the  process  is  by  no 
means  simple. 

(rf)  Another  activity  or  property  ascribed  to  hyper- 
emia is  the  nutritional.  Bier  bases  this  claim  upon  a 
great  variety  of  clinical  data  which  are  best  read  in  his 
monograph.  Regeneration  of  tissue  is  most  active  in 
inflamed  areas,  in  fact  it  is  usually  excessive,  and,  as  Bier 
believes,  here  venous  hyperaemia  dominates  the  field.  In 
the  growth  of  the  foetus  a  well-marked  venous  engorge- 
ment (hypercemia)  prevails  in  the  placental  channels. 
In  patients  suffering  from  femoral  vein  thrombosis  one 
frequently  sees  well-marked  thickening  of  the  extremity 
which  possibly  is  in  part  due  to  a  local  hypertrophy  re- 
sulting from  venous  obstruction.  That  this  thicken- 
ing is  not  due  to  deep  oedema  alone,  I  feel  sure  from  a 
case  of  bilateral  femoral  thrombosis  that  I  have  watched 
for  a  matter  of  a  dozen  years  since  the  thrombosis  de- 
veloped. The  observation  that  the  epidermis  becomes 
thickened  and  hairs  increase  in  number  near  chronic 
ulcers  points  to  a  distinct  nutritional  effect.  Arterial 
hyperemia  also  exerts  a  nutritional  effect  in  the  epider- 
mis, according  to  Bier.  On  the  other  hand,  chronic 
congestion  of  the  viscera  does  not  lead  to  increase  of  the 
connective  tissue  or  hyperplasia  of  the  parenchyma 
with  any  regularity.  The  latter  result  is  unknown, 
whereas  increase  of  the  connective-tissue  stroma  is  a 
moderately  frequent  result.  While  hyperaemia  appears 
to  have  no  nutritional  effect  on  the  viscera,  in  the  sense 
of  leading  to  excessive  growth  and  increased  size  of  the 
parenchyma.  Bier  claims  that  it  has  some  such  effect  on 
bones  and  connective  tissue  as  well  as  upon  the  epider- 
mis. Most  of  the  data  which  Bier  has  gathered  to  prop 
this  contention  are  scarcely  sufBciently  cogent  to  settle 
this  particular  point  as  to  the  nutritional  effects  of  ve- 
nous hyperaemia,  and  until  we  obtain  more  data  based 
on  more  modern  and  accurate  work  than  that  referred 
to  by  Bier,  here  again  it  will  be  well  to  reserve  judgment. 
On  the  other  hand,  arterial  hyperaemia  probably  does 
make  for  a  more  healthy  nutrition.  For  there  can  be 
no  doubt  that  improvement  in  the  peripheral  circula- 
tion will  frequently  lead  to  a  healing  of  ulcers  or  abort 
a  threatened  gangrene  in  diabetics  or  in  old  arterioscle- 
rotic patients. 

Until  exact  experimental  evidence  is  produced  show- 
ing that  a  constriction  bandage  will  actually  and  regu- 
larly lead  to  increase  in  growth  of  the  tissues  in  a  limb, 
and  until  patients  with  chronic  localized  cyanosis  show 
some  changes  due  to  forced  nutrition,  it  is  absolutely 
necessary  to  exercise  all  our  scientific  scepticism  as  to 
the  nutritional  value  of  venous  hyperaemia. 

(e)  To  any  one  who  hais  employed  either  constriction 
hyperaemia  or  suction  hyperaemia  it  is  surely  evident 
that  a  mechanical  irrigation  of  the  diseased  areas  must 
regularly  occur.  In  using  the  suction  cup  over  an  in- 
cised abscess,  the  most  perfect  and  complete  drainage 
is  induced.  The  pus  and  debris  are  rapidly  withdrawn 
and,  after  the  cavity  has  been  drained  of  these,  bloody 
serum  pours  into  the  cup.  The  latter  acts  as  an  anti- 
septic solution  and  washes  out  every  nook  and  corner 
of  the  infected  cavity.  In  addition  to  this  distinctly 
mechanical  effect  the  adjacent  tissues  under  the  cup 
become  cedematous  and  hyperaemic.  On  the  other 
hand,  the  constriction  bandage  above  an  inflammatory 
area  which  has  been  incised  leads  to  an  identical  result. 
It  produces  an  oedema,  and  this  fluid  is  poured  out  co- 
piously through  the  incision,  thus  thoroughly  irrigating 
the  diseased  tissues  from  within.  This  constant  flow 
from  within  outward  washes  out  all  the  pus  and  debris 
and  thoroughly  disinfects  the  involved  areas.  A  more 
ideal  method  of  irrigation  is  inconceivable,  and  though 
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I  would  not  attribute  the  good  results  of  Bier's  method 
■  to  this  factor  alone,  as  some  are  inclined  to  do,  still  I 
do  feel  confident  that  this  peculiar  activity  is  one  of  the 
most  important  and  beneficent  of  those  exerted  by  arti- 
ficially induced  venous  hyperaemia.     That  it  would  be 


FIG.  5172.— Hot  Chamber  tor  Both  Hips. 

an  exaggeration  to  say  that  this  is  the  sole  beneficent 
activity  of  hyperaemia  will  be  self-evident  to  any  one 
who  has  treated  non-incised  cases  and  effected  a  cure 
without  making  use  of  these  mechanical  principles  that 
make  for  perfect  drainage. 

This  most  evident  activity  Bier  has  not  emphasized 
as  much  as  it  deserves,  which  probably  explains  the 
zeal  with  which  some  have  seized  upon  this  as  the  im- 
portant process  underlying  artificially  induced  venous 
hypersemia. 

Technique  of  Application. — Arterial  hyperaemia  is  pro- 
duced by  the  use  of  heat,  in  the  form  either  of  hot  air 
or  of  hot  applications.  As  both  methods  are  well  known 
to  the  profession,  this  phase  of  the  subject  can  be  treat- 
ed briefly.  Bier  has  employed  the  skill  of  Eschbaum,  a 
local  instrument  maker,  to  perfect  a  great  variety  of  hot- 
air  boxes  which  are  so  modelled  that  they  fit  on  most  of 
the  surfaces  of  the  body.  (See  Figs.  5172  and  5173.) 
Large  boxes  with  vertical  slits  have  been  constructed 
to  permit  of  hot-air  applications  to  the  spinal  column. 
Other  boxes  have  been  made  so  as  to  encompass  the 
pelvis  and  both  hip  joints.     Smaller  boxes  are  on  the 


Fig.  5173.— Hot  Chamber  for  the  Shoulder. 


market  lor  applications  to  the  extremities.  The  open- 
ings in  these  boxes  are  lined  with  heavy  material  which 
prevents  undue  escape  of  the  heated  air.  A  similar  re- 
sult can  be  obtained  by  surrounding  the  parts  of  the 
body  that  lie  in  the  openings  of  the  box  with  heavy  felt. 
The  air  is  heated  before  entering  the  box  by  means  of 


a  gas  or  alcohol  flame  which  is  placed  below  the  funnel 
tube  that  connects  with  the  interior  of  the  box.  A 
thermometer,  so  placed  within  the  box  that  it  can  be 
read  without  opening  the  same,  will  aid  in  controlling 
the  temperature  to  which  the  exposed  part  is  sub- 
jected. Marked  active  hyperasmia  develops  between 
80°-120°  C.  (176°-248°  F.).  Though  many  prefer  to 
surround  the  exposed  part  with  cotton  or  flannel,  Bier, 
despite  the  fact  that  he  admits  that  this  diminishes  the 
'danger  of  burning  the  patient,  has  given  it  up.  He 
thinks  these  enveloping  materials  become  moist  and 
thus  prevent  a  marked  arterial  hypera-mia.  It  is  wise, 
however,  to  place  pieces  of  flannel  between  opposed 
skin  surfaces  so  that  no  burns  occur. 

To  obtain  a  more  localized  action  and  where  these 
hot-air  boxes  cannot  be  applied,  e.g.,  the  face,  a  great' 
variety  of  hot-air  douches  are  used.  Bier  employs  for 
this  purpose  a  simple  machine  (Fig.  5174)  which  is  so 
protected  that  it  can  be  moved  about,  permitting  the  op- 
erator or  patient  to  throw  the  stream  of  hot  air  in  dif- 
ferent directions.  This  instrument  resembles  the  chim- 
ney of  his  hot-air  boxes  and  is  well  shown  in  the  accom- 


FiG.  5174.— Hot-air  Douche  Applied  lor  Sciatica. 

panying  figures  together  with  several  of  his  hot-air 
boxes. 

Much  difference  of  opinion  as  to  the  duration  of  each 
treatment  prevails.  In  some  cases  short  applications 
(of  ten  minutes)  are  indicated,  in  others  longer  applica- 
tions up  to  an  hour  or  an  hour  and  n  quarter  might  be 
more  useful.  In  general  short  treatments  are  used 
where  there  is  danger  of  gangrene  or  where  many  joints 
are  treated  each  day.  Longer  treatments  are  used  in 
chronic  conditions,  such  as  rheumatic  joints. 

The  use  of  hot  fomentations  is  so  general  that  it 
need  not  be  entered  into  here.  They  produce  hyper- 
a?mia  just  as  hot  air  does  and  by  virtue  of  this  action 
accomplish  much  that  is  beneficial. 

To  produce  venous  hyperaemia,  for  most  cases  a  less 
expensive  armamentarium  will  suffice.  The  development 
of  part  of  this  field  is  due  to  the  ingenuity  of  Klapp, 
who  deserved  great  credit  for  his  important  work  along 
the  lines  of  suction  hyperaemia. 

Suction  Hypercemia  is  induced  by  the  aid  of  a  variety 
of  glass  cups  (Figs.  5175-5182)  which  are  of  various 
shapes  and  sizes,  permitting  their  ready  application  to 
different  surfaces.  The  smaller  cups  are  fitted  with 
hand  bulbs,  whereas  the  larger  cups  require  a  hand 
pump  to  produce  the  necessary  rarefaction  within  the 
cup.  In  the  treatment  of  most  cases  the  smaller  cups 
are  perfectly  adequate,  but  in  the  treatment  of  more 
extensive  inflammatory  foci  very  large  cups  are  re- 
quired (Fig.  5182).  Especially  large  cups  are  made 
for  treatment  of  inflammatory  conditions  of  the  breast 
and  hand.  In  cases  of  stiff  joints,  where  the  whole  arm 
or  knee  is  exposed  to  this  type  of  hyperaemia  for  ortho- 
pedic exercises,  expensive  apparatus  is  necessary  (Figs. 
5183-5185).  All  these  cups  are  made  by  Eschbaum 
and  are  now  to  be  had  in  New  York  City. 
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As  the  .suction  in  infiammatoiy  cases  draws  out  pus, 
bacteria,  etc.,  the  cups  are  very  regularly  contaminated. 
Cups  such  as  shown  in  Fifts.  5176  to  518 i  are  designed  to 
prevent  the  entrance   of   infectious  materials   into  the 


olT.i. 


rubber  ball  or  rubber  tubing.  The  cups  must  be  kept 
clean  by  boiling  or  Ijy  use  of  antiseptic  solutions.  In 
using  the  very  large  vacuum  glasses  for  orthopedic  pur- 
poses natjirally  no  such  measures  are  necessary,  as  these 
cups  are  not  contaminated.  They  are  not  employed  in 
the  treatment  of  inflammator}'  diseases,  but  are  appar- 
ently of  use  in  .stretching  stiffened  joints  and  adherent 
tendons  by  virtue  of  the  pressure  exerted  by  the  at- 
mosphere.    This  is  most  clearly  seen  in  Fig.  5185. 

C>n  the  other  hand,  venous  hyperipmia  produced  by 
constriction  requires  very  little  in  the  way  of  appliances. 


riG.  51' 


A  thin  rubber  bandage  suffices  for  all  extremity  cases 
except  the  most  proximal  parts.  In  the  hip  there  is  no 
way  of  producing  this  type  of  hyperajmia;  whereas  in 
the  shoulder  joint,  as  shown  in  Fig.  5187,  a  rubber  tube 
must  be  employed.  To  produce  hypera-mia  distal  to 
the  neck  elastic  webbing  is  used.  These  neck  bands  are 
so  arranged  with  hooks  and  eyes  that  their  tension  can 
be  readily  regulated.  It  is  evident  that  this  useful  type 
of  hypera-mia  can  be  employed  without  any  great  ex- 
pense, and  for  the  benefit  of  those  who  wish  to  try  this 
new  therapeutic  agent  I  can  say  with  perfect  honesty 


that  they  need  not  purchase  at  once  a  great  variety  of 
suction  cups;  a  few  sizes  and  sliapes,  r.ij.  s\icli  as  are 
represented  by  Figs.  5175,  5180,  5182,  and  a  Martin's 
rubber  bandage,  two  and  one-half  inclies  in  width,  will 
■suffice  to  begin. 

Technique    oj   Sveliim   Jlypenrniia .~M\cr    niakiii"-    a 
small  incision  provideil  pus  is  present  (and  gently  squeez- 
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ing  this  out*)  the  cup  is  applied.     Two  cardinal  rules 
must  be  followed.     The  application  of  the  cup  must  be 
painless  and  intermittent.     If  the  suction  is  extreme  it 
causes  pain  and  damages  the  tissues.     In  acute  inflam- 
matory   conditions  the   suction  should 
regularly    be   mild,    whereas    in     more 
chronic    conditions,  especially  over    si- 
nuses, one  may  exert  considerable  suc- 
tion.    Pain  on  the   part  of  the  patient 
is  an   indication   of   faulty  application. 
Subcutaneous    hemorrhages    about    the 
diseased  focus  are  another  sign  of  faulty 
technique.      Just   as   important  as  the 
observation  of  painless  application  is  the 
intermittent    suction.      Suction    should 
not    be    continuous.     There   should    be 
intermissions    every   four   or   five  min- 
utes, and  then  suction  again  for  four  or 
five    minutes    after   a   two-    to    three- 
minute  pause.     This  routine  is  kept  up 
for  forty  to  forty-five  minutes,  and  the 
whole  constitutes  one  treatment.     Such  a  treatment  may 
be  given  once  or  twice  a  day.     It  is  frequently  advisable 
to  grea.sc  the  edge  of  the  cup  with  sterile  vaseline  so  that 
the  cup  takes  better  hold  on  the  skin.     The  cups  that 
are  u.sed  for  the  fingers  (Fig.  5181)  or  for  the  hands  are 
supplied  with  a  ruliber  cuff  which  must  be  made  to  en- 
close the  more  distal  part  snugly  to  permit  of  the  pro- 
duction of  a  rarefaction  of  the  air  in  the  cup.     While 
the  cup  is  drawing  on  the  exposed  part,  the  latter  be- 
comes hypera='mic  and  swells.     It  projects  into  the  glass. 
The  circulation  of  the  exposed  tissues  becomes  sluggish. 
The  incised  focus  of  the  sinus  discharges  more  or  less 
freely.     (Jn  remo\-ing  the  cup,  which  is  done  gently  by 
squeezing  the  rubber  bulb  together  or  by  allowing  air  in 


Fig.  3180. 


Fig.  5181. 


by  the  .stopcock,  the  exposed  part  has  an  opportunity 
to  regain  a  more  normal  circulation.  Fresh  blood 
pours  into  it  and  .some  of  the  artificial  cedema  disap- 
pears. After  a  short  pau.sc  suction  is  again  applied,  and 
so  on  till  tlic  treatment  is  concluded. 

To  make  the  technique  absolutely  clear  I  will  briefly 
narrate  three  cases  that  were  treated  by  this  suction 
method.  These  will  illustrate  more  graphically  just 
how  to  use  the  cups  and  at  the  same  time  show  some  of 
the  advantages  of  suction  hypera?mia. 

Cask  I. — F.,  35  years.  For  one  week  the  patient  has 
had  a  painful,  red  swelling  on  outer  side  of  forearm.  This 
has  gradually  grown  in  size.  When  I  first  saw  it  it 
measured  about  one  and  one-half  inches  in  diameter 
and  Huctvuiteil.  Diagnosis:  Abscess.  After  selecting 
a  propei-ly  shaped  cup  which  would  encompass  the  whole 


*  Hier   .idvise; 

eitlu'T-  ill  ..iuctioi  __ ^ 

excellent  drainage  and  painless  evacuation  o'Ftheinflamed'foci." 


pressing   out    tlie   pus,  which   is   not   necessary 
r  in  constriction  hypera'niia,  as  both  make  for 
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area  of  inflammation,  I  made,  under  local  anesthesia,  a 
one-half-ineh  incision  over  the  middle  of  the  abscess  and 
at  once  applied  moderate  suction  hypera>mia,  without 
producing  any  pain.     Large  quantities  of  pus  and  of 


Fig.  5183. 

blood  discharged  into  the  cup,  and  after  four  or  five  min- 
utes' suction  the  cup  was  removed.  After  two  or  three 
minutes'  rest  the  cleaned  cup  was  reapplied  as  at  first 
and  more  pus  and  blood  discharged.  The  adjacent  skin 
became  deep  red  in  color  and  the  whole  area  became 
turgid  with  congested  blood.  After  four  or  five  min- 
utes' suction  another  period  of  rest  and  then  suction 


FIG.  5183.— Orthopedic  Apparatus  tor  Producing    HyperaBoila   and 
Forced  Dorsal  Flexion  in  Ankle  Joint. 

again.  After  doing  this  for  forty  to  forty-five  minutes, 
suction  no  longer  withdrew  pus  and  the  small  incision 
was  choked  with  blood  clot.  The  arm  was  then  dressed 
with  a  wet  dressing,  no  drain  being  used.  The  patient 
declared  that  after  all  the  manipulation  her  arm  felt 
much  better  and  almost  all  the  pain  had  left.  As  the 
patient  was  sufficiently  intelligent  to  make  proper  use 


FIG    5184.-Orthopedic  Apparatus  lor  Producing   HyperiEinia  and 
Forced  Flexion  of  Knee  Joint. 

of  the  cup  I  gave  her  the  cleaned  cup  to  apply  as  I  had 
done.  She  employed  it  that  evening,  and  returned  to 
me  next  day  for  the  third  treatment,  which  was  scarcely 
required  Almost  all  signs  of  inflammation  had  disap- 
peared.    There  was  very  little  tenderness  or  redness. 


The  swelling  had  gone  down.  There  was  no  pus.  For 
safety's  sake  I  gave  her  one  more  treatment  and  applied 
a  light  wet  dressing.  In  this  case,  within  thirty-six 
hours  after  the  incision,  the  inflammatory  focus  had 
practically  disappeared  without  causing  the  patient  any 
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FIG.  5186. 


Fig.  5185.— Orthopedic  Apparatus  for  Hypersemization  and  Stretching 
ol  Knee  Joint. 

of  the  usual  pain  incidental  to  the  older  methods  of 
treatment  by  broad  incision  and  packing.* 

Case  II. — F.,  20  years.  Three  days  previous  had 
been  manicured.  Since  then  painful,  red  swelling  about 
nail,  especially  over  the  matrix.  Since  this  morning 
there  was  a  slight  dis- 
charge of  pus  from  be- 
low the  cuticle.  Diag- 
nosis :  Paronychia.  As 
the  focus  was  discharg- 
ing, I  immediately  be- 
gan to  employ  suction 
hyperemia  without  in- 
cising, using  the  cup  rep- 
resented in  Fig.  5181. 
The  same  technique 
was  employed  as  in  the 
previous  case.  Some 
pus  and  bloody  serum 
discharged.  The  finger 
became  red  with  the 
slightest  tinge  of  blue. 
The  next  day  and  the 
day  following  I  used  the 
cup  again,  bandaging  the  finger  with  a  wet  dressing  be- 
tween treatments,  and  by  that  time  the  infection  was 
controlled  and  the  patient  was  discharged.! 

Case  III.^M.,  15  years.  Has  sinus  over  head  of 
tibia  following  operation  for  supposed  tuberculosis  of 
the  bone.  The  sinus,  which 
was  one  and  one-half  inches 
long,  did  not  lead  to  bare 
bone.  Diagnosis :  Post-op- 
erative sinus.  After  greasing 
the  lips  of  the  small  sinus  cup 
with  sterile  vaseline  to  assist 
in  gaining  proper  apposition, 
the  treatment  as  above  out- 
lined was  carried  out.  Suc- 
tion was  applied.  Serum  and 
blood  escaped  into  the  cup 
and  the  granulations  became 
turgid.  After  one  such  treat- 
ment the  sinus  was  closed  so 
that  when  seen  two  days 
later  no  further  suction  ther- 
apy was  necessary. 

in  the  use  of  the  very  large  cups  for  orthopedic  pur- 
poses Bier  gives  less  explicit  rules.  The  pa,rt  to  be  ex- 
err-ised  or  stretched  is  first  made  hypersemic  and  alter 
this  i"  thoroughly  done  the  air  is  rarefied  even  more,  the 
degree  of  rarefaction  required  being  tested  on  one  s  own 

*  Other  illustrative  cases  similar  to  this  can  be  found  in  my 
paper  in  the  Medical  Record,  August  25th,  1906, 

tin  some  hand  cases  large  hand  cups  are  very  useful  in  pro 
ducing  hyperemia. 

649 


Hyperseinla, 
Hyperseinia. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


arm,  or  other  part  first,  or  by  close  scrutiny  of  the  patient  s 
limb.  The  atmospheric  pressure  forces  the  limb  into 
the  vacuum;  as,  for  instance,  in  the  case  of  a  plantar- 
flexed  foot  the  pressure  would  force  the  extremity  against 
the  glass  base  and  thus  stretch  the  involved  parts,  grad- 
ually extending  the  foot  further  and  further,  until  pain 
becomes  too  severe  or  complete  extension  has  been  ob- 
tained. The  same  process  of  stretching  is  carried  out 
in  this  way  in  the  knee,  wrist,  elbow,  and  finger  joints 
with  the  proper  appliance.  Special  instruments  with 
spiral  groove  and  fitted  with  a  hand  piece  to  develop 
supination  and  pronation  are  warmly  recommended  by 
Bier. 

Technique  of  Constriction  Hyperamia. — Though  the 
constricting  bandage  has  been  used  a  great  deal,  the 
exact  application  of  it  is  still  difficult.  Henle  tried  to 
simplify  the  technique  by  using  a  rubber  tube  connected 
with  a  manometer.  This  can  be  applied  to  produce  the 
.same  pressure  each  time  after  one  has  determined  the 
pressure  one  desires  in  the  particular  case.  Bier  finds 
this  useful  in  difficult  cases.  As  a  rule,  a  thin  rubber 
Martin's  bandage  suffices.  This  is  applied  over  a  piece 
of  gauze  or  directly  to  the  skin,  one  fold  of  the  bandage 
overlapping  the  other.  The  end  of  the  bandage  is  fixed 
with  a  safety  pin.  The  exact  tension  of  the  bandage  is 
best  studied  on  one's  own  arm.  Such  a  preliminary 
study  prevents  many  awkward  experiences  for  the 
physician  and  many  painful  moments  for  the  patient. 

Though  Bier  does  not  specify  accurately  that  these 
constricting  bandages  are  applied  differently  in  chronic 
and  in  acute  conditions,  still  his  reference  to  the  treat- 
ment of  tuberculosis,  and  my  own  extensive  experience 
with  his  methods,  have  led  me  to  use  firm  constriction 
in  the  more  chronic  cases  and  mild  constriction  in  acute 
cases. 

The  technique  is  very  similar,  though  much  more  dif- 
ficult in  the  acute  cases.  The  bandage  is  wrapped  about 
the  limb  proximal  to  the  diseased  part,  as  described 
above,  and  the  tension  is  regulated  by  the  subjective 
and  objective  symptoms.  In  chronic  cases  the  bandage 
is  applied  firmly  until  the  veins  stand  out  and  the  part 
distal  to  the  constriction  becomes  reddish  blue  in  color. 
Such  an  application  should  not  produce  a  mottling  of 
the  skin,  nor  an  appearance  of  dull-red  spots.  It  should 
not  cause  pain,  only  a  sensation  of  fulness  of  the  en- 
gorged part.  After  forty-five  minutes  to  an  hour  the 
patient  may  have  some  parsesthesia.  In  chronic  cases, 
treated  with  firm  application  of  the  bandage,  a  treat- 
ment should  last  only  forty-five  minutes  to  an  hour. 
If  the  proper  degree  of  constriction  is  not  obtained  the 
bandage  must  be  loosened  or  tightened  as  the  case  may 
be.  The  pulse  should  never  be  affected.  After  remov- 
ing a  bandage  applied  in  this  way,  the  limb  becomes 
bright  red,  and  arterial  hyperasmia  sets  in.  This  reac- 
tion, whatever  may  be  its  physiology,  whether  due  to  a 
vasomotor  paresis  or  to  a  specific  "  tissue  thirst  " 
(Bier),  I  believe  is  most  important  in  the  treatment  of 
chronic  cases.  As  yet  it  has  received  very  little  atten- 
tion. 

As  said  above,  the  application  of  the  bandage  in  acute 
cases  is  in  many  respects  similar  to  that  in  chronic  cases 
The  bandage  is  applied  very  lightly  so  as  to  produce  a 
mild  venous  congestion  and  oedema  of  the  distal  part 
If  a  cellulitis  IS  being  treated  such  a  bandage  properly 
applied  produces  an  exaggeration  of  all  the  local  signs 
of  inflammation,  up  to  the  production  of  an  intensely  red 
"  fiery  red  "  oedema.  The  part  never  should  be  as -blue  as 
m  the  chronic  cawes,  though  occasionally  there  may  be  a 
tinge  of  blue  in  the  deep-red  coloration.  This  bandage 
should  not  cause  pain,  and  usually  relieves  it.  It  remains 
in  place  for  ten  to  twc'nty  hours  at  a  time,  producing  a 
marked  swelling  of  the  limb,  and  during  the  intei-vals 
between  applications  two  to  four  hours  daily  the  cedema 
is  allowed  to  subside,  elevation  and  ma.ssage  (raroly)  being 
employed  to  assist.  It  must  lie  remembered  that  the 
fiery-red  reaction  in  acute  cases  becomes  less  and  less 
marked  as  the  focus  of  inflammation  is  controlled 
This  lessening  of  the  reaction  is  indicative  of  impr(>\e- 


ment,  and  if  it  fails  to  take  place  Bier  says  an  abscess 
that  should  be  incised  is  present. 

As  the  bandage  remains  in  place  in  most  acute  cases 
for  ten  hours,  in  severer  cases  twenty  hours,  at  a  time, 
naturally  its  position  must  be  shifted  at  successive  ap- 
plications to  avoid  pressure  sores  and  atrophy  of  the 
deeper  parts  (muscles) .  It  is  advisable  to  select  two  levels 
and  to  apply  the  bandage  first  at  one  and  then,  after 
the  pause  between  applications,  at  the  other.  If  the 
second  application  be  made  distal  to  the  first  the  band- 
age will  have  to  be  tightened  repeatedly  as  the  oedema 
caused  by  the  first  application  disappears. 

Another  point  to  bear  in  mind  is  that  the  applica- 
tions are  gradually  shortened  as  the  cure  progresses. 
Sudden  cessation  of  treatment  may  lead  to  a  recrudes- 
cence of  the  trouble,  so  that  it  is  well  to  keep  up  the 
treatment  for  several  days  after  the  signs  of  inflamma- 
tion have  subsided. 

Although  in  some  cases  the  proper  application  of  the 
constricting  bandage  may  effect  a  cure  without  incision, 
it  is  advisable  to  make  small  openings  into  all  pus  foci 
before  commencing  hyperaemia  treatment.  Whenever 
there  is  pus  it  should  be  evacuated  by  incision.  The  in- 
cisions, however,  should,  as  a  rule,  not  be  drained. 
Gauze  drains  should  never  be  used.  Occasionally  rub- 
ber tubes  are  needed  to  keep  the  incisions  wide  open 
and  to  permit  of  the  proper  drainage  of  the  artificial 
transudate  into  the  dressing.  In  treating  acutely  in- 
flamed parts  with  constriction  hypersemia,  many  fail  to 
get  good  results  because  the  part  that  is  diseased  is 
bandaged  so  firmly  that  an  artificial  oedema-hyperEemia 
cannot  be*  produced.  The  best  and  simplest  method  of 
enveloping  the  treated  part  is  without  a  bandage.  The 
limb  is  covered  with  gauze  and  the  whole  is  then  sur- 
rounded with  a  towel  that  is  pinned  together  without 
exerting  any  pressure  on  the  diseased  tissues.  If  the 
area  has  been  incised  a  voluminous  dressing  will  be  re- 
quired to  soak  up  all  the  discharge,  which,  as  said  above, 
is  markedly  increased  under  this  therapy.  In  such 
cases  as  the  latter,  it  is  advisable  to  give  the  patient 
plenty  of  fluid  to  take  the  place  of  all  that  is  washed 
out  through  the  incisions. 

In  the  more  acute  cases,  after  removal  of  the  bandage 
the  products  of  the  local  inflammation,  toxins,  etc.,  may 
be  swept  into  the  general  systemic  circulation  and  lead 
to  constitutional  symptoms  which  were  not  manifest 
while  the  bandage  was  in  situ.  Chills,  increase  in  tem- 
perature, headache,  malaise  develop  occasionally.  Se- 
vere or  dangerous  intoxication  or  sepsis,  as  dreaded  by 
Lexer,  I  have  not  seen.  The  opinion  of  those  who  are 
using  this  constriction  hyperaemia  is  gradually  coming  to 
the  standpoint  that  I  emphasized  almost  two  years  ago. 
All  chronic  cases  that  are  treated  with  short  applica- 
tions may  be  so  treated  in  the  office  or  in  the  dispensary; 
whereas  all  cases  that  require  protracted  application 
must  be  carefully  supervised  and  should  be  in  hospital. 

To  illustrate  the  application  of  constriction  hyper- 
emia I  will  cite  several  cases  both  chronic  and  acute. 

Case  IV. — M.,  15  years.  Had  been  operated  upon  for 
acute  osteomyelitis  of  the  tibia.  The  wound  haci  never 
healed,  and  as  bone  was  felt  at  the  bottom  of  the  sinus 
another  operation  was  performed  to  remove  the  dead  tis- 
sue. After  this  a  sinus  persisted  for  many  months  over 
the  head  of  the  tibia,  and  exposed  bone  was  felt  at  the 
bottom  of  the  sinus.  At  this  stage  I  began  treating  with 
constriction  hypera?mia,  using  firm  constriction  for 
forty-five  minutes,  three  times  a  week.  The  bandage 
was  applied  to  the  thigh  just  above  the  patella,  and  the 
leg  was  left  exposed.  The  bandage  was  applied  tight 
enough  to  produce  a  reddish-blue  coloration  of  the  leg 
without  causing  pain.  Toward  the  end  of  the  treat- 
ment the  patient  complained  of  numbness  in  his  toes. 
W'liilo  the  bandage  was  in  place,  the  discharge  from  the 
sinus  increased.  After  remo\-al  of  the  bandage  the  leg 
became  bright  red.  The  sinus  was  dressed  with  a  wet 
dressing.  No  drain  was  used.  Under  this  therapy  the 
sinus  gradually  closed  and  in  a  month  or  so  no  evidence 
of  diseased  bone  was  recognizable. 
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Case  V. — F.,  60  years,  had  fallen  from  a  ladder  and 
received  a  compound  fracture  of  her  ankle,  Pott's  fract- 
ure. This  became  infected  and  was  operated  upon  several 
times,  pus  being  evacuated  and  bone  removed.  After 
four  months  of  daily  dressings  with  drainage  the  patient 
came  to  me.  She  had  severe  pain  in  her  ankle  and  leg. 
She  had  no  use  of  her  foot,  though  its  position  was  sat- 
isfactory. There  was  very  little  motion  in  the  ankle 
joint.  Sinuses  ran  down  to  the  bone  from  all  four  as- 
pects of  the  joint.  There  was  chronic  thickening  with 
oedema  of  the  ankle  and  foot.  Drains  were  immediate- 
ly discontinued  and  a  firm  constriction  bandage  was  ap- 
plied, twice  daily,  for  forty  minutes  about  the  thigh. 
This  produced  a  marked  venous  congestion  and  induced 
freer  drainage  from  the  tortuous  sinuses.  Pain  rapidly 
disappeared  and  motion  in  the  joint  became  freer. 
Gradually  the  sinuses  closed  after  discharging  several 
particles  of  dead  bone.  Daily  hot  foot  baths  aided  in 
hastening  the  absorption  of  the  infiltrating  oedema 
about  the  ankle.  Within  six  weeks  of  the  beginning  of 
treatment  the  anlile  had  assumed  much  more  normal 
outlines,  pain  had  ceased,  fair  motion  had  been  restored, 
all  but  one  of  the  sinuses  had  closed,  and  the  patient 
was  begirming  to  walk  on  her  foot. 

These  cases  illustrate  the  use  of  artificial  venous 
hyperajmia  in  which  the  bandage  is  applied  firmly.  In 
the  treatment  of  tuberculosis  of  bones  and  joints,  in 
endeavoring  to  stimulate  callus  formation  in  pseud- 
arthrosis,  etc.,  this  type  of  hyperajmia  is  employed. 

Case  VI. — M.,  40  years.  No  history  of  injury.  De- 
veloped an  acute  painful  swelling  of  right  knee.  Knee 
joint  was  full  of  fluid  and  very  tender.  Temperature 
104.5°  and  pulse  120-126.  Aspiration  of  the  knee  joint 
removed  a  thin  purulent  fluid  which  contained  strepto- 
cocci as  shown  in  spread  and  in  culture.  A  mild  appli- 
cation of  the  rubber  bandage  on  the  middle  of  the  thigh 
was  begun  at  once.  The  bandage  was  tightened  until 
the  leg  became  red.  It  was  left  in  place  for  twenty 
hours  at  a  time  and  a  massive  oedema  developed.  Dur- 
ing the  four  hours  that  the  bandage  was  off,  the  leg  was 
elevated  and  much  of  the  oedema  disappeared.  Durmg 
this  period  the  patient's  temperature  gradually  rose 
and  then  fell  a  little  as  the  bandage  was  reapplied  at 
another  level.  For  several  days  the  bandage  was 
employed  for  twenty  hours  at  a  time,  and  then  the 
periods  were  shortened  as  it  became  evident  that  the 
therapy  was  proving  effective.  Evidence  of  this  was 
furnished  by  the  gradual  lytic  fall  of  the  temperature 
and  the  diminution  of  pain  and  of  tenderness.  In  the 
course  of  two  weeks  the  temperature  became  normal, 
and  the  knee  was  freely  movable  though  still  somewhat 
distended  with  fluid.  It  is  interesting  to  relate  that, 
though  the  inflammatory  condition  in  the  knee  joint 
cleared  up  so  completely,  two  abscesses  developed 
above  the  joint  leading  down  to  the  fascia  lata. 
These  were  small  foci  and  in  no  wise  connected  with 
the  joint.  Judging  from  their  situation,  I  suspect 
they  were  occasioned  by  the  pressure  of  the  rubber 
bandage.  This  is  all  the  more  striking  as  it  is  difhcult 
to  understand  why  the  hypera;mia  cures  the  original 
focus  and  still  does  not  prevent  such  a  complication  as 
the  above  in  the  hypersemic  area.  After  incision  these 
small  abscesses  closed,  and  in  less  than  a  month  the 
patient  was  discharged  with  a  perfect  limb. 

Case  VII.— M.,  13  years.  Shot  three  days  prior  to 
admission,  bullet  entering  skin  over  left  knee  joint. 
Pain  swelling,  tenderness,  impaired  function,  and  fever 
developed.  When  brought  to  the  hospital  the  patient 
had  a  temperature  of  103°  and  all  the  signs  of  an  infected 
knee  joint  full  of  fluid.  The  joint  was  opened  by  two 
lateral  incisions  and  a  large  quantity  of  pus  was  evacu- 
ated The  bullet  was  found  in  the  intercondylar  area. 
The  capsule  of  the  joint  was  closed  on  both  sides  except 
for  two  small  openings  at  which  rubber  tubes  were  sewn 
in  place  The  skin  was  closed  similarly  except  at  the 
site  of  the  drainage  tubes.  An  ample  dry  dressing  was 
loosely  applied  and  Bier's  hyperaemia  was  immediately 
instituted      The  bandage  was  applied  lightly,  ten  hours 


on  and  two  hours  off,  then  on  again.  The  discharge 
was  copious,  and  after  two  days  active  and  passive 
motion  was  begun.  This  assisted  in  expelling  the 
transudate  that  continuously  collected  in  the  joint  and 
ballooned  the  cavity.  After  three  days  the  tubes  were 
removed  and  the  same  therapy  continued,  gradually 
cutting  down  the  periods  of  constricting  hyperasmia,  so 
that  within  a  week  the  patient's  temperature  was  prac- 
tically normal,  and  within  three  weeks  the  patient  was 
discharged  with  a  normal  knee  joint. 

Case  VIII. — M.,  20  years,  had  been  ill  for  almost  a 
week  with  very  marked  swelling  of  the  left  leg  up  to 
the  knee.  There  was  fluctuation  in  the  calf  on  the  outer 
and  inner  sides.  Here  small  incisions  were  made  and 
over  a  pint  of  pus  was  evacuated  from  the  abscess,  which 
extended  from  the  popliteal  space  to  the  os  calcis. 
After  drainage  tubes  had  been  placed  in  the  incisions  to 
keep  them  wide  open  and  a  loose  dressing  had  been  ap- 
plied, hypera;mia  of  the  mild  constrictive  type  was  at 
once  begun.  A  marked  red  oedema  developed  under 
the  bandage,  which  was  used  as  in  Case  VII.,  ten  hours 
on  and  two  hours  off.  The  drainage  was  astonishing. 
The  tubes  were  rapidly  shortened,  and  as  the  local  con- 
ditions improved  the  treatments  were  shortened.  In 
less  than  three  weeks  the  patient's  huge  abscess  ca^'ity 
had  completely  closed  and  the  leg  was  a  normally  useful 
member. 

These  last  three  cases  will  demonstrate  in  a  general 
way  the  method  of  employing  this  type  of  hyperemia. 
The  main  points  in  technique  that  they  emphasize  are : 
(a)  Light, 'painless  application  of  the  bandage  so  that 
the  part  becomes  oedematous  and  red — looks  more  in- 
flamed than  before ;  (6)  Incisions  where  there  is  pus ; 
UO  Loose  and  copious  dressings;  {d)  Gradual  shorten- 
ing of  the  periods  of  treatment;  (e)  Tube  drainage 
only  if  necessary  to  make  incisions  gape. 

Before  discussing  the  advantages  and  the  various  crit- 
icisms of  these  methods,  that  are  grouped  under  the 
name  of  Bier's  hyperaemia,  it  is  essential  that  an  analy- 
sis be  made  of  the  various  conditions  in  which  these 
types  of  hyperajmia  have  been  used.  The  total  number 
of  treated  cases  is  naturally  beyond  computation,  as  so 
many  are  using  the  method.  A  review  of  the  condi- 
tions in  which  hypera;mia  has  been  used,  with  a  descrip- 
tion of  the  results  obtained,  naturally  must  precede  a 
discussion  of  the  relative  advantages  of  these  over  other 
methods. 

Arterial  Hyperoemia  is  particularly  useful  m  condi- 
tions associated  with  or  due  to  poor  local  circulation. 
As  it  relieves  pain  and  assists  absorption,  it  is  also  used 
when  these  activities  are  required. 

Neuralgia.  The  use  of  heat  is  an  old  household  rem- 
edy in  various  types  of  severe  pains,  and  the  hot-air 
douches  are  an  effective  method  of  employing  heat. 
These  are  employed  in  all  types  of  neuralgia,  e.g.,  facial, 
sciatic,  and  they  undoubtedly  bring  relief  and  occasion- 
ally they  may  cure.  How  often  they  effect  a  perma- 
nent result  cannot  be  said  with  any  accuracy. 

Chronic  Rheumatism.  The  use  of  superheated  air  in 
this  condition  is  a  well-recognized  therapeutic  agent,  and 
there  can  be  no  denying  its  beneficial  action  even  if  it 
does  not  regularly  prove  effective.  This  method  of 
treatment  in  such  cases  obtains  almost  everywhere.  In 
this  condition  the  artificial  hypera?mia  leads  to  absorp- 
tion as  well  as  to  relief  of  pain.  Bier  emphasizes  the 
fact  that  if  many  joints  are  treated,  each  joint  should  be 
exposed  a  short  time,  or  the  worst  joints  should  be  se- 
lected and  treated  for  thirty  minutes;  for  very  pro- 
tracted treatments  of  each  joint  are  liable  to  lead  to  con- 
stitutional effects,  neurasthenia,  anaemia,  and  general 
enfeeblement.  After  using  this  therapy  for  several 
weeks  or  months  it  is  discontinued,  and  for  one  toi  tour 
weeks  the  joints  are  enveloped  each  night  in  wet  dress- 
ings or  in  irritating,  hyperajmia-inducing  fomentations. 
Bier  prefers  constriction  hypera?mia  to  this  arterial  hy- 
perffimia  in  the  acute  exacerbations  of  chronic  rheuma- 
tism and  in  involvement  of  smaller  joints,  e.g.,  elbow, 
hand,  or  finger. 
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In  arthritis  deformans  Bier  believes  lie  has  seen  good 
results.  Personally  I  have  seen  no  real  benefit  m  this 
condition  from  arterial  hyperemia,  though  pain  may  be 
relieved  temporarily.  Others,  including  Habs,  Bum, 
and  Leyden,  have  seen  good  results  in  chronic  rheuma- 
tism, but  nothing  in  arthritis  deformans. 

Post-traumatic  stiffness  of  joints  is  beneficially  mflu- 
enced  by  hypera?mia.  Bier  uses  hot  air  in  these  cases 
and  obtains  rapid  improvement.  Motion  increases  and 
pains  cease.  Everybody  has  seen  excellent  results  fol- 
lowing the  use  of  hot  baths  that  induce  well-marked  hy- 
perffimia,  so  that  it  is  needless  to  waste  many  words  on 
this  subject.  In  addition  to  hot-air  therapy  Bier  em- 
ploys the  large  orthopedic  suction  cups  to  stretch  the 
joints,  and  also  constriction  hypersemia,  as  will  be  seen 
later. 

In  scoliosis  Klapp  has  employed  hot-air  treatment  to 
assist  in  loosening  the  more  or  less  fixed  vertebral  col- 
umn. This  combined  with  gymnastic  exercises  he  con- 
siders the  best  therapy  thus  far  discovered. 

Gonorrhceal  rheumatism  in  the  more  chronic  stage 
is  beneficially  influenced  by  arterial  hyperai'mia,  accord- 
ing to  Bier.  In  the  more  acute  stages  constriction 
hypersemia  is  indicated.  In  these  difficult  cases  hyper- 
emia ought  surely  to  be  tried,  as  it  will  relieve  frequent- 
ly. It  is,  however,  no  panacea  and,  in  my  experience, 
frequently  fails  to  do  anything  just  when  most  needed. 

In  the  reparative  stage  following  acute  infectious 
osteomyelitis  and  suppurative  tenosynovitis,  short  daily 
applications  of  hot  air  are  beneficial  in  stimulating 
rapid  repair  of  the  injured  tissues.  Hot  baths  do  prac- 
tically the  same  thing  and  are  simpler.  In  the  latter 
way  most  surgeons  have  employed  arterial  hypersemia 
for  this  class  of  cases  a  long  time. 

In  senile  and  diabetic  gangrene  the  use  of  arterial 
hyperffimia  will  frequently  lead  to  a  rapid  demarcation, 
and  if  the  process  is  just  beginning  such  hyperaemia  may 
save  the  limb.  In  the  form  of  hot  baths  this  type  of 
hyperaemia  has  long  been  used,  especially  in  the  limited 
processes,  e.g.,  in  gangrene  of  a  toe  or  in  diabetic  mal 
perforant.  In  such  cases  short  applications  of  super- 
heated air  beginning  with  low  temperature  may  produce 
practically  a  restitutio  ad  integrum. 

In  skin  conditions,  e.g.,  frost  bite,  chronic  eczema, 
psoriasis,  arterial  hyperaemia  induced  by  hot  air  has  led 
to  good  results. 

To  hasten  absorption  of  extravasated  blood,  oede- 
mas,  chronic  hydrops  (non-tuberculous)  of  joints, 
haemarthrosis,  Bier  employs  hot-air  hypertemia  and  ob- 
tains excellent  results.  He  mentions  a  large  number  of 
cases  in  which  this  therapy  was  employed  effectively. 
In  chronic  oedema  of  the  lower  extremities  due  to  vari- 
cose veins,  and  in  varicose  ulcers,  good  results  follow  ar- 
terial hypera>mia.  I  have  regularly  used  cardiac  stim- 
ulants to  improve  the  local  circulation,  and  these  with 
nitroglycerin  probably  worked  much  in  the  same  way 
as  hot-air  therapy.  In  recent  thrombotic  cases  Bier 
advises  against  arterial  hypera;mia.  In  cases  of  throm- 
bosis of  the  deep  veins  it  is  well  to  be  chary  in  the  use 
of  superheated  air,  as  in  one  case  of  thrombosis  of  the 
femoral  vein  treated  in  this  way  six  months  after  the 
thrombosis  Bier  lost  his  patient  from  a  pulmonarv 
embolus. 

In  fresh  fractures  and  in  fresh  injuries  to  soft 
parts,  Bier  uses  daily  hot-air  therapy  for  one  hour,  as  it 
hastens  absorption  of  extravasated  blood,  etc.  and  he 
believes  it  surpasses  massage  in  eflScacy 
_  Suction  Hyperosmia. —This  type  of  hypera.mia  is  used 
in  a  great  variety  of  conditions  both  acute  and  chronic 
both  m  general  surgery  and  in  the  specialties.  It  has^ 
been  received  with  great  favor  by  most  of  the  profession 
and  IS  destined  to  be  a  useful  therapeutic  agent  Amone 
the  more  important  conditions  in  general  surgery  in 
which  It  has  been  successfully  employed  are  the  follow- 
In  prophylaxis  against  infection  this  type  of  livper- 
aemia  is  as  old  as  the  birth  of  the  higher  animals,  Uiat 
have  always  employed  their  lips  to  suck  freshly  inflicled 
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wounds.  To  prevent  infection  of  incised  or  of  not  over- 
deepi  perforating  wounds  there  is  no  better  agent  than 
suction  hyperaemia.  Its  regular  use  undoubtedly  will 
obviate  many  an  infection  and  save  many  a  patient  and 
many  a  surgeon  much  pain  and  loss  of  time. 

In  stitch-hole  infections  there  is  no  therapy  so  effect- 
ive, so  simple,  and  so  rapidly  curative.  Incisions  are 
rarely  required,  and  extensive  abscess  fornjation  is  usu- 
ally prevented  by  an  early  use  of  suction  hyperaemia. 

In  abscesses,  furuncles,  acne,  infected  wounds,  cel- 
lulitis of  fingers  or  of  hand  one  almost  regularly  suc- 
ceeds in  curing  the  condition  with  small  incisions  into 
the  pus  foci  and  regular  use  of  suction  hyperaemia.  In 
some  of  the  more  extensive  cases  of  cellulitis,  occasion- 
ally also  in  cases  of  paronychia,  the  mild  application  of 
a  constricting  bandage — constriction  hyperaemia — is  de- 
cidedly more  effective  than  suction  hyperaemia.  In 
those  cases  of  deep  infection  of  the  fingers — so-called 
panaritium — constriction  hyperaemia  should  be  regu- 
larly employed,  as  some  have  reported  poor  results  with 
suction  hyperaemia. 

In  suppurative  mastitis  suction  hyperaemia  has  scored 
a  triumph,  even  though  in  every  single  case  it  may  not 
be  successful.  Instead  of  the  old  radial  incisions  and 
copious  gauze  drainage,  small  incisions  into  the  pus 
pockets,  and  suction  hyperaemia  with  large  cups  encom- 
passing the  whole  breast,  lead  to  rapid  cure  without 
mutilation  and  painful  dressings.  In  puerperal  cases 
the  milk  should  be  withdrawn  before  each  hyperaemiza- 
tion  of  the  breast.  Occasionally  after  one  focus  has 
been  healed  a  fresh  one  develops  and  must  be  treated  in 
the  same  way.  The  end  result  is  almost  regularly  ex- 
cellent both  functionally  and  cosmetically. 

In  carbuncles,  especially  the  non-diabetic,  the  best  of 
results  have  been  published.  In  these  no  broad  inci- 
sions are  demanded.  Suction  draws  pus  out  of  the 
many  suppurating  areas  and  a  rapid  cure  is  effected. 
(Bier,  ten  to  fifteen  days.) 

In  diabetic  cases  special  care  must  be  observed,  as  the 
tissues  may  not  bear  this  therapy.  Grube  and  Korte 
have  employed  artificial  hyperaemia  in  diabetics  with- 
out injury,  whereas  CoUey  saw  gangrene  of  the  skin  fol- 
lowing its  use.  The  l^ist  word  has  not  been  spoken  con- 
cerning this  group  of  cases,  but  the  varied  results  surely 
prompt  us  to  be  very  cautious. 

In  acute  suppurative  adenitis,  especially  in  buboes, 
one  frequently  obtains  rapid  results  after  incising  the 
purulent  focus.  If  many  glands  are  involved,  and  there 
are  multiple  pus  foci  scattered  through  the  different 
glands,  hyperaemia  may  fail  to  accomplish  anything. 
In  these  cases  preliminary  use  of  poultices  followed  by 
small  incisions  and  then  by  suction  hyperaemia  with 
large  cups  will  usually  prove  effective.  In  some  cases 
every  attempt  will  fail  and  recourse  to  wide  incisions 
and  excision  of  the  suppurating  glands  will  be  finally 
necessitated. 

In  acute  bursitis,  especially  suppurative  bursitis, 
suction  hyperaemia  works  well.  If  pus  is  present  a' 
small  incision  followed  by  hyperaemia  will  lead  to  ex- 
cellent results,  painlessly  and  rapidly. 

In  infected  haematomata  and  in  contusions  suction 
hyperasmia  is  very  effective.  In  infected  haematomata 
suction  hyperirmia,  after  a  small  incision,  is  exception- 
ally useful.  The  suction  evacuates  clots  and  fluid  blood 
rapidly  and  painlessly.  In  black  eyes  this  therapy 
leads  to  rapid  oxidation  of  the  extravasated  blood  and 
prompt  absorption. 

In  more  chronic  inflammatory  conditions,  e.g., 
chronic  sinuses  both  tuberculous  and  non-tuberculous, 
suction  hyperaemia  has  scored  a  distinct  success.  Bier 
and  Klapp  regularly  use  it  in  fistulous  bone  and  joint 
oases  of  tuberculous  causation.  In  sinuses  leading  to 
tuberculous  glands  I  have  seen  rapid  healing  without 
excision  of  the  gland.  I  ha\'e  seen  good  results  in  fistu- 
lae  about  the  anus.  Applications  over  tuberculous 
glands  through  the  skin,  if  the  glands  are  subcutaneous, 
may  l)c  of  use.  I  have  seen  such  glands  become  smaller 
and  firmer  under  this  therapy. 
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In  keloids  Bier  and  others  report  absorption  of  the 
tumor.  Although  I  have  failed  signally  in  this  condi- 
tion, a  positive  result  is  more  valuable  from  a  thera- 
peutic standpoint  than  a  negative  one.  In  view  of  the 
successes  of  Thomas  and  of  Bier,  suction  hypersemia 
should  be  tried  in  keloids. 

In  the  removal  of  foreign  bodies,  e.g.,  pieces  of  glass, 
splinters,  etc.,  it  is  almost  self-evident  that  suction  will 
assist,  not  only  in  drawing  out  the  foreign  matter,  but 
also  in  producing  a  local  immunization  and  thus  preven- 
tion of  infection. 

In  orthopedic  surgery  the  very  large  cups  are  em- 
ployed. So  far  as  the  use  of  these  large  suction  cups  is 
concerned,  very  few  have  had  any  experience  with  them, 
so  that  we  shall  have  to  confine  our  remarks  to  the  state- 
ments of  Bier  and  Klapp.  They  use  these  large  cups 
to  stretch  joints  that  have  been  rendered  more  or  less 
stiff  as  the  result  either  of  trauma  or  of  rheumatism. 
The  combined  action  of  the  hypera?mia  plus  pressure  of 
the  atmosphere  produces  marked  changes  and  restores 
excellent  motility.  Bier  advises  against  the  use  of  these 
orthopedic  cups  in  joint  tuberculosis  so  long  as  the  dis- 
ease is  active.  In  tuberculosis  of  the  knee  with  marked 
flexion  deformity,  however.  Bier  employs  these  cups  to 
assist  in  overcoming  the  deformity  even  though  the  tu- 
berculous process  is  not  quiescent. 

In  nasal,  aural,  and  ophthalmological  surgery  this 
type  of  hypersemia  has  been  employed  to  some  extent, 
but  until  more  publications  are  forthcoming  no  final 
verdict  as  to  its  usefulness  will  be  possible.  In  both  the 
nose  and  the  middle  ear  anatomical  conditions  are  such 
that  it  is  not  easy  to  duplicate  the  suction  hyperaemia 
induced  on  other  surfaces.  In  various  types  of  tonsil- 
litis good  results  have  been  reported.  Of  eye  conditions 
treated  in  this  way  very  few  reports  have  been  published. 
In  gynecology  suction  hypersemia  has  been  employed 
quite  extensively.  Its  field  of  usefulness  is  still  unde- 
termined. It  has  been  used  in  chronic  endometritis, 
perimetritis,  and  metritis,  with  more  or  less  success.  In 
amenorrhoea  the  results  have  been  variable. 

Constriction  Hyperemia. — As  was  said  in  the  discus- 
sion of  the  technique  of  this  type  of  hypera?mia,  the 
rubber  constricting  bandage  may  be  applied  very  lightly 
in  acute  cases,  and  more  firmly,  producing  more 
marked  venous  congestion,  in  the  treatment  of  more 
chronic  cases.  In  the  following  conditions  the  firm  ap- 
plication of  the  bandage  has  been  employed  to  induce 
a  marked  venous  hypersemia  and  thus  a  cure  of  the 
pathological  condition.  Later  the  applicability  of  the 
milder  constriction  hyperajmia  will  be  discussed. 

Pseudarthrosis. — In  delayed  union  of  fractures  due 
to  deficient  callus  formation,  constriction  hypera;mia 
has  frequently  been  of  great  benefit.  This  use  of  a  con- 
striction proximal  to  the  threatened  pseudarthrosis  is 
very  old.  Ambrose  Par6,  Dumreicher,  and  Nicoladoni 
recommended  it.  Helferich  in  1881  used  this  type  of 
hypersemia  for  insufficient  callus  formation  after  fract- 
ure; also  in  insufficient  involucrum  production  after 
bone  necrosis.  Thomas  has  made  use  of  it  to  obtain 
firm  union  in  fractures. 

This  method  of  treating  the  condition  under  discus- 
sion is  simple.  The  part  is  bandaged  in  flannel  up  to 
the  site  of  the  fracture,  and  proximal  to  the  fracture  the 
rubber  bandage  is  applied.  This  technique  localizes  the 
activity  of  the  venous  congestion  at  the  point  of  fracture. 
Of  course  this  application  is  not  always  feasible  if  the 
fracture  is  so  situated  that  a  distal  flannel  bandage  can- 
not be  used,  nor  is  it  absolutely  necessary. 

In  view  of  the  painlessness,  simplicity,  and  lack  of 
danger  of  this  method  it  should  regularly^  be  used,  and 
judging  from  my  own  experience,  employing  it  as  I  do 
in  all  delayed  unions  as  .a  routine  procedure,  I  believe 
patients  very  frequently  will  be  spared  more  serious, 
uncertain,  and  dangerous  methods  which  are  used  to 
accomplish  the  same  result. 

In  chronic  suppurating  osteomyelitis,  especially  cases 
that  have  been  operated  upon  or  cases  following  com- 
pound   fractures,  venous  congestion  without  the  use  of 


drains  in  the  sinuses,  which  are  regularly  present,  leads 
to  most  gratifying  cures.  The  illustrative  cases  cited 
above  are  instances  of  the  beneficent  action  of  venous 
congestion  in  this  class  of  cases.  The  necrotic  bone, 
provided,  of  course,  the  size  of  the  sequestrum  per- 
mits, is  after  a  rapid  separation  from  healthy  tissue 
discharged  through  sinuses.  Congestion  leads  to  better 
drainage  from  within,  and  after  removal  of  the  bandage 
the  reactive  hyperaemia  in  turn  has  a  good  effect. 

In  tuberculosis  of  bones  and  of  joints  the  therapy 
under  discussion  was  first  tried.  As  said  under  suction 
hypera?mia,  fistulous  cases  are  treated  with  suction  and 
constriction  hypera;mia.  This  therapy  has  led  to  ex- 
cellent results  not  only  in  Bier's  clinic,  but  also  in  the 
hands  of  v.  Eiselsberg,  Kocher,  Habs,  Luxembourg, 
Tillmanns,  and  Henle  (Mikulicz).  There  seems  no  rea- 
son to  doubt  the  efficacy  of  this  therapy  in  this  class  of 
cases,  from  what  I  have  seen  in  my  own  work.  To  get 
a  good  idea  of  Bier's  results  it  is  worth  while  enumerat- 
ing his  series  of  cases : 

1.  Carpal  Tuberculosis;  17  Cases.  Of  these  4  had 
fistulae.  In  5,  abscesses  developed  during  the  treatment 
and  were  opened.  Results;  Fifteen  cases  cured,  3  had 
perfect  motion,  2  were  improved.  Average  duration  ol 
treatment  twelve  months. 

2.  Elbow-joint  Tuberculosis;  11  Cases.  Five  had 
fistulae,  8  developed  abscesses  that  were  incised.  Re- 
sults :  Eight  cases  cured.  Normal  motion  in  no  case, 
though  in  all  it  was  adequate.  The  worst  result  showed 
a  mobility  of  from  50°  to  115°. 

3.  Tarsal  Tuberculosis;  13- Cases.  Eight  had  fistulae. 
In  6  cases,  abscesses  had  to  be  opened  during  treatment. 
Results:  Eight  cured,  3  improved,  1  unimproved,  1 
came  to  amputation.  Perfect  motion  in  3  of  the  cured 
cases,  satisfactory  in  the  others.  Duration  of  treatment 
averaged  ten  months. 

4.  Knee-joint  Tuberculosis;  5  Cases.  One  had  fistula. 
Results:  Three  were  cured,  2  with  perfect  motion,  1 
was  fixed  in  good  position,  2  were  improved.  In  8  other 
knee  cases  after  short  trial  with  hypersemia  Bier  did  a 
resection. 

5.  Shoulder-joint  Tuberculosis;  1  Case.  Result:  Cure 
with  perfect  motion. 

From  these  data  it  is  evident  that  this  conservative 
method  of  treatment  leads  to  excellent  results  in  carpal, 
tarsal,  and  elbow  tuberculosis.  In  the  knee  joint  the 
results  of  this  therapy  are  not  good. 

While  employing  this  method  of  combating  tubercu- 
losis the  involved  part  is  not  immobilized,  as  one  of  the 
objects  of  this  whole  therapy  is  to  obtain  a  good  func- 
tional limb.  In  the  lower  extremity  I  do  not  feel  ready 
to  abandon  removable  splints.  One  cannot  gainsay 
that  Bier's  treatment  requires  a  great  deal  of  time,  nine 
months  on  an  average,  but  all  conservative  measures  in 
these  cases  are  very  slow  in  effecting  a  cure. 

This  therapy  is  contraindicated,  according  to  Bier,  in 
(1)  amyloid  degeneration ;  (2)  severe  pulmonary  tuber- 
culosis ;  (3)  large  distended  pyarthrosis  (knee) ;  (4) 
faulty  position,  when  operation  will  give  better  end  re- 
sults. In  tuberculosis  of  bones  Bier  regularly  operates 
unless  such  a.  procedure  would  interfere  with  the  func- 
tion of  the  part.  In  cases  of  spina  ventosa  Klapp  has 
been  successful  with  suction  hypersemia. 

Tuberculosis  of  the  testis  Bier  has  subjected  to  venous 
hypersemia  by  tying'  a  rubber  band  or  tube  about  the 
root  of  the  scrotum.  If  both  testes  are  involved  both 
are  treated  simultaneousljr — otherwise  only  the  diseased 
organ.  "The  hypersemia  is  induced  for  one  to  three 
hours  daily,  and  the  scrotum  is  supported  by  a  suspen- 
sory. Bier  has  seen  the  best  results  in  fistulous  cases. 
He  has  published  no  convincing  data  up  to  date,  so  that 
it  is  proper  to  reserve  judgment,  especially  as  he  says 
the  therapy  is  less  efficient  in  beginning  tuberculosis  of 
the  epididymis.  He  recommends  the  same  hypersemia 
therapy  for  tuberculous  disease  of  the  tendon  sheaths 
and  skin,  and  for  lupus. 

In  stiff  joints  following  contusions,  fractures, 
healed  cellulitic   area,  etc.,  I   have  been  pleased  with 
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this  therapy.  Bier  recommends  the  mild  application 
for  ten  to  twenty  hours  at  a  time.  This  I  have  not  em- 
ployed, as  these  patients  are  not  willing  to  give  up  the 
time  necessitated  by  such  long  applications.  With 
three-quarter  to  an  hour  treatments,  and  marked  ve- 
nous congestion,  good  results  can  be  obtained  and  the 
patient  need  not  enter  a  hospital  for  surveillance.  While 
the  bandage  is  in  place,  active  and  passive  exercises  are 
carried  out  and  motion  is  gradually  increased  by  stretch- 
ing the  hypersemio  tissues.  Because  of  the  antesthetizing 
effect  of  the  hyperaemia  the  parts  can  be  more  readily 
moved  and  the  involved  tissues  stretched  with  less  dis- 
comfort. 

In  vague  joint  cases  in  which  the  diagnosis  is  ob- 
scure, as  well  as  in  old  rheumatic  cases  and  chronic 
gonorrhoea!  joints,  this  firm  application  of  the  bandage 
can  readily  be  employed  without  putting  the  patient 
in  a  hospital.  Bier  favors  long  applications  of  the  milder 
constriction  hyperfemia.  Which  method  is  better  I 
cannot  say.  The  method  I  have  used  is  simpler  and 
liable  to  appeal  to  the  patient,  if  the  results  are  equally 
good. 

In  addition  to  vague  joint  cases,  there  are  many  other 
post-traumatic  vague  neuralgic  or  painful  conditions  in 
the  extremities  which,  strange  to  say,  are  benefited  by 
this  therapy.  The  diagnosis  is  never  made,  but  the  pa- 
tient gets  well. 

It  is  in  interpreting  the  curative  effect  of  the  milder 
constriction  hyperEemia  that  one  must  be  particularly 
guarded.  There  is  no  doubt  that  one  sees  most  aston- 
ishing results  in  the  most  diverse  acute  conditions  under 
this  therapy,  and  to  be  strictly  scientific  in  the  face  of 
these  is  often' practically  impossible.  In  the  followino- 
conditions  it  has  been  repeatedly  employed,  and  found 
favor. 

Prophylaxis  against  Infection.  As  mentioned  under 
the  uses  of  suction  hyperaimia,  in  this  field  we  have  a 
very  useful  a^ent  in  artificial  hyperajmia.  While  suc- 
tion hyperEemia  is  useful  in  the  smaller  injuries,  in  the 
more  extensive  wounds  of  extremities  constriction  hyper- 
oemia  must  be  employed.  As  a  prophylactic  agent  hyper- 
ajmia  has  proven  to  be  our  very  first  and  most  effective 
agent.  Prior  to  its  introduction  the  surgeon  did  little 
or  nothing  in  the  treatment  of  fresh  wounds  that  could 
be  mterpreted  as  truly  prophylactic  against  infection 
If  a  patient  acquired  a  compound  fracture  and  the  ends  of 
the  bone  pierced  the  skin,  the  surgeon  could  rely  on  seeing 
an  infection,  perhaps  a  most  serious  infection  that  would 
lead  to  incision  and  drainage,  at  times  to  amputation 
or  to  death.  Now  m  hypera-mia,  in  the  mild  constric- 
tive type  of  hyperEemia,  I  believe  we  have  at  last  an 
agent  that  will  produce  a  local  immunization  and  pre- 
vent m  many  cases  the  development  of  a  serious  or  even 
slight  infection.  The  most  striking  instance  of  the 
efficacy  of  this  therapy  that  I  have  seen  was  in  a  case 
of  fracture  of  the  fibula  and  tibia.  Both  bones  perfo- 
rated the  skm,  and  their  fractured  ends  were  thorouEhlv 
contaminated.  After  replacement  of  the  broken  bones 
Bier  s  hyperffimia  for  twenty-hour  periods  was  applied 
for  at  least  ten  days  and  a  perfect  recovery  took  place 
as  far  as  infection  was  concerned.  Another  series  of 
cases  m  which  I  have  employed  this  type  of  hypera^mia 
to  prevent  trouble  are  the  post-operative  cases  men- 
tioned below. 

This  use  of  hyperemia  I  feel  sure  will  be  a  boon  to 
humanity—it  marks  a  distinct  advance.  As  vet  the 
literature  has  paid  but  scant  attention  to  this  subject 

Acute  Inflammations:  (1)  CV-llulitis,  lymphangitis- 
2  Tendon-sheath  phegmon;  (3)  Suppurative  arthritis  ^ 
(4)  Acute  osteomyelitis  ;  (.5)  Erysipelas 
_  The  use  of  mild  constriction  hyperemia  in  the  above 
inflammatory  conditions  is  one  of  the  most  important 
developments  in  this  field  of  therapy.  Bier  h!?°  se,  n 
the  most  remarkable  results  in  all  these  conditions  but 
even  he  must  admit  that  hyperemia  may  not  be  effective 
m  some  cases  To  any  one  who  has  read  the  literature 
of  this  subject,  even  ,f  he  has  not  employed  the  method 
and  demonstrated  to  his  own  satisfaction  the  effects  of 
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this  therapy,  it  will  be  clear  that  hyperaemia  accom- 
plishes a  great  deal  that  our  older  methods  did  not  ac- 
cornplish  as  simply,  as  painlessly,  and  as  rapidly.  Still 
until  cases  are  reported  with  bacteriological  examina- 
tions it  will  remain  undecided  whether  hyperEemia  has 
an  equally  beneficent  effect  against  all  invading  bacteria. 
Lexer  deserves  credit  for  bringing  out  this  point  wheri 
he  claims  that  hypgrEemia  does  not  work  successfully 
against  severe  streptococcic  infections.  Although  I 
have  repeatedly  seen  this  therapy  cure  infections  due 
to  streptococci,  still  we  must  in  the  future  study  this 
problem  and  determine  whether  our  new  agent  is  as 
effective  against  one  type  of  organism  as  another. 

Bier  believes  he  has  been  able  to  cut  short  beginning 
suppurative  processes  with  this  method.  His  cited 
cases  are  not  so  conclusive  as  they  should  be,  as  I  have 
seen  similar  pyaemic  deposits  disappear  without  therapy 
just  as  rapidly.  In  fact  only  recently  on  one  patient 
who  had  pya?mic  deposits  in  several  extremities  I  com- 
pared hyperaemic  treatment  with  no  treatment  at  all. 
The  different  deposits  did  equally  well.  HyperEemia 
was  no  more  effective  than  leaving  nature  alone. 
Though  I  have  not  seen  very  severe  cases  of  cellulitis 
disappear  without  suppuration,  I  have  seen  milder  cases 
behave  in  that  way.  There  is  no  doubt  in  my  mind  that 
this  therapy  will  cut  short  many  an  acute  post-operative 
infection  of  an  extremity.  Here  it  is  the  only  agent  we 
can  avail  ourselves  of,  and  I  have  repeatedly  employed 
it  to  prevent  suppuration.  It  is  particularly  useful  after 
joint  resections,  and  in  these  it  might  even  be  used  pro- 
phylactically  to  insure  a  good  result. 

Good  results  following  the  use  of  this  constriction  hy- 
perEemia in  acute  inflammatory  conditions  have  been 
Imported  by  Habs,  Kbrte,  Sick,  Stich,  Danielsen,  Bar- 
denheuer,  Heidenhain,  Lexer,  Heller,  Haaster,  Losser 
Derlin,  v.  Brunn,  and  others.  I  have  used  Bier's  methods 
in  considerably  more  than  four  hundred  cases,  of  which 
over  one  hundred  were  acute  inflammations,  and  I  have 
usually  seen  excellent  results.  The  great  diflSculty  that 
we  meet  with  is  in  deciding  whether  the  results  are  due 
to  the  hypera;mia  therapy.  I  have  frequently  been  in 
doubt  and  have  hesitated  to  ascribe  all  the  post  hoc  de- 
velopments to  our  therapeutic  agent.  Unfortunately, 
parallel  cases  and  parallel  observations  cannot  be  stud- 
ied. Although  one  has  the  impression  that  hypera-mia 
almost  regularly  benefits,  still  it  will  require  time  and 
much  more  experience  to  furnish  positive  and  irrefu- 
table proof. 

Cellulitis  and  lymphangitis  cases  seem  to  do  well  un- 
der this  therapy.  The  pus  foci  naturally  are  opened,  bv 
small  incisions  if  possible,  before  this  treatment  is  begun, 
and,  as  said  above,  no  gauze  drains  are  employed,  as 
gauze  devitalizes  the  tissues  with  which  it  comes  in  con- 
tact. There  is  great  unanimity  of  opinion  that  staphy- 
lococcus infections  respond  nicely  to  this  treatment, 
whereas  streptococcus  infections  may  he  less  easily  con- 
trolled.    Lexer  and  Sick  have  emphasized  the  latter. 

Tendon-sheath  infections  have  been  very  successfully 
treated.  The  avoidance  of  gauze  drainage  and  the  con- 
stant bathing  of  the  tendons  in  plasma  frequently  save 
tendons  which  would  under  the  old  therapy  become 
necrotic.  Bardenheuer,  after  extensive  trial,  is  most 
onthusia.stic,  having  had  exceptionally  good  results.  He 
states  that  if  nothing  else  had  been  effected  by  this  new 
therapeutic  agent,  its  excellent  effects  in  tendon-sheath 
infections  would  establish  a  place  for  it  in  our  therapeu- 
tic armamentarium. 

Suppurative  arthritis  cases  have  frequently  done  well. 
As  shown  in  one  of  my  illustrative  cases,  the  joint  may 
not  recjuire  incision,  though  usually  it  will  be  safer  to 
aspirate  and  wash  out  or  even  to  incise  whenever  there 
is  pus.  In  addition  to  Bier,  Bardenheuer,  Habs,  and 
many  others  have  reported  good  results. 

In  acute  osteomyelitis  considerable  difference  of  opin- 
ion exists.  Some  have  had  good  results,  others  have 
not.  Garry's  advice  to  open  the  bone  in  the  usual  way 
will  probably  be  followed  until  more  convincing  proof 
is  presented  that  hypera?mia  with  small  incisions,  or  as- 
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piration,  or  hypersemia  alone  can  effect  a  cure.  I  per- 
sonally am  a  little  loath  to  follow  Bier  in  this  field, 
though  he  reports  some  remarkable  results,  in  which 
the  focus  in  the  bones  healed,  and  frequently  without 
necrosis.  For  when  the  process  has  extended  from  the 
marrow  into  the  bone  itself,  I  fail  to  see  how  we  can 
produce  an  adequate'hyperfemia  in  the  diseased  tissue. 
It  may  be  possible  to  effect  an  inflammation  that  is 
limited  to  the  marrow,  though  even  here  it  must  be 
difficult  to  induce  hypertemia  and  oedema  at  any  but 
the  earliest  stage  of  the  disease. 

In  erysipelas  the  claims  of  hyperoemia  are  even  more 
doubtful.  Bier  was  inclined  to  think  it  useful  in  this 
condition.  Now  even  he  is  in  doubt.  Hochhaus  and 
Sick  have  been  pleased  with  its  effect.  In  my  experi- 
ence some  cases  get  well  rapidly  under  this  treatment 
and  others  are  not  affected.  Those  that  get  well  rapidly 
frequently  show  a  lytic  fall  in  temperature,  which  is 
about  the  only  symptom  that  might  induce  one  to  as- 
cribe the  result  to  hypersemia ;  but  as  many  cases  of 
erysipelas  behave  in  other  points  just  as  those  treated 
with  hypereemia,  it  surely  is  dangerous  to  express  a 
favorable  view  of  the  therapy  in  these  cases.  Moreover, 
it  has  frequently  been  noted  that  acute  inflammatory 
cases  develop  erysipelas  under  hyperemia  therapy. 
Provided  these  are  real  erysipelas  cases  this  would  speak 
against  the  efficacy  of  hyperaemia  therapy  in  such  a 
condition. 

Acute  Conditions  (Inflammatory)  of  the  Head.  Un- 
der these  are  included  mastoiditis,  otitis  media,  paro- 
titis, parulis,  meningitis,  lymphadenitis,  coryza,  tonsil- 
litis, dacryocystitis.  Bier  says  in  all  these  conditions  he 
and  others  have  seen  good  results.  Here  the  bandage 
or  webbing  surrounds  the  neck  and  produces  thus  a  hy- 
persemia  of  the  distal  parts.  It  is  even  more  difficult  to 
judge  of  the  effect  of  the  therapy  in  these  cases  than  in 
most  of  the  other  inflammatory  diseases  just  mentioned. 
Here  prognosis  is  particularly  difficult,  for  it  is  al- 
most impossible  to  say  accurately  what  would  happen 
without  hypertemia.  In  this  category  of  cases,  scepti- 
cism has  every  right  to  an  excellent  hearing.  How  fre- 
quently patients  with  mastoid  symptoms  get  well  without 
surgical  intervention  after  they  have  been  persuaded  that 
they  should  go  to  the  hospital  for  operation!  It  is  more 
than  difficult  to  understand  how  an  adequate  cedema  and 
hyperemia  can  be  produced  in  the  mastoid,  especially 
when  its  cells  are  filled  with  exudate.  Here  we  encoun- 
ter the  same  difficulty  as  mentioned  under  acute  osteo- 
myelitis cases.  From  what  I  have  seen  of  the  results  of 
hyperemia  treatment  in  the  extremities,  I  see  no  rea- 
son to  doubt  that  in  inflammation  of  the  soft  parts  and 
of  the  mucosa  of  the  middle  ear  and  of  the  .nose,  etc., 
good  may  be  effected  here  also. 

Chronic  rheumatism,  stiff  joints  following  injury, 
gonorrhceal  joints  are  treated  by  this  mild  constric- 
tion hyperaemia  by  Bier.  As  mentioned  previously. 
Bier  employs  long  applications  of  the  constricting  band- 
age for  the  acute  attacks  of  chronic  rheumatism  and 
also  for  involvement  of  the  smaller  joints.  He  treats 
stiff  joints  similarly  or  with  superheated  air  {vide  in- 
fra). As  said  previously,  I  have  had  good  results  in 
these  cases  treated  in  the  dispensary  with  short  appli- 
cations and  marked  venous  congestion.  In  gonorrhceal 
joints  the  constricting  bandage  may  at  first  increase 
the  pain  (Bier),  but  if  the' patient  can  be  made  comfort- 
able this  soon  diminishes  and  the  inflammation  will 
subside.  Opinions  as  to  the  efficacy  of  this  therapy  in 
aU  kinds  of  gonorrhceal  joints  are  still  at  variance.  As 
some  cases  seem  to  respond,  it  surely  should  be  given  a 
fair  trial. 

In  malignant  oedema  this  type  of  hyperasmia  should 
be  employed.  Both  experimental  and  clinical  work 
have  demonstrated  its  efficacy  against  anthrax. 

In  the  following  conditions  Bier  has  employed  mild 
constriction  hyperasmia  with  some  success:  (1)  acute 
gout,  (2)  insect  bites,  (3)  chorea,  (4)  epilepsy,  (5)  sub- 
cutaneous hemorrhagic  extravasations,  (6)  chronic 
headache.     There  seems  to  be  some  justification  for  his 


claims  in  acute  gout,  in  insect  bites,  and  subcutaneous 
hemorrhagic  extravasations.  The  other  conditions, 
however,  require  more  study  and  further  trials  before  a 
favorable  opinion  can  be  given. 

Further  Possibilities  of  Hyperoemia  Therapy. — Pul- 
monary Tuberculosis.  It  was  quite  natural  that  an  at- 
tempt should  be  made  to  influence  tuberculosis  of  the 
lungs.  Both  the  autoptic  material  and  Bier's  clinical 
material  seemed  to  point  the  way  to  applying  hyper- 
Eemia  in  this  condition.  The  experience  with  bone  and 
joint  tuberculosis  has  demonstrated  the  value  of  ve- 
nous congestion  in  this  disease,  and  it  would  seem  prob- 
able that  pulmonary  tuberculosis  might  respond  to  sim- 
ilar therapy.  Unfortunately,  as  yet  there  is  no  method 
of  producing  a  venous  congestion  in  the  pulmonary  cir- 
cuit, as  emphasized  some  pages  back.  Even  Bier  ad- 
mits that  the  blood  in  a  congested  lung  must  be  mainly 
arterial,  as  it  is  rapidly  arterialized  in  the  pulmonary 
capillaries.  Moreover,  experience  has  shown  that  arte- 
rial hyperaemia  is  ineffective  in  bone  and  joint  tubercu- 
losis. Despite  .this  evident  contradiction,  despite  the 
fact  that  clinicians  in  testing  the  effect  of  hyperaemia  in 
pulmonary  tuberculosis  are  employing  arterial  hyper- 
aemia, which  is  ineffectual  in  bone  tuberculosis,  and  are 
not  producing  a  marked  venous  hyperaemia,  still  their 
work  may  develop  something  of  value  in  the  treatment 
of  this  disease. 

Kuhn's  mask,  which  compels  the  patient  to  breathe 
under  difficulty,  inspiration  against  resistance,  expira- 
tion unimpeded,  producing  a  suction  hjiperiemia  in  the 
lungs,  is  used  for  the  treatment  of  pulmonary  tubercu- 
losis. Whether  this  will  lead  to  any  definite  results 
time  and  careful  observation  alone  will  tett. 

Suppurative  meningitis  has  always  appealed  to  me  as 
likely  to  respond  to  constriction  hyperaemia,  provided 
the  exudate  and  transudate  are  very  frequently  with- 
drawn or  drained  from  the  subdural  space.  If  a  mild 
constriction  hyperaemia  of  the  head  be  induced  by  a 
bandage  about  the  neck,  the  brain  and  meninges  become 
hyperaemic  and  displace  the  cerebrospinal  fluid  that  is 
within  the  cranium  into  the  non-compressed  spinal  col- 
umn. Such  endocranial  hyperaemia  produces  in  this 
way  a  marked  increase  in  pressure  in  the  spinal  fluid. 
If  in  cases  of  acute  meningitis  this  spinal  fluid  were  fre- 
quently withdrawn,  or  constant  drainage  were  made  in 
the  lumbar  region,  we  might  be  able  to  influence  the 
inflammatory  condition,  just  as  we  do  in  peripheral  in- 
fections. Cases  of  compound  fracture  of  the  skull  and 
of  basal  fracture  (W.  Meyer)  might  be  treated  prophy- 
lactically  with  hyperaemia  with  or  without  lumbar  punc- 
ture, to  insure  against  meningitis. 

As  yet  the  publications  in  this  field  are  few  and  not 
in  any  way  conclusive.  In  the  few  cases  treated  allow- 
ance has  not  been  made  for  a  proper  hyperaemization  of 
the  endocranial  structures  by  frequent  lumbar  puncture, 
and  till  that  is  done  nothing  final  may  be  said  on  this 
subject. 

In  addition  to  these  two  conditions  many  others  will 
probably  suggest  themselves  as  amenable  to  hyperaemic 
therapy.  All  new  therapeutic  agents  when  looked  upon 
from  every  standpoint  will  be  used  in  a  variety  of  con- 
ditions for  which  they  were  not  originally  suggested, 
and  perhaps  will  prove  particularly  effective  in  some  of 
these. 

Contraindications  to  the  Use  of  Hyperamia;  Dangers. 
— These  cannot  be  gathered  and  stated  dogmatically  at 
the  present  time.  Superheated  air  must  be  used  cau- 
tiously in  all  conditions  associated  with  lowered  vitality, 
and  should  not  be  employed  in  cases  of  thrombosis  of 
the  veins.  Suction  and  constriction  hypera?mia  should 
be  used  very  cautiously  in  diabetics.  In  very  severe 
streptococcus  infections  one  should  be  guarded  in  rely- 
ing exclusively  upon  these  agents.  In  cases  that  do  not 
respond  to  constriction  hypera?mia  this  should  be 
stopped.  This  applies  particularly  to  those  acute  cases 
in  which  there  does  not  seem  to  be  sufficient  power  to 
check  the  infective  process. 
The  methods  above  described,  provided  these  contra- 
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indications  are  avoided  and  provided  the  technique  is 
perfectly  applied,  have  very  few  dangers.  Erysipelas 
may  develop  in  the  treated  part.  At  the  site  of  the 
bandage  necroses  of  fascia  or  skin  occasionally  develop. 
Once  I  saw  a  deep-vein  thrombosis  at  the  site  of  the 
bandage  in  a  streptococcasmia  case.  Others  have  seen 
this  also. 

If  the  technique  is  faulty,  naturally  serious  accidents 
may  occur.  Whenever  a  bad  result  is  reported  there  is 
a  distinct  tendency  to  attribute  it  to  faulty  technique. 
No  doubt  many  poor  results  are  due  to  this,  but  the 
tendency  to  attribute  all  these  to  technical  failures  is 
a  mistake.  Hyperemia  is  surely  no  panacea  and 
not  infallible,  so  let  us  group  all  bad  results  together, 
whether  due  to  the  operator  or  the  method,  till  we  have 
some  definite  criteria  to  distinguish  between  these  two 
sources  of  trouble.  In  practice  the  two  are  associated — 
the  hyperiemia  demands  an  operator,  and  the  therapy 
must  be  viewed  in  that  light,  rather  than  as  a  simple 
hyperaemia  unit. 

Criticisms  of  Hyperasmia  are  based  chiefly  upon  its 
therapeutic  use  in  acute  infections.  The  application  of 
arterial  hyperajmia  is  rather  generally  accepted  at  its 
proper  value.  As  hyperjemia  in  acute  infections  mar- 
shals Nature's  forces  to  fight  the  invader,  it  avails  itself 
of  Nature's  weapons  alone.  If  these  are  inadequate  it 
will  fail  to  win  the. battle.  That  is  self-evident.  For- 
tunately these  forces  are  usually  adequate. 

Lexer's  criticism  of  Bier's  method  in  acute  cases  is 
more  spirited  than  sound.  He  indulges  in  many  theo- 
retical points  which  were  brought  together  to  over- 
whelm this  therapy  just  at  the  time  that  it  was  creating 
such  a  furor  in  Germany.  Lexer  claims  that  hypercemia 
assists  in  just  those  cases  where  older  methods  succeed 
as  well.  In  severe  cases  it  is  dangerous,  as  it  allows  of 
a  local  culture  of  bacteria  and  a  local  destruction  of  tis- 
sues by  the  bacterial  endotoxins.  These  points  are 
still  unproven,  though,  as  frequently  said  in  this  essay, 
great  caution  must  be  observed  in  severe  streptococcus 
infections,  lest,  relying  on  hyperaemia  too  much,  the  pa- 
tient's interests  suffer. 

In  the  treatment  of  peripheral  tuberculosis,  Mosetig 
Moorhof  has  taken  the  position  that  this  hyperfemia 
therapy  is  dangerous,  as  it  may  lead  to  a  dissemination 
of  the  disease.  As  yet  no  cases  have  behaved  in  this 
way. 

Another  and  more  practical  objection  to  Bier's  meth- 
ods relates  to  the  time  they  demand.  No  suction  treat- 
ment can  be  properly  carried  out  in  less  than  forty-five 
minutes.  Constriction  hyperaemia  in  acute  cases  re- 
quires continuous  watching  for  hours.  This  is  a  hard- 
ship for  the  busy  surgeon,  and  will  be  one  of  the  chief 
obstacles  to  the  wide  use  of  Bier's  methods.  By  teach- 
ing patients  how  to  cup  themselves,  by  treating  a  num- 
ber simultaneously,  by  placing  others  in  hospitals  under 
the  eyes  of  the  house  staff,  we  can  avoid  this  difficulty. 
Those  who  are  not  so  situated  that  they  can  do  these 
things  will  be  slow  to  take  up  these  new  methods 
unless  they  dread  the  older  methods  of  long  incisions 
which  Bier  has  supplanted  in  the  treatment  of  most  cases. 

Advantages  of  Bier's  Hypermmia. — It  is  proper  to  close 
this  essay  by  a  brief  reference  to  the  advantages  of  the 
methods  under  discussion.  As  they  have  already  been 
touched  on  in  the  course  of  this  essay,  it  will  suffice  to 
enumerate  them  briefly. 

Arterial  hypera-mia  has  a  field  of  its  own  and  there 
are  no  therapeutic  agents  that  linvc  proven  more  effect- 
ive in  the  conditions  for  which  it  is  used. 

Suction  hyperemia  in  acute  inflammatory  cases 
avoids  long  incisions  and  painful  and  inj  urious  gauze  pack- 
ing, and  leads  to  a  cure  more  rapidly  than  older  methods 
In  prophylaxis  both  types  of  liypera.mia  are  distinct 
additions,  as  prior  to  Bier's  discovery  we  knew  no 
method  of  avoiding  infections  after  injuries  Like 
suction  hyperajmia,  constriction  hyperaemia  does  away 
with  long  incisions  and  their  resulting  scars-  it  also 
frequently  prevents  necrosis  and  sloughing  of  ten 
dons  where  older  methods  failed.     Constriction  hyper- 
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semia  in  acute  infections  usually  shortens  the  time  of 
illness. 

Even  if  venous  hyperaemia  did  no  more  than  provide 
excellent  drainage  from  within  outward,  in  acute  infec- 
tions I  should  employ  it  regularly  as  it  avoids  all  painful 
manipulation  of  the  infected  area.  As  it  accomplishes 
much  more  than  drainage,  I  am  all  the  more  glad  to 
make  use  of  it. 

In  the  more  chronic  conditions  both  suction  and  con- 
striction hyperfemia  are  ^-ery  useful  in  just  such  cases  as 
are  mentioned  in  the  previous  pages,  and  that  are  fre- 
quently encountered  wandering  from  pillar  to  post  look- 
ing for  relief. 

With  such  marked  advantages  over  older  methods, 
with  a  broad  usefulness  in  conditions  that  up  to  date 
have  not  been  amenable  to  therapy,  it  does  seem  likely 
that  artificial  localized  hyperaemia,  both  arterial  and 
venous,  has  come  to  stay,  both  as  a  boon  to  mankind 
and  as  an  interesting  field  for  scientific  study. 
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INTESTINES,  TUBERCULOSIS  OF.— This  is  the 
most  common  specific  infection  of  the  intestinal  tract. 
It  occurs  both  as  a  primary  and  a  secondary  process,  the 
lesions  being  rarest  in  the  duodenum  and  increasing  in 
frequency  toward  the  ileo-csecal  valve  to  become  more 
rare  in  the  large  intestine.  In  the  lower  part  of  the 
ileum,  particularly  on  the  upper  surface  of  the  ileo- 
csecal  valve,  tuberculous  lesions  are  found  in  nearly  all 
cases  (about  90  per  cent.)  of  advanced  pulmonary  tuber- 
culosis. In  rare  cases  the  small  intestine  may  be  en- 
tirely free  from  the  disease,  while  the  colon  and  rectum 
are   extensively   involved.     Still   more    rarely   isolated 


tuberculous  ulcers  are  found  in  the  duodenum  without 
the  occurrence  of  other  intestinal  lesions. 

In  the  primary  form  the  infection  occurs  through  the 
ingestion  of  tubercle  bacilli  in  the  food  or  through  the 
swallowing  of  saUva  containing  bacilli  that  have  entered 
the  upper  respiratory  tract  with  the  dust  of  the  air. 
Secondary  intestinal  tuberculosis  is  nearly  always  due 
to  the  swallowing  of  sputum  containing  tubercle  bacilli 
derived  from  pulmonary  lesions.  In  a  small  number  of 
cases  the  intestinal  lesions  are  secondary  to  tuberculosis 
of  the  upper  respiratory  tract  or  upper  portion  of  the  ali- 
mentary tract,  or  they  may  be  metastatic  in  origin  from 
primary  foci  situated  in  any  part  of  the  body. 

Primary  Tuberculosis  of  the  Intestines. — A  very 
great  difference  of  opinion  exists  as  to  the  frequency  of 
primary  intestinal  tuberculosis.  The  experience  of  dif- 
ferent pathologists  varies  so  greatly,  even  when  in  the 
same  city  and  under  apparently  similar  conditions,  that 
no  certain  conclusion  can  be  drawn  from  the  statistics 
as  they  stand  at  present.  The  majority  of  German 
pathologists  regard  primary  intestinal  tuberculosis  as 
rare,  although  several  competent  observers  rate  its  oc- 
currence as  from  5  to  25  per  cent,  of  all  cases  of  tuber- 
culosis in  young  children.  English  writers  beUeve  that 
primary  tuberculosis  of  the  intestines  is  not  infrequent 
in  children,  while  in  America  individual  experience  and 
the  resulting  opinions  vary  greatly.  The  total  number 
of  reported  cases  of  undoubted  primary  intestinal  lesions 
is  very  small,  however,  in  proportion  to  the  great  fre- 
quency of  deaths  from  tuberculosis.  The  question  of 
the  infrequency  of  primary  intestinal  lesions  does  not, 
moreover,  affect  that  concerning  the  intestines  as  a  fre- 
quent avenue  of  entrance  of  tubercle  bacilli,  since  it  has 
been  shown  that  tubercle  bacilh  may  pass  through 
the  intestinal  wall  without  exciting  there  any  lesion. 
Further,  in  many  cases  the  seat  of  the  primary  infection 
m4y  be  wholly  overshadowed  by  the  more  rapidly  de- 
veloping secondary  or  general  conditions. 

Either  the  bovine  or  the  human  strain  of  tubercle 
bacillus  may  cause  primary  lesions  in  the  intestine,  the 
former  entering  the  body  in  milk  or  its  products,  while 
the  latter  enters  with  the  dust  of  the  air  and  is  swal- 
lowed in  the  saUva.  The  bovine  form  is  more  hkely  to 
occur  in  cliildren,  and  a  number  of  undoubted  cases  of 
primary  intestinal  lesions  due  to  bovine  bacilli  have 
been  reported.  It  is  possible  that  the  bovine  form  is 
more  common  than  is  generally  beheved.  The  relative 
freedom  of  the  intestine  from  tuberculous  lesions  as  com- 
pared to  the  greater  frequency  with  which  the  mesen- 
teric glands  are  involved  may  also  be  due  to  the  fact 
that  a  slight  tuberculous  lesion  of  the  intestine  may  dis- 
appear leaving  no  trace,  while  the  secondary  process  iii 
the  lymph  nodes  increases  in  severity  and  appears  as 
the  primary  localization  of  the  disease.  The  greater 
permeability  of  the  mucosa  of  the  intestine  in  children 
is  also  a  factor  to  be  considered. 

Secondary  Form  op  Intestinal  Tuberculosis. — In 
the  later  stages  of  pulmonary  tuberculosis,  or  less  fre- 
quently at  an  early  period  of  development  of  the  dis- 
ease, involvement  of  the  intestine  results  from  the  bacilli 
swallowed  in  the  sputum  or  saliva.  The  lesions  usually 
occur  in  the  lower  part  of  the  ileum  and  involve  particu- 
larly the  lymphoid  structures.  The  bacilU  in  the  in- 
testinal contents  adhere  to  the  surface  of  the  mucosa 
and  pass  through  it,  being  carried  most  probably  for  the 
greater  part  by  leucocytes  to  the  lymph-follicles.  Va- 
rious authorities  assert  that  the  intestinal  lesions  always 
begin  in  the  lymphoid  tissue,  but  very  minute  micro- 
scopical tubercles  may  be  found  in  the  stroma  of  the 
mucosa  or  submucosa  entirely  independent  of  the  lymph- 
oid structures. 

General  Pathology  of  Intestinal  Tuberculosis. 
— Tuberculosis  of  the  intestine  occurs  in  two  forms,  the 
ulcerative  and  the  hyperplastic.  The  ulcerative  form  is 
by  far  the  more  common.  The  bacilli  gaining  entrance 
into  the  stroma  of  the  mucosa  or  into  the  lymphoid 
tissue  of  the  solitary  folhcles  or  Peyer's  patches  cause 
first  a  local  degeneration  or  necrosis  which  is  followed 
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by  the  formation  of  a  characteristic  miliary  tubercle. 
These  may  be  isolated  or  multiple,  and  in  the  latter 
case  may  become  confluent.  As  they  increase  m  size 
they  undergo  central  caseation  and  softening,  and  ap- 
pear as  opaque  yellowish  nodules  elevated  above  the 
surface  of  the  mucosa.  As  the  caseation  increases  the 
overlying  mucosa  becomes  involved  and  the  caseous 
material  is  liberated  into  the  intestinal  lumen,  leaving 
a  small  round,  punched-out  cavity  in  the  centre  of  the 
miliary  nodules.  With  the  extension  of  the  process 
these  caseous  cavities  become  larger  and  take  on  the 
character  of  ulcers  having  more  or  less  ragged,  often 
undermined,  edges  surrounded  by  an  elevated  border 
in  which  grayish  translucent,  or  yellowish  opaque  mil- 
iary nodules  are  usually  present.  The  floor  of  the 
ulcer  is  covered  with  caseous  material  and  may  also 
be  set  with  miliary  tubercles.  The  process  is  usually 
shallow  in  the  majority  of  cases,  but  the  caseation  and 
subsequent  erosion  n^y  extend  to  any  depth  in  the  in- 
testinal wall,  not  infrequently  into  the  muscle-coats. 
Rapidly  developing  tuberculous  ulcers  may  lead  to  per- 
foration, either  into  the  peritoneal  cavity  or  into  a 
neighboring  coil  of  intestine  in  case  adhesions  have 
formed.  More  often  there  is  a  local  peritonitis  leading 
to  the  formation  of  adhesions  or  local  thickenings  of  the 
peritoneum  preventing  perforation  into  the  general 
peritoneal  cavity.  Perforation  into  or  between  such 
adhesions  may  lead  to  the  formation  of  faecal  abscesses. 
Very  rarely  perforation  into  the  bladder  or  uterus  or 
through  the  abdominal  wall  may  occur. 

In  the  more  slowly  growing  ulcers  there  is  usually  an 
abundant  formation  of  tuberculous  granulation  tissue 
in  the  base  of  the  vdcer  or  about  its  edges.  This  tissue 
may  be  so  abundantly  produced  as  to  cause  marked 
thickening  of  the  wall  of  the  intestine  and  a  constriction 
of  the  lumen.  Caseous  foci  are  usually  present  through- 
out the  granulation  tissue.  Although  an  entire  Peyer's 
patch  may  become  involved  in  the  ulcer,  the  long  axis 
of  the  latter  is  usually  transverse  so  that  "ring"  or 
"girdle  ulcers"  encircling  the  intestine  are  produced. 
The  tuberculous  process  extends  along  the  lymphatics 
of  the  intestinal  wall,  and  a  tuberculous  lymphangitis  is 
practically  always  present  in  the  immediate  neighbor- 
hood of  the  ulcer.  The  involved  lymph-vessels  appear 
to  the  naked  eye  as  tortuous  whitish  beaded  lines  or 
cords.  Miliary  tubercles  may  be  found  along  the  course 
of  the  affected  vessels.  The  resulting  chyle  stasis  leads 
to  general  or  local  dilatations  of  the  lymphatics,  in  the 
latter  case  appearing  as  chyle  cysts.  Miliary  nodules 
occur  in  the  subserosa  near  the  ulcer,  and  the  site  of 
■^he  intestinal  ulcer  can  be  told  by  the  local  peritonitis 
and  lymphangitis,  and  the  mesenteric  glands  are  al- 
ways involved  in  such  cases.  In  many  cases  tubercu- 
lous lesions  are  found  also  in  the  thoracic  duct.  From 
these  the  bacilli  may  be  given  off  into  the  lymph  and 
thence  into  the  blood  stream  in  such  numbers  that  a 
general  miliary  tuberculosis  is  produced.  Moreover, 
tubercle  bacilli  may  pass  into  the  thoracic  duct  from 
the  intestinal  lesion  or  the  caseous  mesenteric  glands, 
and  reach  the  blood-stream  without  exciting  any  le- 
sions in  the  duct  itself.  The  importance  of  intestinal 
tuberculosis  in.  the  production  of  reinfections  and  wide- 
spread metastases  is  very  evident. 

Small  isolated  tuberculous  ulcers  in  a  state  of  repair 
may  occasionally  be  found  in  the  intestinal  wall  par- 
ticularly m  patients  dying  during  the  early  stages  of  a 
pulmonary  tuberculosis.  Regeneration  of  the  mucosa 
to  a  greater  or  less  degree  is  often  found  about  the  edges 
of  the  more  chronic  ulcers.  The  new-forming  epithe- 
lium pusnes  in  from  the  sides  and  overhangs  the  floor 
of  the  ulcer  often  forming  polypoid  growths.  Con- 
traction of  the  ulcer  during  the  heahng  process  may 
lead  to  a  stenosis  of  the  intestinal  lumen.  The  mucosa 
of  the  intestine  in  the  neighborhood  of  the  tuberculous 
lesions  presents  the  picture  of  a.  subacute  or  chronic 
catarrhal  inflammation,  or  more  rarely  that  of  a  diph- 
theritic enteritis  or  coKtis.  Diarrhoea  is  usually  pres- 
ent m  the  advanced  cases,   and  this  symptom  is  the 
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result  of  the  diffuse  inflammatory  changes  in  the  mu- 
cosa. 

In  advanced  progressive  cases  the  lesions  in  the  ileum 
increase  in  size  and  severity  toward  the  ileo-caecal  valve. 
Through  the  confluence  of  the  ulcers  a  large  portion  of 
the  mucosa  may  be  destroyed.  In  addition  to  the 
larger  ulcers  hundreds  of  small  tuberculous  erosions  may 
be  found  over  miliary  tubercles  scattered  throughout 
the  mucosa  or  located  in  the  solitary  foUicles.  The 
small-intestine  aspect  of  the  ileo-csecal  valve  usually 
presents  the  most  marked  ulceration.  In  the  colon  the 
ulcers  are  rarely  ring-shaped,  but  are  usually  round  or 
irregular,  and  more  shallow  than  those  in  the  ileum.  In 
many  cases  they  are  more  numerous  in  the  caecum  and 
ascending  colon,  and  diminish  in  number  in  the  trans- 
verse and  descending  colon  to  become  more  numerous 
again  in  the  rectum.  The  tuberculous  process  in  the 
mucosa  of  the  rectum  is  often  associated  with  the  for- 
mation of  perirectal  tubercles  leading  to  the  formation 
of  fistulous  tracts  opening  in  or  about  the  anus.  The 
entire  rectal  mucosa  may  become  ulcerated  or  greatly 
thickened  from  the  formation  of  tuberculous  granula- 
tion tissue.  Numerous  false  passages  may  be  formed. 
Polypoid  growths  may  develop,  or  a  stricture  may  re- 
sult. 

The  appendix  may  be  involved  in  the  advanced  cases, 
the  pathological  picture  being  the  same  as  that  seen  in 
the  large  intestine.  Miliary  tubercles  may  be  found  in 
the  mucosa  or  submucosa,  or  the  mucosa  may  contain 
tuberculous  ulcers.  Occasionally  the  entire  appendix  is 
converted  into  a  sac  filled  with  caseous  material.  The 
appendix  may  also  contain  secondary  miliary  tubercles 
in  cases  of  primary  tuberculosis  of  the  Fallopian  tubes, 
the  remaining  portion  of  the  intestine  showing  no  le- 
sions. Primary  appendical  tuberculosis  is  rare.  The 
pathological  picture  is  the  same  as  that  seen  in  the  sec- 
ondary form. 

Hyperplastic  Variety  of  Intestinal  Tuberculosis. — A 
rare  form  of  intestinal  tuberculosis  is  that  associated 
with  a  marked  thickening  of  the  intestinal  wall  due  to 
the  formation  of  tubercles  in  the  submucosa  and  mus- 
cularis.  The  overl3dng  mucosa  may  show  no  change 
beyond  that  of  atrophy.  Ulceration  may  be  entirely 
absent.  There  is  little  or  no  caseation.  The  ileo-csecal 
region  is  usually  affected,  although  the  process  may  in- 
volve any  coils  that  become  adherent  to  the  seat  of  the 
primary  lesion.  Strictures  of  the  intestine  may  be  pro- 
duced at  intervals,  while  the  intervening  portions  of  the 
intestine  may  be  relatively  normal  -or  show  a  much  less 
advanced  stage  of  the  disease.  In  the  neighborhood  of 
the  constrictions  the  peritoneum  is  usually  studded  with 
pedunculated  masses  of  tubercles,  and  the  neighboring 
mesentery  is  thickened  and  infiltrated  with  tuberculous 
granulation  tissue.  The  corresponding  mesenteric  glands 
are  tuberculous.  Polypoid  masses  of  tubercle  may  also 
project  into  the  lumen  of  the  bowel.  These  may  be 
covered  with  mucosa,  either  normal  or  atrophic,  but 
rarely  showing  ulceration.  In  some  cases  typical  tuber- 
cles are  not  formed;  the  tissues  are  found  to  be  infil- 
trated with  round  cells  without  epithelioid  cells  or  casea- 
tion, although  tubercle  baciUi  can  be  demonstrated  in 
great  numbers  between  the  cells  of  the  infiltration.  The 
condition  of  hyperplastic  intestinal  tuberculosis  is  usu- 
ally primary;  only  rarely  is  it  accompanied  by  pulmo- 
nary disease.  In  the  later  stages  of  the  disease  the 
infection  may  become  generalized,  and  death  usually  re- 
sults from  such  complications.  The  slow  development 
of  the  disease  and  its  peculiar  pathology  point  to  an  in- 
fection with  a  strain  of  tubercle  bacillus  of  relatively 
low  virulence. 

Symptoms. — The  symptoms  of  intestinal  tuberculrsis, 
whether  primary  or  secondary,  are  often  vague.  Diar- 
rhoea and  constipation  may  alternate,  or  either  one  of 
these  symptoms  may  be  the  predominant  feature.  Col- 
icky pains  may  be  present,  occurring  mostly  in  the 
lower  part  of  the  abdomen.  These  may  be  transient 
and  of  a  slight  degree,  or  severe  and  persistent.  The 
pain  is  usually  more^sc\'ere  after  eating  or  preceding 
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bowel  movements.  Nausea  and  vomiting  may  accom- 
pany the  pain.  In  many  cases  a  marked  thirst  is  pres- 
ent. Blood  in  the  stools  visible  to  the  naked  eye  is 
rare,  but  the  occult  test  may  reveal  its  presence  in  the 
ulcerative  forms.  Tubercle  bacilli  may  be  found  in  the 
stools,  but  as  the  presence  of  the  bacilli  in  the  fasces  may 
be  due  to  the  swallowing  of  sputum  containing  them, 
their  presence  cannot  be  taken  as  a  positive  sign  of  in- 
testinal involvement.  In  the  more  advanced  cases  a 
chronic  diarrhcea  is  usually  present.  The  symptoms  of 
secondary  intestinal  tuberculosis  are  often  entirely  ob- 
scured by  the  severity  of  the  primary  pulmonary  affec- 
tion. The  presence  of  the  intestinal  involvement  may 
be  revealed  only  through  the  occurrence  of  a  severe 
hemorrhage  from  the  bowels,  or  the  symptoms  of  a 
stenosis.  The  symptoms  of  a  tuberculous  appendicitis 
are  also  very  vague,  and  the  condition  has  usually  been 
discovered  only  at  autopsy.  The  writer  has  seen  two 
cases  in  which  the  appendix  removed  for  symptoms  of 
appendicitis  showed  the  presence  of  tubercles  in  the  ab- 
sence of  symptoms  of  tuberculosis  elsewhere  in  the  body. 
In  rectal  tuberculosis  the  chief  symptom  is  the  pain, 
which  may  be  constant  or  intermittent.  It  is  increased 
by  defecation.  Symptoms  of  rectal  stenosis  may  de- 
velop in  rare  cases. 

In  the  absence  of  symptoms  of  tuberculosis  elsewhere 
in  the  body  the  clinical  complex  of  loss  of  weight,  fever, 
night-sweats,  etc.,  in  connection  with  alternating  diar- 
rhcea and  constipation,  abdominal  pain,  etc.,  would  in- 
dicate a  primary  intestinal  tuberculosis. 

The  symptoms  of  the  hypertrophic  form  are  also  vague. 
Loss  of  weight,  weakness,  abdominal  pains  with  crises 
corresponding  to  temporary  obstruction  of  the  intes- 
tinal lumen  at  the  points  of  stricture,  alternating  diar- 
rhoea and  constipation,  nausea  and  vomiting,  slowly  de- 
veloping abdominal  tumor,  etc.,  point  to  the  existence 
of  a  hypertrophic  intestinal  tuberculosis.  Fever  is  usu- 
ally absent  in  this  form;  and  characteristic  painful 
points  are  not  present.  Distention  of  the  abdomen  is 
rare.  The  tumors  are  usually  multiple,  often  cylindri- 
cal in  shape,  and  are  more  or  less  movable.  They  are 
tender  on  deep  palpation,  and  show  a  progressive  in- 
crease in  size.  In  the  cases  with  well-marked  stenoses 
characteristic  gurghng  borborygmi  may  often  be  heard 
at  the  end  of  the  colicky  attacks  as  the  result  of  the 
passage  of  gas  and  fluids  through  the  stenosis.  As  the 
degree  of  stenosis  increases,  the  symptoms  of  obstruc- 
tion become  more  pronounced  and  the  characteristic 
vomiting  of  this  condition  may  then  occur.  In  the 
early  stages  the  vomiting  is  not  suggestive  of  either  ob- 
struction, appendicitis,  or  peritonitis.  The  geiieral  pict- 
ure may  suggest  the  existence  of  malignant  intestinal 
disease,  and  the  condition  is  sometimes  mistaken  for  the 
latter,  even  at  operation.  Hyperplastic  tuberculosis  of 
the  intestine  is,  however,  seen  most  frequently  in  early 
adult  life. 

Diagnosis. — The  diagnosis  of  primary  tuberculosis  of 
the  intestines  of  the  ulcerative  type  rests  upon  the  oc- 
currence of  diarrhcea  alternating  with  constipation,  or 
a  chronic  diarrhoea  associated  with  abdominal  pain, 
emaciation,  night-sweats,  fever,  etc.  The  tuberculin 
test  may  be  employed  in  doubtful  cases,  or  the  opsonic 
index  taken  on  several  successive  days  may  serve  as  a 
factor  in  the  diagnosis.  The  stools  should  be  examined 
for  tubercle  bacilU  according  to  the  method  of  Strass- 
burger.  They  are  diluted  and  sedimented  first  with 
water  and  then  with  alcohol,  thereby  decreasing  the 
specific  gravity  and  hastening  sedimentation.  The  final 
sediment  thus  obtained  may  be  utilized  for  making 
smears  that  are  to  be  stained  in  the  usual  way. 

In  the  differential  diagnosis  of  primary  hypertrophic 
tuberculosis  of  the  intestine  the  presence  of  a  tumor  or 
tumors  showing  progressive  enlargement,  without  gen- 
eralized distention,  fever,  or  leucocytosis  would  serve  to 
differentiate  this  condition  from  appendicitis.  In  the 
differentiation  from  maUgnant  disease  of  some  one  of 
the  abdominal  organs  the  tubercuhn  test,  Calmette  s 
reaction,  the  opsonic  index,  etc.,  may  be  used  as  diagnos- 


tic aids.     Exploratory  operation  may  ultimately  be  in- 
dicated. 

The  diagnosis  of  secondary  intestinal  tuberculosis  is 
often  difficult  or  impossible,  since  the  intestinal  condition 
may  be  masked  by  the  more  severe  general  symptoms. 
Intestinal  involvement  may  safely  be  assumed  to  exist  in 
practically  every  case  of  advanced  pulmonary  tubercu- 
losis. Symptoms  of  enteritis  usually  indicate  its  existence. 

Phognosis. — Undoubtedly  patients  with  primary  tu- 
berculosis of  the  intestine  may  recover.  There  is  good 
reason  to  beUeve  that  small  lesions  at  the  point  of  en- 
trance of  the  bacilli  in  the  intestinal  mucosa  may  en- 
tirely disappear.  Secondary  lesions  sometimes  heal,  but 
as  the  majority  of  these  occur  in  advanced  cases  of 
pulmonary  disease  the  prognosis  is  usually  hopeless. 
In  the  case  of  the  hypertrophic  form  early  operation  may 
effect  a  cure;  but  at  the  stage  in  which  the  affection  is 
usually  recognized  and  operated  upon  generalization  of 
the  infection  usually  occurs  after  one  or  more  years. 

Treatment. — The  medical  treatment  of  intestinal 
tuberculosis  is  almost  wholly  symptomatic,  and  usually 
without  much  effect.  The  regulation  of  the  diet  is  the 
most  important  factor  in  checking  the  symptoms  of  en- 
teritis. Fruits,  vegetables,  etc.,  are  to  be  prohibited. 
In  very  severe  cases  it  may  be  necessary  to  resort  to  the 
use  of  boiled  milk  or  albumin  water.  Lime  water  may 
be  used  with  the  milk.  The  general  treatment  is  that 
accorded  late  stages  of  pulmonary  tuberculosis. 

Local  applications,  ice-  or  hot-water  bag,  turpentine 
stupes,  etc.,  may  serve  to  relieve  the  abdominal  pain  in 
those  cases  in  which  this  is  a  serious  symptom.  Irri- 
gation with  salt  solution  to  which  a  few  drops  of  lauda- 
num have  been  added  is  recommended.  Enemata  of 
starch  and  laudanum,  or  suppositories  of  opium  or  mor- 
phine, become  necessary  in  the  great  majority  of  cases. 

In  the  case  of  primary  intestinal  tuberculosis,  par- 
ticularly of  the  hyperplastic  type,  the  excision  of  the 
affected  portion  of  the  bowel  offers  a  hope  of  recovery  in 
those  patients  in  whom  an  early  diagnosis  is  made.  The 
ileocaecal  portion  of  the  gut  may  be  resected  and  the 
local  lymph-nodes  removed.  The  after-treatment  should 
be  that  directed  against  tuberculous  infection  in  gen- 
eral. When  excision  is  impossible  a  lateral  anastomosis 
may  effect  great  relief.  The  treatment  of  tuberculous 
appendicitis,  perirectal  abscess,  fistula-in-ano,  etc.,  be- 
comes ultimately  surgical,  although  the  usual  symptom- 
atic medical  measures  may  be  used  according  to  indica- 
tions. Excision  of  the  abscess  or  fistulous  tract  may 
result  in  complete  healing.  A  similar  result  has  also 
followed  the  injection  of  mercurial  ointment. 

Aldred  Scott  Warthin. 

lOTHION  is  the  diiodohydroxypropane,  C3H6l5(OH). 
It  is  a  thick,  yellowish,  oily,  heavy  liquid  of  a  peculiar 
odor,  neutral  reaction,  containing  eighty  per  cent,  of 
iodine.  Sparingly  soluble  in  water,  easily  so  in  alcohol, 
ether,  and  fatty  oils  and  lanolin  or  adeps  lanse.  Ap- 
plied to  the  skin  it  is  quickly  absorbed,  iodine  reaction 
showing  in  the  urine  in  an  hour  after  taking.  This 
property  of  absorption  allows  of  the  iodine  coming  in 
immediate  contact  with  the  diseased  tissues,  thus  avoid- 
ing the  gastric  disturbances  which  follow  the  iodine 
when  given  internally;  besides,  the  general  organism 
does  not  suffer  from  the  potassium  or  other  content  of 
chemicals  commonly  used  to  influence  local  lesions. 

The  drug  is  used  in  tertiary  syphilis  and  other  dis- 
eases affecting  the  skin,  mucous  membrane,  and  bones, 
also  in  late  secondary  types  of  syphilis  in  combination 
with  mercurial  injections;  in  periostitis,  inflammation 
of  the  joints,  and  enlargements  of  the  glands. 

lothion  may  be  applied  pure  with  a  brush  to  the  un- 
broken or  uninflamed  skin,  or  diluted  with  oil  twenty- 
five  per  cent. ;  solution  in  alcohol  or  glycerin  fifty  per 
cent.;  or  in  ointments  with  lanolin  or  vaseline,  or  a 
mixture  of  the  two,  in  twenty-five  to  fifty  per  cent, 
strength.  When  applied  to  the  mucous  membrane  or 
sensitive  regions  it  should  be  used  with  care,  as  it  may 
produce  irritation.  John  W.  Wmnwright. 
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IRON,  POISONING  BY.— Metallic  iron  and  those  com- 
pounds'of  iron  which  are  insoluble  in  water  are  not 
poisons.  The  soluble  salts,  however,  though  not  active 
poisons,  have  an  irritant  action,  and  are  capable  of  de- 
stroying life  when  taken  in  large  doses  and  in  a  concen- 
trated state.  The  continued  administration  of  medicinal 
doses  even  produces,  after  a  time,  decided  gastric  dis- 
turbance. It  is  probable  that  all  the  soluble  preparations 
may  act  as  irritant  poisons  when  administered  in  large 
doses.  The  most  important,  however,  from  a  medico- 
legal point  of  view,  are  ferrous  sulphate  (copperas,  green 
vitriol),  ferric  chloride  (perchloride),  which  is  used  medic- 
inally in  the  form  of  tincture,  and  the  tannate  in  the  form 
of  inli. 

Tlie  salts  of  iron  are  rarely  administered  for  criminal 
purposes.  Most  of  the  reported  cases  of  poisoning  have 
been  the  result  of  accident,  or  of  the  use  of  the  sulphate 
or  the  tincture  of  the  chloride  of  iron  in  attempts  at 
abortion.  The  symptoms  which  follow  the  administra- 
tion of  large  doses  of  the  preparations  named  are  essen- 
tially similar  to  those  produced  by  the  irritants  in  gen- 
eral. There  are  a  styptic  taste  in  the  mouth,  nausea, 
vomiting,  pain  in  the  stomach,  and  intestines,  and  purg- 
ing. The  evacuations  are  black,  owing  to  the  conversion 
of  the  iron  salt  into  a  tannate  by  the  tannic  acid  of  the 
food,  or  into  a  sulphide  by  the  sulphureted  hydrogen 
resulting  from  decomposition  in  the  intestines.  Irrita- 
tion of  the  genito-urinary  passages  is  sometimes  observed. 
The  tincture  of  the  chloride  of  iron  is  more  corrosive  in 
its  action  than  the  sulphate,  by  reason,  apparently,  of 
the  free  hydrochloric  acid  which  it  frequently  contains. 
Its  injection  into  the  cavities  of  the  body,  for  the  pur- 
pose of  arresting  hemorrhage,  has  proved  fatal. 

The  amount  of  any  of  the  preparations  of  iron  required 
to  endanger  life  is  not  accurately  known,  but  appears  to 
be  quite  large.  In  most  of  the  cases  in  which  the  sul- 
phate has  been  taken,  the  amount  was  unknown.  Re- 
covery has  taken  place  after  a  dose  of  31  gm.  ( §  i.)  of 
the  sulphate  (Christison).  A  case  is  reported  in  which 
48  gm.  (fl  §  iss.)  of  the  tincture  of  the  chloride  of  iron 
proved  fatal  in  about  five  weeks  (Christison).  Recovery 
has  taken  place  after  doses  of  33-96  gm.  of  this  prepara- 
tion. The  favorable  issue  is  probably  due,  in  many 
cases,  to  the  early  occurrence  of  vomiting. 

The  results  of  experiments  on  animals  are  not  uniform. 
Gmelin  states  that  7.7  gm.  (  3  ij.)  of  the  sulphate  of  iron 
administered  to  dogs  by  the  mouth  caused  vomiting  only ; 
that  2.6  gm.  (gr.  xl.)  administered  to  rabbits  produced  no 
injury;  and  that  1.3  gm.  (gr.  xx.)  injected  into  the  veins 
of  a  dog  produced  no  symptom  whatever.  Dr.  Smith, 
however,  states  that  7.7  gm.  will  prove  fatal  to  dogs 
when  administered  by  the  mouth  or  applied  to  a  wound. 

The  post-mortem  appearances  are  those  of  a  simple 
irritant,  and  are  confined,  so  far  as  has  been  observed,  to 
the  stomach  and  upper  part  of  the  intestines.  In  acute 
cases  the  contents  of  the  intestines  will  probably  present 
a  black  appearance,  owing  to  the  presence  of  the  tan- 
nate or  the  sulphide  of  iron. 

Iron  is  eliminated  to  some  extent  In  the  urine.  A  small 
amount  only  is  absorbed  in  any  event,  the  greater  part 
escaping  in  an  insoluble  form  with  the  fajces. 

Treatment  consists  in  the  use  of  the  stomach-pump  or 
of  emetics  if  necessary.  Magnesia  or  dilute  solutions  of 
alkahne  carbonates  should  be  administered  as  antidotes 
and  these  should  be  followed  by  demulcents. 

William  B.  Hills. 

LA  BOURBOULE^La  Bourboule  is  situated  in  the 
central  portion  of  France,  directly  south  from  Paris 
from  which  It  IS  distant  282  miles,  about  ten  hours'  ride 
by  rail.  It  is  famous  for  its  hot  arsenical  Nprings  La 
Bourboule  lies  ma  valley  of  the  Auvergne  Moun(.dns,at 
an  elevation  of  2,700  feet.  It  is  open  to  the  east  a:nd 
south,  but  protected  on  the  north  and  west  by  the 
mountains.  The  climate  possesses  the  charactcnstics 
ot  that  of  medium  altitudes ;  it  is  tonic,  sunny  and  in- 
vigorating. Thunder-storms  of  short  duration'  are  fre- 
quent, as  in  other  mountain  resorts.     The  scenery  is 


varied  and  attractive,  and  there  are  many  interesting 
excursions  in  the  neighborhood.  The  season  extends 
from  May  25th  to  October  30th. 

The  fame  of  these  waters  depends  upon  the  arsenic 
they  contain,  being  the  richest  hot  arsenical  waters 
known.  They  also  contain  in  very  considerable  amounts 
bicarbonate  and  chloride  of  sodium.  They  are  employed 
in  diseases  for  which  arsenic  is  applicable  and  beneficial. 
There  are  also  cold  springs,  but  the  hot  ones  are  chiefly 
if  not  exclusively  employed. 

The  two  hot  springs  are  "  La  Source  Choussy-Per- 
riSre,"  of  a  temperature  of  136°  F.,  containing  in  a  litre 
3  gm.  of  sodium  chloride,  3.8  of  sodium  bicarbonate, 
and  0.028  of  sodium  arsenate;  and  "  La  Source  Croi- 
zat,"  of  a  temperature  of  113°  F.,  containing  5.63  gm. 
of  sodium  chloride,  3.0  of  sodium  bicarbonate,  and  0.025 
of  arseniate  of  sodium.  The  water  is  clear,  with  a  salt 
taste  and  without  odor.  It  is  used  for  drinking,  baths, 
and  inhalation;  the  internal  use  of  the  water  is  the 
most  important,  and  it  is  drunk  at  about  a  temperature 
of  100°  r.  in  daily  doses  of  from  three  to  eighteen 
ounces,  or  even  more,  divided  into  three  portions,  taken 
at  different  times  of  the  day. 

The  baths  are  taken  separately  or  in  a  common  pool, 
and  in  skin  affections  they  are  often  prolonged  for  sev- 
eral hours,  but  the  water  is  not  very  hot.  In  the  in- 
halation chambers  the  water  is  finely  pulverized,  and 
thus  employed  in  respiratory  affections.  Pulverization 
chambers  with  numerous  apparatus  for  nasopharyngeal 
and  cutaneous  affections,  and  various  kinds  of  douches, 
vapor  baths,  arrangements  for  dry  and  wet  massage,  are 
all  found  in  the  well-equipped  bath  establishment. 

The  diseases  for  which  these  waters  are  applicable 
and  beneficial  are:  first,  chronic  skin  diseases,  such  as 
eczema,  ichthyosis,  psoriasis,  lichen  ruber,  lupus,  urti- 
caria, etc. ;  second,  chronic  diseases  of  children,  such  as 
glandular  enlargements,  scrofula,  tuberculous  diseases 
of  the  bones — weakly  children  and  those  with  a  tuber- 
culous inheritance,  and,  as  well,  those  with  whom  the 
seaside  disagrees,  are  also  benefited  by  these  waters  and 
the  climate ;  third,  ansemia  and  clilorosis,  when  not 
amenable  to  the  iron  treatment ;  fourth,  chronic  catar- 
rhal conditions  of  the  pharynx,  larynx,  trachea,  and 
bronchi,  when  there  is  an  arthritic  or  neuroarthritic 
tendency,  especially  when  associated  with  a  skin  affec- 
tion; fifth,  malarial  cachexia,  neurasthenia  with  an- 
semia, certain  cases  of  arthritis  deformans,  neuralgia  re- 
sulting from  malaria,  the  cachexia  of  syphilis,  feeble, 
rheumatic,  and  gouty  persons ;  sixth,  diabetes  and  some 
forms  of  albuminuria. 

Contraindications:  Those  conditions  for  which  the 
water-cure  treatment  in  general  is  contraindicated, — 
advanced  arteriosclerosis,  degeneration  of  the  myo- 
cardium, degenerative  changes  in  the  cerebral  arteries, 
non-compensated  valvular  diseases  of  the  heart,  malignant 
diseases,  extreme  age,  fever,  and,  in  particular,  a  hemor- 
rhagic tendency,  cirrhosis  of  the  liver,  and  renal  lithiasis. 
The  duration  of  the  "  cure  "  is  generally  very  short, 
varying  according  to  the  malady  and  the  results  obtained. 
The  accommodations  are  abundant  and  good.  Four 
thousand  persons,  it  is  said,  can  be  received  at  one 
time,  and,  as  lias  been  said,  the  bath  establishments  are 
well  equipped  and  elaborate.  There  are  the  usual 
amusements  found  at  French  watering-places, — music, 
theatre,  casino,  parks,  and  promenades.  Here,  as  at  all 
well-known  spas,  reliable  medical  advice  can  be  ob- 
tained. 

The  La  Bourboule  waters  are  exported  and  can  be  ob- 
tained in  any  country.  Edward  0.  Otis. 

LEUK/EMIA. — Treatment  by  Roentgen  Irradia- 
tion.— The  application  of  the  Roentgen  rays  to  the  treat- 
ment of  leukicmia  was  first  made  by  American  physi- 
cians, Pusey  (1902),  Senn  (1903),  and  Brown,  Bryant,  and 
Crane  (1904).  The  results  obtained  by  the  treatment 
were  so  striking  that  the  attention  of  the  entire  medical 
world  was  directed  to  tlie  method,  and  it  was  at  once 
given  a  trial  wlierever  leukaemic  patients  were  accessible. 
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Since  1904  more  than  two  hundred  cases  of  leukEemia 
have  been  reported  in  the  literature  as  having  been 
treated  by  Roentgen  irradiation,  and  it  is  now  possible 
to  draw  certain  conclusions  concerning  the  value  of  the 
treatment,  and  the  following  statements  are  based  upon 
an  analysis  of  the  reported  cases. 

As  the  result  of  the  repeated  exposures  of  short  dura- 
tion there  occurs  in  many  oases  of  myelirmia  a  symp- 
tomatic cure,  manifesting  itself  by  a  marked  reduction 
in  the  size  of  the  spleen  and  in  a  great  improvement  or 
return  to  the  normal  of  the  blood  condition.  The  num- 
ber of  the  white  cells  may  be  brought  back  to  normal, 
the  red-cell  count  increased,  and  the  color  index  raised. 
In  some  cases  the  relative  proportion  of  the  white  cells 
appears  also  to  be  restored  to  the  normal ;  but  in  the 
cases  most  carefully  studied  the  blood  still  shows  leukse- 
mic  characteristics  in  the  presence  of  myelocytes,  mast- 
cells,  or  atypical  white  cells.  Nevertheless  the  number 
of  these  cells  is  often  reduced  from  high  proportions  to 
such  low  ones  that  on  a  superficial  examination  the 
white  cells  may  appear  to  be  in  normal  variety  and  pro- 
portion. The  general  condition  of  the  patient  is  greatly 
improved,  and  he  is  often  enabled  to  return  to  his  busi- 
ness or  occupation,  and  for  a  number  of  months  he  may 
show  such  a  freedom  from  symptoms  that  he  may  re- 
gard himself  as  cured. 

Such  a  cure  is,  however,  only  a  symptomatic^  one ; 
sooner  or  later  recurrence  takes  place  and  the  disease 
goes  its  usual  course  to  a  fatal  end.  No  proof  of  an 
absolute  cure  of  myetemia  by  Roentgen  irradiation  has 
yet  been  produced.  Moreover,  not  all  cases  of  mye- 
lasmia  respond  to  the  treatment,  even  when  the  irradia- 
tion is  continued  for  some  time.  Those  cases  of  mye- 
Isemia  presenting  the  symptom  of  pain  in  the  bones  or 
enlarged  lymph  glands  react  to  the  treatment  very 
slowly,  or  may  not  respond  to  it  at  all.  Occasional  cases 
in  which  these  symptoms  are  not  present  also  fail  wholly 
to  react  favorably  to  the  treatment  with  Roentgen  rays, 
even  when  it  is  extended  over  some  period  of  time. 

Cases  of  lymphasmia  are  influenced  by  irradiation  to 
a  much  less  degree  than  those  of  myelsmia.  Neverthe- 
less in  some  cases  the  number  of  the  white  cells  is  re- 
duced, and  the  spleen  and  lymph  glands  diminished  m 
size.  The  erythrocyte  count  and  the  color  index  are 
likewise  raised,  but  the  relative  proportion  of  the  dif- 
ferent forms  of  white  cells  is  not,  as  a  rule,  greatly  af- 
fected Only  in  a  few  cases  is  the  normal  proportion 
restored.  Occasionally  the  proportion  of  the  lym- 
phocytes rises  during  the  treatment ;  and  an  aleukemic 
lymphocytoma  may  be  transformed  into  a  lymphatic 
leuka;mia  during  the  course  of  treatment  by  Roentgen 
irradiation.  The  reports  in  the  literature  do  not  show 
such  a  uniformity  of  results  in  the  treatment  of  lym- 
phatic leukemia  as  in  the  case  of  myetemia,  therefore 
such  definite  statements  cannot  be  made  concermng  the 
former.  In  general  the  cases  of  lymphatic  leukEemia 
require  a  much  more  vigorous  and  protracted  treatment 
with  the  rays  in  order  to  bring  about  approximately  the 
same  results  as  may  be  obtained  in  myetemia.  In  those 
cases  of  lymphajmia  in  which  there  is  an  improvement 
of  the  blood  condition  the  general  state  of  the  patient 

is  likewise  bettered.  .  , .      , 

In  the  case  of  both  myelaemia  and  lymphffimia  the 
earlier  the  treatment  is  begun  the  more  marked  is  the 
reaction.  This  apparently  does  not  apply  to  the  condi- 
tion diagnosed  clinically  as  '_'  acute  leukemia  since  m 
this  form  the  treatment  by  irradiation  does  not  appear 
to  give  good  results.  Moreover,  m  a  few  cases  of  chronic 
r^ylteilia  the  treatment  has  apparently  produced  an 
exacerbation  of  the  symptoms  with  the  clinical  appear- 
ances of  an  acute  intoxication  terminating  speed  y  n 
death  Inasmuch  as  such  phenomena  may  occur  m 
cLes  of  leukaemia  not  treated  by  RoffJ^gf^iif^f^t 
they  cannot  definitely  be  ascribed  to  the  .treatment. 

Nevertheless  certain  dangers  are  associated  with  the 
use  of  Roentgen  rays  as  a  therapeutic  agent  m  the  treat 
ment  of TeuSia     Aside  from  the  local  effects  upon 
the  sk?n  r^-ray  burn")  and  the  changes  produced  in 
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the  sexual  glands  (sterility),  that  can  to  a  large  extent 
be  guarded  against  by  proper  technique,  there  are  cer- 
tain specific  dangers  attending  the  treatment  that  must 
he  considered.  These  dangers  are  the  direct  outcome 
of  the  changes  produced  in  the  body  by  the  rays,  and  it 
is  in  these  very  changes  that  the  good  results  of  the 
treatment  lie.  The  researches  of  Heineke,  Warthin,  and 
others  have  shown  the  selective  destructive  action  of 
Roentgen  rays  upon  the  lymphocytes  and  myelocytes, 
and  their  parent  cells  in  the  spleen,  lymph  glands,  and 
bone-marrow.  To  such  a  destruction  of  white  cells  and 
their  parent  cells  is  the  improvement  seen  in  leuka?mia 
due.  It  has  also  been  shown  that  this  destruction  goes 
on  for  some  time  after  irradiation ;  in  some  cases  the  dim- 
inution in  the  number  of  white  cells  has  persisted  for 
weeks  after  the  treatment  has  ceased.  Such  a  persist- 
ent leucocytolysis  has  been  explained  on  the  ground  of 
a  formation  of  a  "  leucotoxin,"  and  a  number  of  writ- 
ers (Curschmann  and  Gaupp,  Schmidt  and  Garonne, 
Capps,  etc.)  believe  that  they  have  demonstrated  the 
presence  of  such  a  leucotoxin  in  the  blood  of  cases  of 
leukemia  treated  by  irradiation.  According  to  Schmidt 
and  Gc5ronne  the  leucotoxin  is  excreted  by  the  kidneys, 
since  in  nephrectomized  animals  the  leucocytolysis  fol- 
lowing irradiation  is  much  greater  than  in  normal  ani- 
mals. 

The  disintegration  of  such  a  large  amount  of  nucleo- 
protein  in  the  body  with  the  resulting  severe  disturb- 
ance of  metabolism  that  must  occur  in  the  case  of  the 
destruction  of  great  numbers  of  white  cells  by  the  rays 
would  favor  the  occurrence  of  a  toxa?mia.  That  such 
a  metabolic  disturbance  occurs  is  shown  by  the  increased 
total  nitrogen  output  in  the  urine,  with  an  increase  in 
the  excretion  of  uric  acid,  purin  bases,  and  phosphates. 
Clinical  evidence  of  such  an  intoxication  is  shown  in  the 
rapidly  developing  toxic  conditions  sometimes  seen 
after  one  irradiation  only.  The  typhoidal  state,  fever, 
nervous  phenomena,  etc.,  all  suggest  an  intoxication  of 
proteid  origin.  In  some  cases  these  symptoms  lead 
quickly  to  death.  Experimental  investigations  also 
favor  this  view  of  the  nature  of  the  toxic  reaction  pro- 
duced by  the  Roentgen  rays. 

A  second  danger  hes  m  the  production  of  kidney 
changes  through  the  excretion  of  toxic  substances. 
Warthin  has  shown  that  the  kidneys  of  five  cases  of 
leuka-mia  treated  for  some  time  with  Roentgen  irradia- 
tion presented  marked  degenerative  changes  with  ex- 
tensive deposits  of  lime  salts,  resembling  the  changes 
sometimes  seen  after  poisoning  with  mercuric  chloride 
etc  Experimental  investigations  have  shown  also  that 
renal  changes  may  be  produced  by  repeated  or  pro- 
longed irradiation  of  the  body.  Schmidt  and  G&onne 
believe  that  the  leucotoxin  developing  after  Roentgen 
irradiation  is  excreted  through  the  kidneys,  and  it  is 
possible  that  this  poison  may  also  affect  the  renal 
epithelium.  ,  ,     .       .  ^, 

In  spite  of  these  dangers  the  analysis  of  the  cases  re- 
Dorted  up  to  the  present  time  justifies  the  use  of  Roent- 
gen irradiation  through  the  fact  that  m  many  cases  it 
causes  a  marked  though  temporary  improyeinent  and 
nrolongs  the  patient's  life  for  a  definite  period  of  time. 
Inasmuch  as  leuktemia  is  a  hopeless  disease,  leading  to 
a  fatal  termination  in  a  relatively  short  time,  any  meth- 
od bv  which  the  final  event  can  be  postponed  is  certainly 
a  therapeutic  gain.  Practically  the  only  other  method 
bv  which  the  course  of  leuka;mia  can  be  altered  is  by 
the  internal  administration  of  arsenic.  This  drug  must 
however,  be  pushed  to  its  physiological  limits,  so  that 
the  danger  of  arsenical  poisoning  must  always  be  con- 
sidered The  degree  of  leucocytolysis  following  the 
administration  of  Irsenic  is  less  than  that  following  irra- 
diation, and  the  white-cell  count  rises  more  quicU}  alter 
ward.  The  persistent  leucocytolysis  ^fen  often  after 
but  a  few  exposures  to  the  rays  does  not  find  a  parallel 
in  the  case  of  arsenic;  and  the  reduction  m  the  size  of 
he  spleen  and  lymph,  glands  is  ah... ys  more  marked 
the  case  of  Roentgen  irradiation.     Moreover,  a  relati 


rhefpl^^rand i;;^;h  gfands-is  M.vays  more  marked  in 
the  case  of  Roentgen  irradiation.  Moreover,  a  relative- 
ly large  nunTber  of  patients  do  not  react  favorably  to  the 
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arsenic  treatment.  Symptoms  of  proteid  intoxication 
may  also  occur  suddenly  during  the  course  of  treatment 
with  arsenic,  so  that  this  phenomenon  cannot  be  re- 
garded as  a  direct  sequel  of  either  form  of  treatment. 

Taking  everything,  into  consideration,  we  must  regard 
the  treatment  by  irradiation  as  the  one  offering  to  the 
patient  the  greatest  number  of  chances  for  a  temporary 
symptomatic  cure,  whereby  he  may  secure  a  respite  of 
weeks  or  months.  To  business  men  such  a  postpone- 
ment of  the  fatal  termination  may  be  a  matter  of  great 
moment. 

Since  both  the  Roentgen  rays  and  arsenic  have  the 
common'property  of  causing  leucocytolysis,  and  as  the 
continued  use  of  either  one  is  attended  by  certain  dangers, 
the  most  rational  plan  of  treatment  would  appear  to  be 
an  alternation  of  the  two.  This  has  been  advised  by  a 
number  of  writers  who  have  found  by  experience  that 
the  coincident  use  of  the  two  therapeutic  agents,  with 
alternation  according  to  indications,  leads  to  the  most 
marked  improvement. 

The  treatment  of  the  leukjemic  patient  by  irradiation 
should  be  placed  in  the  hands  of  an  expert  operator. 
Thorough  protection  against  the  incidental  dangers  of 
the  exposures  should  be  afforded;  all  portions  of  the 
body  of  the  patient  except  that  to  be  treated  should  be 
protected.  A  medium  tube  is  advised  by  those  who 
have  had  the  best  results;  and  short  exposures  are 
given  for  a  definite  period,  and  then  the  irradiation  is 
omitted  for  a  time  while  the  internal  administration  of 
arsenic  is  pushed.  The  periods  between  the  Roentgen- 
ray  treatments  should  be  gradually  lengthened.  In 
cases  of  myeljemia  the  spleen  and  the  long  bones  are  al- 
ternately exposed.  As  the  spleen  is  more  easily  influ- 
enced by  the  rays  this  organ  should  be  more  frequently 
exposed  than  the  bones.  When  the  lymph  glands  are 
enlarged  these  should  also  be  treated  in  turn.  In  cases 
of  ly.mphatic  leuktemia  the  spleen,  regional  lymph  glands, 
and  bones  are  exposed  alternately. 

During  the  course  of  the  treatment  it  is  very  impor- 
tant for  the  physician  to  control  the  exposures  by  mak- 
ing thorough  examinations  of  the  patient's  blood  and 
urine.  An  increase  in  the  number  of  white  cells  during 
the  periods  between  the  exposures  is  an  indication  for 
renewing  the  latter.  It  must  be  borne  in  mind,  how- 
ever, that  the  first  exposures  often  cause  in  leuksemic 
cases  first  a  rise  in  the  number  of  white  cells  and  then  a 
fall,  while  after  repeated  exposures  this  primary  increase 
does  not  occur  and  the  fall  takes  place  at  once.  A  de- 
crease in  the  number  of  red  cells  should  be  taken  as  an 
indication  for  pushing  the  arsenic.  The  changes  in  the 
spleen  and  lymph  glands  may  also  be  taken  as  a,  guide 
to  the  treatment.  The  urine  examination  should  in- 
clude an  estimation  from  time  to  time  of  the  total  nitro- 
gen output.  A  very  great  increase  in  this  should  warn 
against  the  possibility  of  an  impending  toxa-mia  or  gen- 
eral disturbance  of  metabolism.  Further,  the  urine  ex- 
amination should  guard  against  the  production  of  a  toxic 
nephritis  or  against  an  exacerbation  of  a  previously 
existing  renal  condition.  Aldred  Scott  Warthin. 

LIGHT:  ITS  PHYSICS,  PHYSIOLOGY,  AND  THER- 
APY.— There  is  a  fundamental  difference  in  the  action 
on  living  protoplasm  of  the  infrared  rays  of  the  sun  and 
the  ultraviolet.  The  former  are  called  thermic  because 
their  chief  effect  is  to  increase  the  molecular  movements 
constituting  heat,  while  the  latter  are  called  actinic,  be- 
cause they  destroy  chemical  compounds  by  causing 
atomic  movements  within  the  molecule.  Matter  being 
at  rest  only  at  the  absolute  zero,  the  molecules  of  every 
substance  are  perpetually  vibrating  at  various  rates  and 
with  an  intensity  of  movement  corresponding  to  the 
temperature.  Every  kind  of  protoplasm  has  a  range 
of  temperature  within  which  it  can  function.  Below 
the  minimum  its  "vitaUty  "  is  suspended,  as  its  molecu- 
lar movements  are  too  slow  or  restricted,  and  if  it  is 
kept  cold  it  eventually  dies.  If  its  temperature  is 
raised  above  the  maximum,  the  molecules  vibrate  too 
rapidly  and  the  action  is  pathological,  and  if  the  tem- 


perature is  still  higher  the  chemical  constitution  is 
changed  and  death  occurs.  The  higher  animals  by  ox- 
idation of  food  are  able  to  produce  enough  heat  to  keep 
their  living  cells  at  the  proper  temperature,  but  this 
ability  is  far  less  in  the  lower  forms.  In  the  lowest  and 
in  plants  the  cells  are  wholly  dependent  upon  the  heat 
derived  from  the  sun,  although  every  living  cell,  animal 
or  plant,  does  produce  some  heat  as  it  consumes  oxygen 
and  excretes  carbonic  oxide.  The  leaf  cells  are  merely 
food  gatherers,  absorbing  light,  and  by  means  of  this 
actinic  energy  they  break  up  the  carbonic  oxide  of 
the  air,  but  the  living  cells  under  the  bark,  or  in  the 
roots  and  buds,  act  like  animal  cells  and  respire  the 
same. 

The  whole  living  world  is  thus  dependent' upon  the 
sun's  heat  for  proper  temperature,  and  its  light  is  the 
ultimate  source  of  all  food,  facts  which  have  completely 
hidden  from  us  the  knowledge  of  the  actinic  effects  of 
light  and  ultraviolet  rays.  It  is  known  that  these  waves 
are  entirely  too  rapid  to  cause  movements  of  the  huge 
bulky  molecule  of  protoplasm,  consisting  of  groups  of 
atoms  which  according  to  some  physicist  might  amount 
to  hundreds  of  thousands.  In  passing  it  might  be  said 
that  the  latest  descriptions  of  the  ether  by  physicists 
show  that  the  enormous  elasticity  required  to  transmit 
such  rapid  waves  at  tremendous  speed  presumes  an  al- 
most inconceivable  rigidity,  and  that  radiant  light  and 
heat  are  perhafs  not  vibrations,  but  are  of  the  nature 
of  rapidly  alternating  stresses  or  strains.  But  their 
effect  upon  matter  is  to  cause  actual  movements  of 
molecules,  or  the  atoms  composing  the  molecule,  or  the 
corpuscles  composing  the  atom,  and  for  our  purpose  we 
may  call  them  vibrations,  waves,  or  rays.  The  octave, 
red  to  violet,  besides  the  power  to  affect  the  retina,  pro- 
duces both  molecular  or  thermic  and  actinic  or  atomic 
effects,  but  the  thermic  power  rapidly  diminishes  from 
the  red  end,  and  the  actinic  from  the  violet.  Red  light 
is  too  slow  to  cause  much  disturbance  inside  the  mole- 
cule, and  the  violet  is  too  rapid  to  cause  much  move- 
ment of  the  molecule  as  a  whole. 

There  is  an  invariable  biological  law,  without  a  single 
known  exception:  living  cells  are  so  placed  that  they 
can  recei-v'e  sufficient  thermic  vibrations  and  be  pro- 
tected from  excessive  actinic  ones.  All  plant  cells 
function  in  the  dark,  under  the  bark  of  the  roots,  trunk, 
and  branches.  Even  the  carbon-gathering  leaf  cells  are 
not  an  exception,  for  they  are  guarded  by  the  green 
chlorophyll,  and  if  that  is  insufficient  they  are  protected 
by  hairs  and  thick  skin,  or  they  turn  the  leaf  edges  to 
the  light,  migrate  from  the  surface,  or  get  protection  in 
some  other  way.  Most  animals  pass  their  lives  in  the 
dark  of  the  deep  sea  or  in  the  soil,  and  the  few  species 
which  come  out  from  lairs  in  the  daytime  are  covered  with 
hair,  feathers,  or  pigment,  and  all  exposed  surfaces  are 
pigmented.  Unpigmented  ants  and  grubs  promptly  die 
in  the  light. 

Man  himself  obeys  the  same  law,  for  each  type  is  pig- 
mented in  direct  proportion  to  the  amount  of  light  to 
which  it  is  exposed  in  its  ancestral  home,  irrespective 
of  the  heat  or  cold,  for  the  glare  of  the  arctic  snow  re- 
quires almost  as  much  pigment  as  the  direct  rays  of  the 
subtropics.  Indeed,  by  the  laws  of  absorption  and 
radiation  of  dark  heat,  pigment  is  really  a  disadvantage 
in  high  external  heat,  for  it  absorbs  well,  and  black 
tropical  animals,  including  the  black  man,  tend  to  hide 
from  the  midday  sun,  which  the  white  tropical  birds  en- 
dure, for  the  white  feathers  are  opaque  to  light  but  re- 
flect and  radiate  heat.  Blondness  is  an  advantage  in 
dark  external  heat  above  98.6°,  for  it  does  not  absorb 
well,  and  white  men  have  been  known  to  stand  such 
heat,  as  in  fire-rooms,  which  prostrated  negroes,  but 
blondness  is  a  fatal  disadvantage  in  ordinary  tropical 
heat  less  than  98.6°,  for  it  then  radiates  less,  and  white 
men  are  feverish  where  negroes  are  normal.  In  the 
matter  of  tropical  clothing,  white  is  the  best  for  its  re- 
flection, but  at  night  or  indoors  black  is  coolest,  as  it 
radiates  best.  In  cold  climates  black  is  warmest  in  the 
day  as  it  absorbs  the  sun's  heat,  but  white  is  warmest 
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at  night,  as  it  radiates  heat,  and  arctic  animals  dress  in 
white  in  their  long  night. 

Blondness  is  then  a  tremendous  advantage  in  cold 
dark  countries,  for  it  radiates  less,  and  such  men  require 
less  clothing  than  negroes  in  temperate  zones.  We  find 
that  the  cold  cloudy  southern  third  of  Norway  is  the 
centre  of  blondness  of  the  world,  where  there  are  blonder 
men  and  more  of  them  per  100,000  than  elsewhere,  and 
on  any  line  drawn  from  this  centre  we  find  the  blonds 
darker  and  less  numerous  the  further  out  we  follow  it. 
Moreover,  migration  from  this  centre  is  followed  by  ex- 
tinction, which  comes  sooner  the  further  the  migration. 
History  is  full  of  illustrations,  and  the  facts  are  now  evi- 
dent in  America,  even  in  Canada,  where  Houtan  in  1690 
said  that  few  of  the  Frenchwomen  were  brunettes 
(quoted  by  Francis  Parkman).  The  increasing  bru- 
netteness  of  Americans  was  noted  long  before  the  pres- 
ent flood  of  brunette  immigration.  An  apparent  ex- 
ception is  found  among  mountaineers  who  are  blonder 
than  the  surrounding  plains  people,  but  this  is  due  to 
the  lower  temperature  and  greater  cloudiness,  some 
mountains  being  almost  perpetually  enveloped  in  clouds, 
the  climate  resembling  that  of  Norway.  We  find  blue- 
eyed  people  in  the  mountains  of  Northern  Spain  and 
Italy,  though  few  or  none  of  these  are  white-skinned, 
yellow-haired  types.  In  our  Appalachian  system  there 
are  similar  conditions,  even  at  its  southern  extension, 
where  the  rainfall  is  enormous  and  cloudiness  exists 
throughout  the  year.  Light  types  can  survive  there 
as  long  as  in  similar  European  mountains.  On  the 
northwest  coast,  where  the  rains  and  clouds  so  closely 
resemble  those  of  Scotland  and  Norway,  we  find  as  a 
fact  that  Scotch  and  Scandinavian  yellow-haired  types 
preserve  their  health  and  nerves  better  than  in  any  other 
part  of  the  United  States,  and  perhaps  may  survive 
permanently.  To  a  less  extent  we  may  assert  the  same 
of  the  cloudy  regions  of  New  England  and  Canada,  but 
the  yellow-haired  lines  have  survived  to  only  a  limited 
extent,  the  blue-eyed  people  having  brown  hair  as  a 
rule.  The  best  protected,  of  course,  are  those  who  are 
as  swarthy  as  the  native  Indians. 

In  light  countries,  then,  the  blonds  should  show  a 
greater  morbidity  and  mortality,  as  that  is  the  only 
possible  way  in  which  types  can  change  in  so  few  gen- 
erations. It  is  the  law  of  selection,  or  the  survival  of 
the  fittest  for  survival.  Unfortunately  there  are  only 
a  few  recorded  observations  on  which  we  can  base  ac- 
curate generalizations.  Until  recently  anthropologists 
and  physiologists  gave  little  thought  to  the  reasons  for 
the  tremendous  differences  between  the  races  of  men, 
but  a  "new  anthropology"  has  now  been  born — a  sci- 
ence which  is  destined  to  explain  these  differences.  It 
is  the  duty  of  physicians  to  find  out  what  causes  the 
mortality  of  types  the  opposite  of  what  we  find  surviv- 
ing, why  the  very  tall  have  died  out  here  and  the  very 
short  there,  why  bulkiness  is  necessary  jn  one  place  and 
slenderness  in  another,  and  so  on  through  all  the  differ- 
ences. Physicians,  as  a  rule,  are  not  aware  that  any 
diseases  attack  one  type  more  severely  than  another  in 
any  one  locality;  for  such  differences,  except  in  the  case 
of  white  men  in  the  tropics,  are  small  and  easily  over- 
looked. It  has  been  found  that  blonds,  even  in  south- 
ern England  and  in  all  cities,  do  suffer  from  higher  mor- 
tality and  morbidity  than  brunettes,  but,  except  in 
certain  nervous  diseases  and  tuberculosis,  there  are  no 
observations  and  few  statistics  as  to  any  special  diseases. 
If  physicians  would  record  the  types  of  patients,  say 
complexions  alone,  it  would  be  known  exactly  how 
much  more  liable  to  tuberculosis  are  the  bright  blonds 
in  sunny  America  than  in  cloudy  Scandinavia.  Then 
we  shall  prove  as  to  man  what  botanists  and  zoologists 
have  long  known — that  acclimatization  is  a  hopeless 
impossibility.  To  survive  in  the  tropics  as  permanent 
colonists  "  white  men  "  should  be  black. 

By  keeping  in  mind  the  fact  that  the  short  waves  of 
the  upper  spectrum  and  ultraviolet— and,  of  course,  the 
still  shorter  Roentgen  rays  and  the  gamma  rays  of 
radium— are  not   able  to  move  the  molecule  and  pro- 


duce heat,  but  are  able  to  move  the  atom  within  the 
molecule,  we  may  form  some  conception  of  their  patlio- 
logical  results  and  the  rationale  of  their  therapy.  A 
mild  application,  not  sufficient  to  disturb  atomic  rela- 
tions, merely  causes  increased  "vital"  action,  but  as  in 
the  case  of  all  stimulations,  the  ultimate  effect  is  ex- 
haustion. Light  baths,  for  instance,  have  been  proved 
to  cause  increased  excretion  of  carbonic  oxide,  and  if 
they  are  of  excessive  intensity,  frequency,  or  duration, 
there  is  wasting.  Even  the  farmer  knows  that  he  can 
fatten  his  stock  quicker  and  cheaper  in  dark  barns 
than  in  brilliantly  lighted   ones. 

The  preliminary  stimulation  of  white  men  recently 
arrived  in  the  tropics  is  a  well-known  phenomenon. 
All  the  functions — mental,  nervous,  and  physical — are 
performed  with  greater  ease  and  energy.  Exhaustion 
comes  in  time  and  has  received  the  special  name  of  trop- 
ical neurasthenia.  To  be  sure  there  are  many  other 
factors  besides  light — the  heat,  for  instance — but  the 
fact  that  blonds  suffer  more  than  brunettes  in  a  degree 
of  heat  not  excessive,  and  that  the  same  condition  is 
found  in  the  arctic  glare,  is  proof  that  the  light  is  a  large 
factor,  though  the  fact  is  not  accepted  by  all  tropical 
experts. 

To  a  lesser  degree  the  same  phenomena  are  found  in 
temperate  zones.  The  stimulation  of  a  bright  day  after 
a  series  of  cloudy  ones  is  common  knowledge.  Many 
literary  men  have  used  sun  exposure  as  a  mental  stimu- 
lant. If  there  are  many  brilliant  days  in  the  year  the 
effect  is  multiplied  and  ultimate  exhaustion  results. 
Neurasthenia  is  thus  more  common  in  our  sunny  climates, 
and]  moreover  it  has  been  found  more  often  and  in 
worse  form  in  blonds  than  in  brunettes,  though  of 
course  both  types  do  suffer  from  it  if  the  other  myriad 
causes  are  sufficiently  intense.  Finally,  several  ob- 
servers have  reported  that  these  patients  do  remarkably 
well  in  sanatoriums  situated  in  cloudy  places,  but  re- 
lapse upon  return  to  perpetual  sunshine. 

It  is  now  known  that  slight  but  constantly  acting  ir- 
ritations of  any  sort  produce  profound  effects  upon  the 
plastic  irritable  body,  and  the  constant  nagging  of 
intense  sunshine  upon  blonds  eventually  produces  a 
pitiable  state  in  which  each  nerve  seems  to  rise  on  end 
tingling  in  protest.  There  is  even  a  pain,  which  should 
be  called  "sun-pain,"  for  it  is  relieved  by  shade,  and  I 
have  repeatedly  so  relieved  it  in  nervous  women  living 
in  tropical  houses  flooded  with  intense  light.  Dr. 
George  M.  Gould,  of  Philadelphia,  has  proved  beyond 
reasonable  doubt  that  all  migraines  and  occasionally 
terrible  nervous  symptoms  in  every  part  of  the  body 
are  sequelfe  of  the  constant  strain  of  the  unconscious 
efforts  to  obtain  acute  vision  in  spite  of  refractive  errors 
which  may  be  very  minute,  and  the  same  may  be  said 
in  minor  degree  to  follow  the  nagging  of  light  upon 
bodies  insufficiently  pigmented.  When  the  two  causes 
are  combined  the  results  are  deplorable.  He  has  shown 
that  refractive  errors  are  very  largely  at  the  basis  of  that 
inability  to  stand  the  strains  of  civilization  which 
causes  truancy,  vagabondage,  crime,  and  worse.  My 
own  investigations  have  shown  that  among  the  crim- 
inals of  New  York  there  is  an  undue  number  of  blonds, 
and  several  observers  have  reported  an  undue  percent- 
age of  blonds  among  the  insane.  The  foreign-born  do 
not  suffer  so  greatly,  but  the  effect  is  found  in  the  sub- 
sequent generations,  so  that  in  some  Western  prisons,  in 
districts,  too,  where  there  is  a  large  foreign  element,  the 
criminals  are  nearly  all  native-born.  In  New  York  the 
foreign  criminals  are  convicted  largely  for  assaults  and 
other  crimes  of  passion  so  common  in  their  native  lands. 
The  habitual  criminals  are  more  commonly  natives  un- 
able to  work  and  who  have  thus  become  social  parasites 
— and  these  are  the  ones  which  show  an  undue  percent- 
age of  blonds. 

Vagabondage  has  long  been  known  to  be  due  to  a 
nervous  weakness  which  might  be  called  neurasthenia 
— a  fact  which  is  ignored  by  all  sociologists  who  have 
studied  our  dreadful  tramp  problem.  These  idlers  are 
sick  men  not  possessed  of  enough  nerve  strength  for 
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constant  labor,  so  that  "hard  labor"  as  punishment 
only  increases  the  trouble.  Denmark  is  the  only  nation 
which  treats  them  on  scientific  grounds.  Our  "  poor 
white  trash  "  are  in  the  same  condition  of  inelBciency, 
and  some  observations  here  and  there  in  the  South  have 
established  the  fact  that  they  are  quite  largely  of  the  yel- 
low-haired types  on  their  way  to  final  extinction  from 
the  population.  Very  blond  native  Americans  who  are 
still  vigorous  are  usually  offspring  from  recent  immi- 
grants or  of  the  second  or  third  generations  unless  they 
come  from  the  old  families  of  the  cloudy  north  or  moun- 
tains. Even  our  best  athletes  are  mostly  foreign-born 
or  of  the  second  or  third  generation  from  Europe.  More- 
over, they  excel  in  sharp  short  contests  requiring  an 
enormous  quick  expenditure  of  energy,  but  are  out- 
classed by  Europeans  in  feats  of  endurance,  and  our 
national  game  of  baseball  requires  quickness  in  expen- 
diture intermitted  by  long  periods  of  rest.  That  is, 
there  is  a  special  "nervousness"  typical  of  the  United 
States  and  British  colonies  similarly  situated,  but  not 
found  in  cloudy  rainy  climates,  and  its  results  are  of 
every  grade  from  unwholesome  activity  to  complete, 
helplessly  incurable  neurasthenia.  This  is  one  of  the 
reasons  European  physicians  cannot  understand  Amer- 
ican diseases,  for  there  are  few  places  in  Europe  where 
there  are  immigrant  types  out  of  their  zone. 

Blonds,  then,  in  light  countries  should  be  less  resistant 
to  any  infection.  The  only  disease  which  has  received 
any  attention  is  tuberculosis.  \^'e  know  that  there  is 
no  hardier  race  than  the  yellow-haired  Scandinavian 
and  Scotch  at  home,  and  yet  we  have  been  taught  that 
this  type  is  a  tuberculous  one  in  sunny  America.  Re- 
cently it  has  been  stated  that  there  is  no  evidence  to 
support  this  old  idea,  yet  there  are  facts  in  plenty.  Sta- 
tistics at  hand  show  that  the  blonds  of  a  population 
furnish  a  larger  percentage  of  cases  than  they  should, 
particularly  in  the  cities.  There  are  a  few  observations 
to  the  effect  that  if  the  blond  patient  is  not  removed  to 
his  normal  environment,  the  probability  of  recovery  is 
less  than  in  the  brunette ;  but  as  far  as  now  known,  he 
is  just  as  curable  as  the  brunette  in  cloudy  climates  like 
the  Adirondacks.  The  negro  is  susceptible  because  he 
is  now  living  a  most  unnatural  life,  but  when  he  was 
properly  fed,  clothed,  and  housed  in  slavery  he  was 
practically  immune,  so  he  is  not  an  exception  to  the 
rule. 

The  facts  seem  destined  to  compel  a  radical  change 
in  our  explanations  of  other  tuberculosis  phenomena. 
For  instance,  the  high  mortality  of  stone-cutters — about 
forty-five  per  cent.,  the  highest  of  any  trade  or  profes- 
sion— has  been  said  to  be  due  to  the  inhalation  of  dust, 
for  they  live  an  out-door  life  in  sunlight,  but  miners  in- 
hale much  more  dust  in  their  confined  galleries,  and  be- 
sides that  they  live  in  the  dark,  which  has  been  con- 
sidered fatal  in  itself,  yet  their  mortality  is  only  about 
seven  per  cent.— the  least  of  any  trade  or  occupation. 
Could  the  excessive  sun  exposure  be  the  fatal  factor  iri 
one  case,  and  shade  the  saving  in  the  other? 

Another  fact  must  be  kept  in  mind — the  least  mor- 
tality from  tuberculosis  is  in  the  cloudiest  cities,  Berlin 
Hamburg,  Amsterdam,  and  London,  and  the  more 
the  sunshine  the  higher  the  death  rate,  the  greatest 
mortality  bemg  m  Moscow  and  Naples.  Indeed  the 
whole  northwestern  cloudy  corner  of  Europe  has  a  less 
rate  than  the  rest— excepting  a  little  strip  running 
down  through  the  cloudy  Alps  and  Italian  mountains 

It  light  IS  of  greater  intensity  than  that  which  merely 
stimulates  and  exhausts,  it  so  disturbs  the  molecule  as 
to  cause  weakness  or  cessation  of  vital  activity— paresis 
or  paralysis.  Locally  it  thus  causes  more  or  less  anaes- 
thesia the  greatest  effects  being  said  to  be  obtained 
from  the  blue  area  of  the  spectrum,  and  not  from  the 
ultraviolet.  General  anesthesia  has  been  reported 
from  such  application  to  the  eyes,  but  "suggestion" 
has  not  been  suflRciently  excluded  to  warrant  safe  con- 
clusions. 

Finally,  short  rays  may  cause  intramolecular  motion 
ot  the  atoms  so  violent  as  to  disrupt  the  chemical  com- 


bination— the  true  actinic  effect, — and  the  molecule 
ceases  to  be  protoplasm  and  is  dead  matter.  Although 
protoplasm  contains  carbon,  it  is  essentially  a  nitrogen 
compound,  and  these  are  notoriously  unstable,  some 
even  exploding  upon  exposure  to  lig;ht.  Photography 
and  warfare  are  based  on  the  instability  of  such  com- 
pounds derived  from  the  protoplasm  of  living  cells  of 
past  ages.  Only  recently  have  we  been  able  to  manu- 
facture them  from  the  free  nitrogen  of  the  air  by  elec- 
tricity. Formerly  we  depended  upon  those  obtained  in 
mines  of  organic  deposits — saltpetre — or  those  obtained 
from  ammoniacal  decomposition  of  -recently  living 
tissues. 

Heat  produces  results  almost  instantly — increased  ac- 
tivity, paralysis,  death,  or  actual  combustion.  The 
effect  of  short  rays  is  not  seen  at  once,  and  the  shorter 
the  waves,  the  longer  the  delay.  In  the  case  of  radium 
and  x-rays  it  may  be  days  or  weeks  before  the  cells  be- 
come paretic  or  die.  Some  are  killed  in  a  few  minutes 
by  an  amount  of  light  by  which  others  do  not  seem  to 
be  affected  at  all.  Epithelial  and  atypical  cells  are  de- 
stroyed by  an  application  which  merely  stimulates  con- 
nective-tissue cells  to  formation  of  sclerotic  tissues,  and 
this  is  the  basis  of  much  therapy.  Youthful,  proliferat- 
ing, lymphoid,  and  germ  cells  are  also  easily  killed.  The 
sterilization  of  x-ray  operators  is  thus  caused,  and  a  pro- 
found effect  also  occurs  in  the  whole  lymphatic  system. 
Young  animals  are  killed  or  injured  by  an  application 
of  radium  or  light  more  or  less  harmless  to  the  parents. 
A\'hite  men  can  stand  thirty  or  forty  years  in  the  tropics 
in  conditions  which  are  fatal  to  their  children,  and  the 
same  phenomenon  has  been  reported  among  blond 
country-bred  city  dwellers  in  both  Europe  and  America. 

Nerve  cells  are  specially  susceptible,  and  this  fully  ac- 
counts for  the  prevalence  of  the  nervous  affections  above 
mentioned.  Indeed,  the  hair  of  the  head  seems  arranged 
over  the  superficially  situated  cerebral  cells  for  this  par- 
ticular purpose,  and  its  woolliness  in  the  tropics,  and 
blackness  in  all  light  countries,  merely  increase  the 
shade.  If  the  hair  is  removed  for  comfort  indoors,  the 
tropical  native  instinctively  substitutes  elaborate  head- 
dresses. The  black  hats  of  bald  men  further  north  are 
thus  necessary  to  prevent  cerebral  damage  when  out  of 
doors. 

The  paralyzing  and  lethal  effects  of  light  explain  the 
differences  between  "heat  exhaustion"  and  "sun- 
stroke," and  raise  more  than  a  suspicion  that  the  two 
conditions  have  been  misnamed.  Experimental  ther- 
mic fever  is  generally  of  sthenic  type,  and  "sunstrokes  " 
are  more  common  among  negro  soldiers  than  white,  so 
that  the  typical  sunstroke  with  high  temperature  seems 
to  be  due  to  the  molecular  heat  stimulation.  Indeed,  I 
have  seen  it  in  a  black  negro  cook  working  in  a  ship's 
galley.  The  paresis  of  "  heat  exhaustion,"  on  the  other 
hand,  is  what  may  be  expected  of  light,  and  it  might 
better  be  called  "light  exhaustion."  The  matter  would 
be  cleared  up  tf  we  had  records  of  complexions  to  de- 
termine whether  blonds  are  more  liable  to  "  heat  ex- 
haustion "  than  brunettes.  It  is  known  already  that 
the  typical  thermic  "  sunstroke  "  is  rare  in  the  Philip- 
pines, where  the  heat  is  not  as  intense  as  in  our  home 
cities  in  summer,  while  "  heat  exhaustions  "'  are  more 
common  and  the  light  is  intense.  Nor  do  "  sunstrokes  " 
affect  our  populations  in  the  sunny  West,  where  it  is  so 
easy  to  keep  cool  in  spite  of  the  high  temperature.  In 
tlie  light  bath,  if  the  head  is  not  protected,  there  are 
symptoms  like  "  heat  exhaustion,"  but  they  do  not  ap- 
pear if  the  head  is  protected  even  if  the  heat  is  more  in- 
lense.  Finally,  the  symptoms  are  often  much  delayed 
in  making  their  appearance — sometimes  several  hours 
after  the  sun  exposure — a  phenomenon  typical  of  all 
short-wave  applications.  As  a,  matter  of  fact,  the  ma- 
jority of  cases  nave  been  exposed  to  both  heat  and  light, 
.so  that  we  find  every  conceivable  mixture  of  symptoms, 
with  and  without  paresis,  fever,  or  coma,  and  occasion- 
ally chronic  neurasthenia  follows,  as  the  protoplasm 
ne\'or  recuperates.  The  effects  of  heat  and  light  are 
often  confused  in  other  conditions. 
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The  paresis  due  to  short  rays  explains  the  cancers 
thus  caused.  The  x-ray  fatalities  are  well  known,  and 
Hyde  of  Chicago  has  published  many  facts  which  leave 
little  doubt  that  skin  cancers  are  more  common  in  those 
exposed  to  excessive  light.  If  an  organism  is  the  cause, 
we  are  quite  sure  to  be  frequently  infected  in  our  lives, 
though  the  parasite  cannot  survive  in  our  resisting  tis- 
sues; but  if  there  is  a  reduction  of  vitality  due  to  short 
rays,  senility,  or  other  causes,  the  germs  have  full  sway. 
At  least  this  is  the  most  reasonable  explanation,  as 
many  x-ray  injuries  of  patients  are  not  followed  by  can- 
cer, while  operators  are  constantly  exposed  to  infection. 
The  psychic  effects  of  the  colors  have  received  a  great 
deal  of  attention,  but  the  reports  are  so  contradictory 
that  no  generalizations  can  be  formed.  The  only  defi- 
nite statements  are  to  the  effect  that  the  red  light  in 
photographic  dark  rooms  has  caused  so  much  "  ner- 
vousness "  that  the  operators  are  now  and  then  dis- 
abled unless  yellow  light  is  substituted.  There  is  doubt 
even  here,  as  it  seems  more  reasonable  to  attribute  the 
results  to  eye-strain,  which  must  be  dreadful  in  such  a 
dim  light,  and  of  course  it  is  relieved  in  yellow  light, 
which  is  the  most  luminous  part  of  the  spectrum  for  the 
retina.  There  is  no  doubt,  though,  that  red  does  irritate 
the  retina — perhaps  a  thermic  effect.  Nurses  become 
very  "nervous"  during  the  red-light  treatment  of  the 
exanthems. 

Positive  phototherapy  according  to  the  desired  pur- 
ppse  utilizes  one  of  the  three  degrees  of  effect — stimula- 
tion, paresis  or  paralysis,  and  death — and  if  the  right 
intensity  is  not  used  it  does  more  harm  than  good.  Nega- 
tive phototherapy,  on  the  other  hand,  has  the  opposite 
purpose  of  excluding  more  or  less  light  from  cases  in 
which  it  does  harm,  and  this  phase  of  the  subject  is  as 
important  as  the  positive. 

The  value  of  light  baths  in  stimulating  sluggish  meta- 
bolism is  beyond  question;  even  a  short  stay  in  the 
tropics  is  beneficial  in  certain  forms  of  rheumatism  and 
"  lithsemia,"  though  there  has  not  been  an  exact  differ- 
entiation of  the  cases  benefited.  The  danger  exists  in 
over-stimulation  and  exhaustion,  particularly  in  the 
senile,  who  have  an  undue  mortality  while  visiting  the 
tropics.  Locally,  in  sluggish  ulcers,  mild  light  applica- 
tions have  proved  quite  successful  irrespective  of  the 
causes,  but  an  excessive  amount  only  makes  them  worse, 
as  it  causes  more  necrosis. 

The  paretic  effects  are  mostly  useful  in  causing  local 
ansEsthesia  for  surgical  purposes,  a  field  which  has  been 
cultivated  more  in  Europe  than  America.  The  cessa- 
tion of  pain  and  discharge  in  ulcerating  epitheliomata  is 
so  marked,  even  in  incin-able  cases,  that  the  method 
deserves  far  more  use.  Unfortunately,  if  the  applica- 
tions are  too  mild  there  is  danger  of  stimulating  the 
growths  to  greater  activity,  as  in  the  case  of  Roentgen 
rays. if  too  feeble,  and  the  proper  dosage  has  not  been 
worked  out  to  anywhere  near  the  accuracy  obtained  by 
the  Roentgen-ray  operators  or  by  Abbe  of  New  York 
with  radium  rays. 

The  appUcation  of  strong  light  for  the  lethal  effects 
in  superficial  infections  constitutes  one  of  the  most  brill- 
iant advances  in  modern  medicine.  Finsen  concei-^'ed 
the  idea  for  the  cure  of  lupus,  basing  his  method  on  the 
well-known  bactericidal  power  of  the  shorter  light  rays, 
and  he  obtained  ninety-eight  or  ninety-nine  per  cent,  of 
cures  even  in  cases  formerly  considered  hopeless.  Since 
his  death  it  has  been  found  that  the  rays  used  are  not 
sufficiently  powerful  to  kill  bacilli  in  a  culture  medmm 
at  the  temperature  of  the  tissues,  but  that  the  good  re- 
sults are  really  due  to  the  destruction  of  the  less  resist- 
ant pathological  cells  and  the  stimulation  of  the  more 
resistant  connective  tissue,  which  thereupon  replaces 
the  former,  the  bacilli  perishing  in  the  process  from  some 
form  of  antitoxin  or  phagocytosis.  It  is  amazing  that 
such  a  brilliant  method  of  cure  should  have  been  based 
on  a  wrong  hypothesis.  Moreover,  as  might  have  been 
predicted,  it  has  been  found  that  the  most  curative  are 
the  ultraviolet  and  the  power  rapidly  diminishes  with 
increasing  wave  length,  being  feeble  m  the  blue  and 


scarcely  perceptible  from  the  green  down  to  the  red. 
Finsen  really  filtered  out  the  ultraviolet  by  the  glass  and 
water  of  the  cooling  chamber,  and  obtained  his  recov- 
eries by  the  less  efficient  violet.  There  seems  also  to 
be  a  paralysis  of  the  vasomotor  nerve  endings,  for  it  was 
found  that  the  rays  caused  thrombosis  and  exudation 
of  blood  and  serum — results  long  known  to  be  due  to 
ultraviolet  rays  in  glacier  btirn.  Sunburn,  too,  is  known 
to  be  mostly  due  to  ultraviolet  rays,  but  here  they  do 
not  cause  blood  exudation.  Cloudiness,  by  the  way,, 
filters  out  the  ultraviolet,  and  that  is  why  such  days 
are  so  soothing. 

In  other  forms  of  tuberculosis  it  is  now  necessary  to 
revise  the  methods  of  applying  light  given  for  an  alleged 
bactericidal  effect.  The  bacilli  are  absolutely  un- 
harmed in  this  way,  and  there  is  danger  of  injuring  less 
resistant  healthy  tissue,  increasing  metabolism,  and 
causing  neurasthenia. 

There  have  been  reports  of  the  successful  use  of  con- 
centrated light  in  quite  a  number  of  superficial  infec- 
tions and  new  growths,  chiefly  benign,  though  there  are 
very  few  operators  who  produce  the  ultraviolet,  and 
even  if  they  do,  they  cut  them  out  by  using  media 
opaque  to  these  rays.  Consequently  there  are  not 
many  data  as  to  the  full  extent  of  their  therapeutic  use- 
fulness. Roentgen  rays  and  the  gamma  rays  of  radium 
are  much  shorter,  and  therefore  more  efficacious  in  de- 
stroying protoplasm  by  causing  atomic  or  intramolecular 
motions.  There  is  scientific  ground,  then,  for  the  very 
prevalent  impression  that  better  results  are  obtainable 
from  these  than  from  the  ultraviolet.  It  is  an  immense 
field  which  has  scarcely  been  scratched  for  cultivation, 
and  it  is  not  yet  time  to  differentiate  the  respective 
therapeutic  spheres  of  each  of  these  destructive  agents. 
Negative  phototherapy  is  as  old  as  the  empirical  plan 
of  using  red  curtains  in  variola.  Finsen  believed  that 
the  light  was  so  irritating  that  if  it  was  excluded,  the 
pustules  would  not  mature  and  pitting  would  be  pre- 
vented, the  disease  of  itself  being  insufficient  to  cause 
the  dreadful  results.  He  was  quite  convinced  that  he 
had  obtained  excellent  results  by  the  method  of  ex- 
cluding all  light  except  the  non-actinic  red,  and  using 
only  enough  of  this  for  vision.  In  America  the  results 
have  been  uniformly  negative,  and  Finsen  thought  the 
failures  due  to  the  fact  that  the  light  was  excluded  too 
late,  after  the  damage  had  been  done,  but  it  is  more 
likely  that,  as  we  have  more  light  in  America  than  in 
cloudy  Denmark,  we  need  more  complete  exclusion.  It 
has  been  said  that  our  commercial  red  glass  transmits 
other  rays  also,  and  has  really  admitted  actinic  rays, 
but  there  does  seem  to  be  a  relation  between  the  sever- 
ity of  the  disease  and  the  lightness  of  a  country,  and  it 
has  also  been  claimed  that  Finsen  in  his  cloudy  land  has 
been  treating  a  mild  form  still  further  modified  by  vac- 
cination. The  damage  of  light,  if  any,  is  very  super- 
ficial, for  the  blackest  negroes  are  prone  to  the  disease 
in  its  worst  form,  and  their  skins  keep  out  most  of  the 
light  and  all  the  ultraviolet. 

In  the  other  exanthems,  particularly  scarlet  fever, 
there  are  such  frequent  references  to  the  great  benefits 
of  the  negative  or  red  treatment  that  there  does  seem 
to  be  something  to  it.  Even  in  superficial  suppurations 
such  as  impetigo,  and  in  the  weeping  forms  of  acute 
eczema,  there  are  good  reports,  though  sycosis  is  unaf- 
fected. The  positive  treatment  by  short  rays  for  the 
lethal  effect  on  the  pathological  cells  in  the  skin  infec- 
tions seems  to  give  rise  to  much  more  favorable  reports. 
In  neurasthenia  the  negative  treatment  has  been 
successfully  used  a  long  time;  that  is,  the  patient,  if  a 
rest  case,  is  kept  in  darkness  during  the  lightest  part  of  the 
day.  It  is  far  better  to  send  these  patients  to  cloudy 
climates,  such  as  the  mountains  or  our  northwest  coast. 
They  are  only  made  worse  by  intense  sunshine,  particu- 
larly the  blonds.  The  maniacal  insane  are  all  made 
worse  by  a  few  days'  sunshine,  and  the  practice  of  forc- 
ing them  into  unshaded  bull-pens,  exposed  to  the  full 
glare  of  the  midsummer  sun,  is  dreadful. 

I  am  indebted  to  Gould  for  the  information  that  ex- 
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cessive  light  increases  eye-strain,  nature  having  evolved 
a  dozen  or  more  distinct  mechanisms  to  shade  the  eyes. 
Nervous  symptoms,  for  instance,  become  worse  in  pa- 
tients sent  to  Florida,  and  oculists  are  learning  that 
amber-tinted  spectacles  prevent  injury  in  tropical  chmes. 
This  fact  shows  the  benefit  of  excluding  some  of  the 
rays  at  each  end  of  the  spectrum,  both  red  and  violet 
being  irritating  to  the  retina.  It  is  a  negative  photo- 
therapy more  efficacious  than  the  use  of  smoked  glasses, 
which,  by  excluding  the  visual  yellows,  increase  the 
strain  of  seeing.  Gould  suggests  amber-colored  glasses 
for  blonds  in  the  tropics. 

A  form  of  negative  treatment  in  consumption  is  now 
receiving  wide-spread  attention.  For  instance,  in  the 
Adirondacks,  where  there  is  a  maximum  of  cloudy  days, 
we  find  as  good  results  of  the  modern  out-door  treatment 
as  in  any  other  part  of  the  world,  if  not  better.  It  is 
proof  that  we  have  been  in  error  in  stating  that  un- 
stinted sunshine  is  an  essential.  A  few  observers  have 
gone  a  step  further  and  stated  that  they  have  found 
that  the  sun-bath  invariably  raises  the  temperature, 
causes  prostration,  anorexia,  and  even  hemorrhages,  so 
that  in  the  summer  the  patient  must  be  kept  cool  and 
seek  the- shade.  We  have  also  been  in  error,  then,  in  ad- 
vising patients  to  keep  in  the  sun  and  resist  the  desire 
to  seek  the  shade.  Moreover,  it  is  found  that  even  bed- 
ridden patients  are  always  worse  in  the  evening'  after  a 
•day  of  sunshine,  but  are  in  best  condition  in  the  morning 
after  a  night  of  darkne.ss.  What  is  still  more  amazing, 
the  cures  are  now  known  to  be  obtained  in  the  dark 
winters  and  not  in  the  light  summers.  Indeed,  many 
patients  grow  worse  in  summer.  The  old  plan  of  send- 
ing them  south  in  the  autumn  to  seek  perpetual  summer 
and  sunshine  thus  sends  them  away  from  the  cold  shady 
conditions  which  cure  them.  There  is  ample  reason  for 
the  appalling  mortality  in  the  tropics  and  the  alleged 
undue  mortality  in  cold  sunny  climates,  as  compared 
with  cold  cloudy  ones.  There  are  several  observers  who 
-have  mentioned  the  fact  that  when  sun  exposure  is  tried 
the  blond  patients  do  not  improve  like  the  well-protected 
brunettes;  and  though  this  fact  has  been  denied,  statis- 
tics do  show  that  better  results  are  obtained  in  the 
shaded  inland  sanatoria  than  on  the  shadeless  seashore, 
temperature  conditions  being  about  the  same. 

AH  of  these  facts  show  that  what  is  good  for  one  type 
■of  man  is  not  necessarily  good  for  the  opposite.  That 
is,  medical  climatology  must  be  studied  with  anthropol- 
ogy. The  best  placp  to  send  a  very  blond  patient  is  the 
•climate  similar  to  that  in  which  the  blonds  are  most 
vigorous,  such  as  southern  Scandinavia.  The  best  for 
the  swarthy  Mediterranean  type  is  a  place  like  sunny 
Italy.  Acclimatization  being  impossible,  every  type  is 
injured  more  or  less  by  residence  in  a  climate  markedly 
different  from  the  ancestral  home,  and  if  we  send  blonds 
to  sunny  lands  we  do  not  obtain  as  good  results  as  if 
they  went  to  the  Adirondacks.  Experts  now  advise 
white  men  to  wear  opaque  clothing  in  the  tropics 
to  prevent  nervous  breakdown,  and  the  tuberculous 
at  home  should  wear  opaque  clothes,  not  translucent 
■ones. 

The  study  of  the  relative  mortality  of  the  various 
«thnic  types  in  America  is  a  huge  field,  which  is  already' 
yielding  splendid  results  bound  to  modify  practice 
profoundly.  The  literature  as  to  light  alone  is  so  volu- 
minous as  to  defy  references.  The  most  generalized 
statements  alone  are  possible  in  the  limited  space  of  this 
article,  but  more  details  are  found  in  my  work  on  "The 
Effect  of  Tropical  Light  on  White  Men,"  and  in  a  re- 
view of  the  literature  in  American  Medicine  for  April 
1907.  Charles  E.  Woodruff. 

LIPODYSTROPHY,  INTESTINAL.— The  following 
■ca,se  presents  an  unusual  clinical  picture  and  a  previ- 
ously undescribed  pathological  complex  which  mav  be 
outlined  as  follow,-.:  The  clinical  picture  w.is  character- 
ized by  gradual  loss  of  weight  and  strength  over  a  period 
of  four  years,  a  transient  multiple  arthritis  with  pain 
and  swelling  of  various  joints,  and  a  troublesome  cough. 
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The  patient  was  treated  for  tuberculosis  with  slight  im- 
provement. During  the  last  four  months  he  was  trou- 
bled with  swelling  of  the  abdomen  and  a  slight  diarrhoea, 
three  or  four  stools  daily  on  an  average.  The  stools 
were  creamy  in  appearance  and  large  in  amount.  Both 
fatty-acid  crystals  and  neutral  fat  were  present.  No 
bile  was  demonstrable.  Twenty  grams  of  dried  stool 
contained  10  cm.  neutral  fat,  6  gm.  fatty  acids,  4.  gm. 
organic  salts,  detritus,  etc.  Blood  showed  a  secondary 
anajmia  (R.B.C.  4,400,000-.3,900,000  and  hsemoglobin 
54-52  per  cent.) — a  leucocytosis  of  7,000-8,500  with 
an  eosinophilia  of  3-9  per  cent.  Urine  was  nega- 
tive until  shortly  before  death,  when  it  contained  a 
considerable  amount  of  acetone,  but  no  diacetic  acid. 
This  finding  is. of  interest  in  connection  with  the  manner 
of  death — extreme  air  hunger  resembling  that  seen  in 
diabetes.  The  temperature  was  regularly  intermittent 
with  a  morning  rise  to  99°-101°,  but  there  was  no  re- 
action to  tuberculin,  and  the  sputum  examination  gave 
negative  results.  Physical  examination  revealed  an  in- 
definite resistance  or  tumor  mass  below  the  umbilicus 
in  an  abdomen  which  was  rather  full  and  tender. 
There  were  fading  areas  some  suggesting  purpura,  others 
erythema  nodosum.  The  ankle  joints  were  hot,  tender, 
and  swollen,  and  motion  was  painful. 

The  disease  in  many  respects  resembled  a  pulmonary 
and  mesenteric  tuberculosis — the  cough  and  fever,  pro- 
gressive emaciation,  abdominal  swelling,  and  tenderness, 
the  fatty  stools  indicating  a  defective  fat  absorption 
but  no  deficiency  in  fat  splitting.  Against  this  di- 
agnosis were  the  blood  picture — an  advanced  secondary 
anaemia  with  a  peculiar  eosinophilia — the  absence  of  any 
reaction  to  tuberculin,  and  negative  pulmonary  signs. 

At  the  autopsy,  nineteen  hours  after  death,  there  were 
found  neutral  fat  and  fatty-acid  deposits  in  the  intes-. 
tinal  mucosa,  mesenteric  and  retroperitoneal  glands, 
and  thoracic  duct;  chronic  lymphadenitis;  anaemia; 
emaciation;  organizing  peritonitis,  pleuritls,  pericar- 
ditis, and  aortic  endocarditis ;  cardiac  dilatation  and 
hypertrophy  with  fatty  degeneration;  chronic  passive 
congestion  of  viscera ;  splenic  tumor ;  hyperplasia  of  bone 
marrow;  cloudy  swelling  of  viscera;  bronchopneumonia, 
and  oedema  of  the  lungs. 

The  intestines  were  dilated.  The  small  intestine 
showed  a  pink  or  red  swollen  mucosa  which  was  flecked' 
over  thickly  with  little  pin-point  yellow  grains  which 
seemed  to  be  intimately  connected  with  the  mucosa, 
even  in  some  cases  just  beneath  it.  No  ulceration  was 
present.  The  Peyer's  patches  were  not  conspicuous. 
The  large  intestine  showed  a  pale  smooth  mucosa.  The 
mesenteric  glands  were  greatly  enlarged,  some  of  them, 
measuring  3-4  cm.  in  long  diameter,  and  felt  quite  elas-> 
tic.  There  were  many  smaller  glands  close  to  the  mesen- 
teric border  averaging  0.5  cm.  in  diameter.  The  small-, 
er  glands  on  section  were  of  an  opaque  yellow  color  in 
general,  but  close  inspection  revealed  a  delicate  translu- 
cent reticulum,  between  which  were  grains  of  a  yellow 
color.  Some  of  the  larger  glands  showed  quite  exten- 
sive hemorrhages  into  their  stroma,  but  in  all  glands  the 
small  yellow  grains  were  numerous  and  the  feature  of 
interest.  The  glands  about  the  coeliac  axis  presented 
a  similar  picture.  Smears  made  from  these  glands 
showed  typical  tufts  and  balls  of  fatty-acid  crystals  and 
a  considerable  amount  of  neutral  fat,  which  were  pres- 
ent in  the  intestinal  mucosa  as  well.  Microscopically 
the  villi  -were  enlarged,  the  submucosa  thickened,  and 
the  mesenteric  glands  enormously  enlarged  by  deposits 
of  osmic-acid  reducing  bodies  (neutral  fats  and  fatty, 
a>.ids).  Such  deposits  were  most  striking  in  the  glands,, 
but  alike  in  all  these  situations.  The  interglandular 
stroma  contained  about  the  usual  number  of  lympho- 
cytes and  plasma  cells,  but  there  was  an  infiltration  with 
great  numbers  of  large  mononuclear  ameboid  cells  with 
pink  granular  protoplasm  (polyblasts)  and  many 
"  foamy  "  cells.  The  "  foamy  "  cells  had  an  abundant' 
foamy  protoplasm,  a  pale  vesicul.ir  nucleus,  and  were 
acti^•ely  amoeboid.  Ecchymoses  were  numerous  where- 
evor  these  peculiar  cells  and  the  fat  deposits  -^vere  pres-' 
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ent.  The  submucosa  in  many  places  showed  these  ab- 
normal cells  and  fat  deposits  with  a  definite  increase  in 
eosinophiles. 

The  glunds  in  this  affection  show  the  most  marked 
changes.  The  smaller  ones  present  intact  lymph  cords 
and  follicles,  but  an  invasion  of  the  sinuses  by  the  pecul- 
iar wandering  cells  and  a  deposit  of  small  irregular  fat 
droplets.  Minute  ecchymo.ses  and  eosinophiles  may  be 
conspicuous.  The  next  stage  is  an  invasion  of  this  tis- 
sue by  a  granulation  tissue  of  fibroblasts  and  capillaries, 
an  increase  in  size  and  number  of  the  fat  deposits,  and 
a  distortion  of  the  gland  architecture.  The  final  stage 
shows  a  large  gland  packed  with  fat  deposits  whose 
stroma  is  made  up  of  dense  fibrous  tissue  full  of  ecchy- 
moses  and  great  numbers  of  giant  and  mononuclear 
cells.  Gland  tissue  treated  by  the  Levaditi  method 
shows  numbers  of  a  peculiar  organism  (?)  which  does 
not  stain  by  the  aniline  dyes.  These  peculiar  structures 
in  size  and  form  resemble  the  tubercle  bacillus,  but  the 
silver  precipitate  must  cause  considerable  increase  in 
their  size,  as  in  the  case  of  the  spirochsete  of  syphilis. 
They  are  most  numerous  in  the  vicinity  of  the  fat  de- 
posits, and  are  often  included  in  the  "  foamy  "  cells.  A 
detailed  description  of  these  bodies  will  be  found  in  the 
Johns  Hopkins  Hospital  Bulletin,  xviii.,  198,  1907. 
Whether  they  are  the  active  agents  in  this  unusual 
pathological  complex  cannot  be  determined  from  a  study 
of  this  single  case,  but  their  distribution  in  the  tissues  is 
very  suggestive.  Cultures  and  animal  inoculations  were 
quite  negative. 

Chemical  study  of  the  mesenteric  glands  shows  both 
fatty  acids  and  neutral  fat  to  be  present  in  a  ratio  of 
15  to  85  per  cent.  The  fatty  acids  are  derived  from  the 
high-melting-point  fats.  The  neutral  fats  show  a,  low 
saponification  number  (144.4),  normal  saponification 
numbers  being  190  to  208.  Lecithin  and  cholesterin 
absent.  These  findings  as  well  as  the  microscopical  pict- 
ure support  the  theory  that  we  are  dealing  with  ab- 
normal fats  and  fatty  acids,  or  that  some  toxic  substance 
is  held  in  solution  or  suspension  by  them.  The  finding 
of  acetone  in  the  urine  shortly  before  death, '  and  the 
extreme  air  hunger  at  this  time,  suggest  some  acidosis 
which  may  be  dependent  on  the  disturbance  in  fat 
metabolism.  The  acetone  could  be  accounted  for  by 
the  starvation  of  the  tissues  following  obstruction  of 
the  mesenteric  lymphatics.  The  large  amount  of 
uasplit  fat  in  the  stools  (one-half  by  weight)  may  be 
explained  by  the  incomplete  .action  of  the  lipolytic  fer- 
ment, owing  to  lack  of  absorption  of  its  split  prod- 
ucts. There  may  be  some  lack  of  lipase  in  the  pan- 
creatic secretion,  but  the  gland  in  the  reported  case  was 
quite  normal  in  appearance.  The  peculiar  deposits  of 
fat  and  fatty  acids  in  the  tissues  may  indicate  some  dis- 
turbance in  the  synthesis  of  fat  which  is  effected  by 
lipase.  These  pathological  changes  are  limited  to  the 
apparatus  which  has  to  do  with  the  absorption  of  fats, 
while  the  lymphatic  tissue  of  the  marrow,  spleen,  bron- 
chial glands,  etc.,  is  normal  except  for  changes  depend- 
ent on  a  secondary  anaemia.  All  these  points  suggest 
the  possibility  that  this  may  be  an  obscure  disease  of 
fat  metabolism. 

The  disease  is  of  some  duration,  as  evidenced  by  the 
extreme  changes  found  in  the  larger  glands  which  show 
dense  scar  tissue  probably  of  months'  standing.  From 
a  comparison  with  the  intestinal  lesions  it  seems  prob- 
able that  the  earliest  changes  took  place  in  the  glands 
rather  than  in  the  mucosa,  where  there  is  less  scar  tissue; 
but  the  lesions  are  essentially  the  same  in  all  locations. 
The  presence  of  many  eosinophile  cells  in  the  smaller 
mesenteric  glands  probably  accounts  for  the  same  type 
of  cell  found  clinically  in  the  blood,  and  these  cells  may 
have  some  relation  to  the  peculiar  structures  which  ap- 
pear in  the  Levaditi  sections.  G.  H.  Whipple. 

LIPOMA  (Adipoma,  Steatoma)  is  a  tumor  consisting 
essentially  of  adipose  tissue.  Such  growths  belong  to 
the  mature  connective-tissue  tumors,  and  have  for  their 


physiological  prototype  the  adipose  tissue  found  beneath 
the  skin  and  serous  membranes.  Between  normal  adi- 
pose tissue  and  the  fat  tissue  of  lipomata  there  are  no 
essential  differences  of  structure.  In  the  majority  of 
lipomata  the  fat  cells  as  well  as  the  fat  lobules  are  usu- 
ally larger  than  those  of  normal  adipose  tissue  (the  former 
three  to  four  times  as  large);  but  this  difference  does 
not  hold  good  to  such  an  extent  that  it  can  be  used  as  a 
point  in  difierential  diagnosis.  In  general,  a  lipoma 
presents  the  structural  characteristics  of  a  localized  mass 
of  fat  differing  in  no  respect  from  normal  subcutaneous 
fat.  The  chemical  reactions  of  the  fat  contained  in  lipo- 
mata likewise  correspond  to  those  of  normal  fat. 

Since  the  resemblance  in  structure  to  norrpal  adipose 
tissue  is  so  very  close,  it  may  sometimes  be  difficult  to 
draw  a  line  between  a  simple  hypertrophy  of  adipose 
tissue  and  a  lipoma.  Both  general  and  local  hyperplasias 
of  adipose  tissue  occur  which  are  not  classed  with  lipo- 
mata (general  lipomatosis,  lipomatous  elephantiasis,  the 
deposit  of  fat  about  an  atrophic  kidney  or  between  the 
bundles  of  atrophic  muscles);  but  other  local  hyper- 
plasias of  a  similar  nature  have  by  various  authors  been 
styled  lipomata.  Thus  the  hyperplasia  of  the  fatty  cap- 
sule of  the  mammary  gland  which  occurs  sometimes  in 
scirrhous  carcinoma  of  this  organ  or  in  chronic  interstitial 
mastitis  has  been  called  lipoma  capsulare,  an  excessive 
deposit  of  fat  beneath  the  epicardium  has  been  styled 
lipoma  cordis  capsulare,  and  the  deposit  of  fat  in  the  vil- 
lous fringes  of  the  joints  is  known  as  lipoma  arborescens, 
although  analogous  to  the  fatty  hyperplasia  so  frequently 
seen  in  the  epiploic  appendages  of  the  large  intestine. 
Such  local  fatty  hyperplasias  may  be  styled  pseudolipo- 
mata.  An  exact  use  of  the  term  lipoma  would  limit  its 
application  to  those  formations  of  adipose  tissue  alone  in 
which  an  actual  new  formation  of  fat  tissue  occurs. 
Such  a  criterion  has,  however,  but  little  practical  value, 
since  in  the  fully  developed  growth  of  fat  tissue  it  may 
be  impossible  to  say  whether  the  latter  has  arisen  from  a 
circumscribed  hyperplasia  or  represents  a  true  neoplasia. 
This  difficulty  is  increased  by  the.  fact  that  lipomata  are 
usually  found  in  those  parts  of  the  body  in  which  there 
is  normally  more  or  less  fat  tissue.  A  more  practical 
guide  will  therefore  be  found  in  the  principle  that  the 
term  lipoma  should  be  applied  to  circumscribed  prolifera- 
tions of  adipose  tissue  which  show  a  certain  anatomical  atid 
physiological  independence  of  the  7ieighboring  tissue,  even 
when  ths  latter  is  fat  tissue. 

The  application  of  the  term  lipoma  made  by  some 
writers  to  tumors  other  than  connective  tissue,  the  cells 
of  which  have  undergone  fatty  degeneration  or  contain 
an  abundance  of  fat,  is  wholly  incorrect.  The  true 
lipomata  belong  to  the  mature  connective-tissue  tumors 
—that  is,  the  tissue  of  which  they  are  composed  is  of  the 
type  of  adipose  tissue. 

Histogenesis. — The  histogenesis  of  lipomata  is  not 
yet  definitely  known.  Their  very  frequent  development 
in  regions  where  fat  tissue  is  normally  found  has  led  to 
the  belief  that  the  majority  arise  from  a  hyperplastic 
proliferation  of  adipose  tissue  with  new  formation  of  fat 
cells  and  fat  lobules.  Such  an  explanation  would  hold 
good  even  for  the  lipomata  which  are  sometimes  found 
in  the  submucosa  of  the  gastro-intestinal  tract,  since  in 
well-nourished  individuals  fat  cells  are  usually  present  in 
small  numbers  in  this  region,  and  from  these  a  lipoma 
could  take  its  origin.  Another  view  is  that  lipomata 
arise  from  undiflferentiated  embryonal  cells  which  have 
persisted  from  foetal  fife,  or  are  formed  by  the  prolifera- 
tion of  conn^tive-tissue  cells.  The  development  of  fat 
tissue  from  these  follows  the  same  course  as  that  of  the 
normal  development  of  fat  cells  from  foetal  myxomatous 
tissue.  It  is  not  improbable  that  undifferentiated  "  prim- 
itive fat  organs"  (developing  fat  lobules  in  the  fostal 
mesenchyma)  may  persist  quiescent  until  adult  fife  and 
later  resume  active  proliferation,  giving  rise  to  localized 
growths  of  fat  tissue  which  in  their  development  would- 
be  more  or  less  independent  of  the  normal  laws  of  nutri- 
tion and  cell  growth.  Support  is  given  to  this  theory  by 
the  fact  that  some  lipomata  in  their  growth  appear  to  be 
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entirely  indepeudent  of  tlie  laws  governing  the  general 
nutrition  of  the  body,  since  they  continue  to  increase  in 
size  or  at  least  do  not  become  smaller  under  conditions 
of  cachexia,  etc.,  when  the  normal  fat  tissue  is  being  re- 
duced in  amount.  The  fact  that  a  combination  of  myxo- 
matous tissue  and  adipose  tissue  is  frequently  found 
under  pathological  conditions  may  also  be  taken  as  an 
indication  of  the  close  histogenetic  relations  of  these 
tissues.  In  maay  lipomata  areas  of  myxomatous  tissue 
occur,  and  occasionally  the  appearances  presented  sug- 
gest the  development  of  the  fat  tissue  out  of  the  myxo- 
matous. Moreover,  there  are  rare  forms  of  lipomata  in 
which  the  fat  cells  resemble  those  of  embryonic  adipose 
tissue,  in  that  the  fat  droplets  are  of  small  size  and  do 
not  coalesce  into  larger  drops  filling  the  entire  cell. 

A  further  origin  for  lipomata  may  be  found  in  atro- 
phic lymphadenoid  tissue,  a  physiological  paradigm 
being  found  in  the  development  of  fatty  marrow  from 
the  lymphoid  marrow,  and  the  fatty  transformation  of 
the  thymus,  and  later  in  old  age  that  of  the  lymphatic 
glands.  The  relationship  between  lymphoid  tissue  and 
Adipose  tissue  is  very  close.  In  the  foetus  the  development 
of  the  lymph  glands  is  either  coincident  with  that  of  the 
primitive  fat  organs  or  follows  it ;  in  the  latter  case  the 
lymphadenoid  structures  (both  ordinary  lymphatic  and 
hsemoly mph  nodes)  developing  out  of  the  fat  organs.  In 
adult  life  under  certain  conditions  a  new  formation  of 
lymph  glands  takes  place  from  adipose  tissue,  and  in  old 
age  the  lymph  glands  become  to  a  large  extent  replaced 
by  fat  tissue.  Throughout  life  it  is  very  probable  that 
there  is  a  constant  cycle  of  alternation  between  lymphoid 
tissue  and  adipose  tissue.  As  the  result  of  some  disturb- 
ance of  these  processes  it  is  possible  that  lipomata  may 
arise,  either  from  atrophic  lymph  glands  or  from  anlage 
of  undifferentiated  cells.  Askanazy  traces  the  origin  of 
multiple  lipomata  in  particular  to  a  replacement  of  lymph 
glands  by  fatty  tissue. 

The  lipomata  of  the  uterus,  kidney-cortex,  brain, 
spinal  cord,  etc.,  are  to  be  referred  to  misplacements  of 
anlage  of  fat  tissue  or  of  fibrous  connective  tissue  which 
later  undergoes  a  fatty  metaplasia.  Such  lipomata  are 
to  be  classed  with  the  heterotopous  teratomata.  It 
•should  be  borne  in  mind  also  that  lipomatous  masses  not 
infrequently  form  the  bulk  of  teratomata  found  in  other 
regions  as  well. 

Etiology.— As  in  the  case  of  the  other  true  neoplasms 
but  little  is  known  of  the  etiology  of  lipomata.  Some 
of  them  may  arise  as  tlie  results  of  trauma  or  chronic 
Inflammation.  Such  an  origin  has  been  ascribed  to  the 
fatty  tumors  sometimes  found  in  the  hands  of  working 
people  in  the  parts  most  exposed  to  injury.  In  other 
cases  fatty  tumors  have  been  found  developing  from 
scars.  The  fatty  growths  in  the  villi  of  the  joints  are 
usually  associated  with  a  chronic  arthritis.  There  also 
seems  to  be  some  association  between  multiple  lipomata 
and  rheumatoid  affections.  In  the  case  of  the  multiple 
and  symmetrical  lipomata  a  nervous  or  trophic  origin  is 
assumed  by  many  writers.  In  such  cases  other  symp- 
toms suggesting  a  neuropathic  origin  are  not  infre- 
quently present.  According  to  Grosch,  multiple  lipo- 
mata of  the  skin  arise  from  a  disturbance  of  fat  secretion 
by  the  skin  glands  due  to  a  trophoneurosis.  Aconnection 
iDetween  lipomata  and  disease  of  the  thyroid  and  hypoph- 
ysis has  also  been  assumed  by  some  authors.  In  the 
majority  of  cases  it  is  very  probable  that  lipomata  are  to 
"be  regarded  as  congenital,  that  is,  they  arise  from  mis- 
placed anlage.  A  tendency  to  the  development  of  lipo- 
mata appears  also  to  be  inherited  in  some  families 

Gross  Appearances.— A\\  lipomata  possess  a  more  or  less 
definite  capsule.  In  the  sharply  circumscribed  forms 
the  capsule  may  be  well  defined,  of  varying  thickness  ■  in 
the  diffuse  forms  the  capsule  is  not  perfect  and  often 
.sends  prolongations  of  connective  tissue  into  the  sur- 
rounding tissues,  which  if  not  removed  may  lead  to  a 
recurrence  of  the  growth.  The  size  of  lipomata  varies 
greatly ;  in  the  kidney,  submucosa  of  the  intestinal  ti'act 
etc.,  they  may  be  very  small,  while  in  the  subcutaneous 
tissues  of  the  shoulder  and  back  and  in  the  retroperito- 
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neal  tissues  they  may  give  rise  to  tumors  weighing  fifty 
pounds  or  more.  As  a  rule,  they  do  not  exceed  ten 
pounds  in  weight.  They  usually  form  lobulated  growths 
of  more  or  less  regular  contour.  A  subdivision  of  the 
larger  lobules  into  smaller  ones  gives  the  growth  a  tuber- 
ous appearance.  Lipomata  are  not  infrequently  peduncu- 
lated, particularly  those  found  in  the  submucosa  of  the 
alimentary  tract,  though  even  in  the  skin  the  tumor  may 
occasionally  possess  a  relatively  long  and  narrow  pedicle 
(lipoma  pendulum).  Accessory  nodules  are  rarely  seen 
about  the  main  growth.  In  the  majority  of  cases  lipo- 
mata are  solitary.  Occasionally  they  are  multiple,  and 
in  such  cases  the  tumors  may  be  symmetrically  distrib- 
uted over  the  body.  As  a  rule,  lipomata  are  soft,  elastic, 
and  may  give  a  sensation  of  fluctuation.  Puncture  with 
a  trocar  yields  no  fluid  except  in  those  cases  in  which 
extensive  retrograde  changes  have  taken  place.  The 
absence  of  fluid  on  aspiration  may  therefore  have  a  cer- 
tain diagnostic  value.  The  occurrence  of  retrograde 
changes  may  render  the  growth  either  harder  or  softer. 
As  a  rule,  the  cut  section  of  a  lipoma  presents  a  yellow- 
ish or  whitish,  glistening,  lobulated  surface,  having  the 
characteristic  appearances  of  adipose  tissue.  In  the  ma- 
jority of  cases  the  microscopical  examination  is  hardly 
necessary  for  the  diagnosis. 

Microscopical  Appearances. — As  stated  above,  the  mi- 
nute structure  of  lipomata  corresponds  in  general  with 
that  of  normal  subcutaneous  fat.  Other  varieties  of  tis- 
sue may  take  part  in  the  make-up  of  the  growth.  If  the 
fibrous  trabeculae  are  developed  to  such  an  extent  that 
they  form  a  prominent  feature  of  the  tumor  the  latter  may 
be  styled  a  fbrolipoma.  As  the  result  of  the  increased 
consistence  of  such  tumors  they  are  also  called  lipo- 
ma durum  or  steatoma.  A  combination  of  myxomatous 
tissue  with  fatty  tissue  gives  rise  to  a  myxolipoma.  Osteo- 
lipomata,  clionSrolipomata,  and  myolipomata  have  also 
been  described.  An  abundant  blood  supply  with  over- 
development and  dilatation  of  the  blood-vessels  gives 
rise  to  the  form  known  as  teleangiectatic  lipoma;  the 
formation  of  blood  spaces  resembling  those  of  erectile 
tissue  to  the  variety  known  as  lipoma  cavernosum.  The 
soft  form  of  fibroma  may  also  be  combined  with  a  lipoma. 
To  very  cellular  varieties  of  a  sarcomatous  nature  the 
term  liposarcoma  may  be  applied.  Such  forms  are  rare, 
sarcoma  developing  less  frequently  in  lipoma  than  in  any 
other  benign  connective-tissue  tumor.  In  rare  cases  an 
excessive  formation  of  fat  of  lipomatous  nature  may  be 
combined  with  sarcoma  or  carcinoma.  Lipomatous  for- 
mations are  not  uncommon  in  teratomata,  and  may  form 
the  bulk  of  the  tumor.  The  presence  of  other  histologi- 
cal elements  such  as  epithelial  and  nervous  tissues  gives 
a  basis  for  differential  diagnosis.  Varieties  of  lipomata 
have  also  been  described  in  which  the  fat  tissue  presented 
the  appearances  of  embryonic  adipose  tissue. 

Evidences  of  the  growth  of  the  lipoma  may  be  found 
either  in  the  capsule  or  in  centres  of  growth  which  are 
scattered  throughout  the  tumor.  The  new  formation  of 
adipose  tissue  may  therefore  take  place  peripherally  or 
at  different  places  in  the  tumor.  A  fibrous  connective 
tissue  is  usually  first  formed,  and  this  later  undergoes 
metaplasia  into  fat  tissue. 

Manner  of  Orowth. — According  to  their  manner  of  de- 
velopment lipomata  may  be  classed  as  solitai-y,  multiple, 
circumscribed,  diffuse,  symmetrical,  etc.  The  diffuse  and 
multiple  forms  are  closely  related  on  the  one  hand  to  the 
simple  hyperplasias  of  fatty  tissue  resulting  from  anom- 
alies of  metabolism,  overeating,  etc. ;  and,  upon  the  other 
hand,  to  the  multiple  fibromata,  chondromata,  osteomata, 
etc.,  which  are  congenital  or  develop  from  misplaced 
anlage. 

The  diffuse  and  multiple  lipomata,  particularly  the 
symmetrical  forms,  have  in  recent  years  attracted  much 
attention,  and  various  hypotheses  have  been  advanced  in 
explanation  of  their  origin.  In  certain  cases  there  appears 
to  be  some  definite  connection  between  disturbances  of 
the  nervous  sj'stem  and  the  development  of  multiple 
lipomata.  Numerous  clinical  observations  show  the  co- 
incidence of  occurrence  of  multiple  lipomata  and  nervous 
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conditions.  The  development  of  symmetrical  lipomata 
in  association  witli  disturbances  of  sensation  and  motion 
Ms  been  seen  in  the  lower  extremities  after  injury  to  the 
spinal  column.  Neuralgias,  trophic  disturbances  of  the 
skin,  etc.,  have  been  observed  in  connection  with  multi- 
ple and  symmetrical  lipomata.  It  is  probable  of  course 
that  in  some  of  these  cases  the  nervous  disturbances  may 
be  the  result  of  pressure  by  the  tumor.  Lipomata  which 
are  themselves  painful  are  also  seen.  In  such  tumors 
there  may  be  a  new  formation  of  nerve  fibres,  or  the 
tumor  may  spring  from  the  connective-tissue  sheaths  of 
the  nerve  trunks  or  the  symptoms  may  be  the  result  of 
pressure.  An  exact  anatomical  distribution  of  the  tumors 
to  accord  with  the  peripheral  nerves  cannot  always  be 
made  out.  Multiple  lipomata  may  also  be  inherited. 
Blaschko  reports  the  case  of  a  family  in  which  the  male 
members  developed  multiple  lipomata  at  the  age  of  pu- 
berty, while  the  females  were  not  affected.  The  coinci- 
dence of  multiple  lipomata  with  rheumatoid  affections 
ias  ah-eady  been  mentioned. 

Broca  has  reported  an  extraordinary  case  of  multiple 
lipomata.  In  a  man  of  the  age  of  twenty -five  years  there 
appeared  on  the  right  thigh  a  small  fatty  tumor  which 
in  six  years  attained  a  large  size.  It  was  excised,  found 
to  weigh  five  pounds,  and  to  consist  of  ordinary  adipose 
tissue.  The  patient  remained  well  for  five  months  when 
tliere  occurred  an  eruption  of  hundreds  of  small  fatty 
tumors  all  over  the  body,  fresh  ones  developing  from 
time  to  time  during  a  period  of  forty  years.  At  the  age 
of  seventy  the  man  came  under  Broca's  care  for  treat- 
ment for  dysphagia.  Two  thousand  and  eighty  tumors 
in  size  from  that  of  a  pea  to  that  of  a  walnut  were 
•counted  over  the  body,  more  minute  ones  not  being  in- 
cluded. The  original  scar  showed  no  signs  of  disease. 
The  microscopical  examination  of  portions  of  the  growths 
removed  during  life  gave  the  appearance  of  lipofi- 
broma.  Increase  of  dysphagia  caused  emaciation  to 
set  in.  This  at  first  did  not  affect  the  tumors,  but  after 
several  weeks  the  emaciation  became  extreme  and  the 
tumors  diminished.  The  patient  finally  died  of  starva- 
tion. At  autopsy  no  trace  of  fat  was  found  in  the  nor- 
mal fat  depots.  A  large  fatty  tumor  surrounded  the 
■oesophagus  for  the  greater  part  of  its  extent,  occluding  the 
lumen;  the  pylorus  was  surrounded  by  a  similar  growth. 
Fatty  growths  were  found  in  the  valves  of  the  heart,  in 
the  deep  tissues  of  the  neck,  in  the  sheath  of  the  carotid 
vessels,  and  in  the  sheaths  of  the  muscles,  as  well  as  in 
the  normal  fat  regions.  Many  of  the  tumors  had  lost 
their  fat,  they  consisted  of  fibrous  tissue;  the  others 
presented  the  appearances  of  fibrolipomata.  It  is  diifl- 
oult  to  explain  such  a  case  as  this  except  on  the  ground 
of  a  congenital  anomaly. 

Site. — Lipomata  are  found  most  frequently  in  those 
parts  of  the  body  where  fat  tissue  is  most  abundant  nor- 
mally :  in  the  subcutaneous,  subserous,  and  submucous 
fat,  and  the  intermuscular  connective  tissue,  and  less  fre- 
quently in  the  kidney,  periosteum,  joints,  tendon  sheaths, 
meninges,  etc. 

Subcutaneous. — Circumscribed  lipomata  are  found  more 
frequently  in  the  subcutaneous  tissues  than  elsewhere, 
appearing  as  movable,  lobulated,  elastic  tumors.  The 
neck,  back,  gluteal  region,  thighs,  axillae,  anterior  ab- 
dominal wall,  arms,  hands,  and  feet  are  mentioned  in  the 
order  of  frequency  of  involvement.  Lipomata  of  the 
scalp  and  face  are  rare.  The  palms  of  the  hands  are 
more  often  the  seat  of  fatty  tumors  than  the  soles  of  the 
feet.  In  the  hands  lobules  of  fat  may  extend  from  the 
main  mass  of  the  tumor  underneath  the  palmar  fascia. 
Small  lipomata  may  be  found  occasionally  on  the  fingers. 
In  regions  where  the  skin  is  loose  the  lipoma  may  be- 
come pedunculated.  Subcutaneous  fatty  tumors  may 
reach  a  very  large  size.  They  are  sometimes  painful  and 
may  be  associated  with  nervous  symptoms.  Ordinarily 
they  are  painless.  Over  the  large  ones  the  skin  may  be 
stretched  to  such  an  extent  that  it  may  become  very 
atrophic  or  may  undergo  ulceration.  In  this  way  the 
tumor  itself  may  become  infected.  The  loose  nature  of 
the  fatty  tissue  and  the  low  resistance  of  the  surrounding 


tissue  make  such  an  infection  dangerous,  as  it  is  very 
likely  to  become  phlegmonous. 

The  diffuse  pseudolipoma  of  the  subcutaneous  tissue 
of  the  neck  may  be  mentioned  here.  It  is  in  reality  a 
diffuse  fatty  hyperplasia  and  gives  rise  to  the  condition 
known  as  "fatty  collar."  The  deeper  fascia  may  also 
be  involved,  and  the  lipomatosis  may  spread  over  the 
back,  shoulder,  and  trunk.  Similar  fatty  hyperplasias 
may  occur  in  the  subcutaneous  tissue  in  other  parts  of 
the  body.  In  some  cases  they  are  symmetrically  ar- 
ranged. In  the  majority  of  these  cases  there  seems  to  be 
a  definite  connection  between  the  condition  and  chronic 
alcoholism.  Under  changed  conditions  the  fatty  deposits 
become  smaller.  The  diffuse,  multiple,  and  symmetrical 
fatty  deposits  are  therefore  better  classed  as  pseudo- 
lipomata. 

Subserous. — Small  lipomata  are  not  rare  in  the  sub- 
serous tissues.  Polypoid  fatty  growths  are  occasionally 
seen  in  the  peritoneum,  pericardium,  pleura,  and  the  syn- 
ovial membranes.  When  possessing  a  definite  pedicle 
the  latter  may  become  twisted  and  atrophy,  or  may  tear, 
setting  the  tumor  free  into  the  serous  cavity  where  it  ap- 
pears as  a  free  mass  of  fat  showing  more  or  less  calcifi- 
cation. The  subserous  lipomata  may  reach  a  large  size, 
particularly  in  the  retroperitoneal  region,  and  may  be- 
come dangerous  through  the  pressure  exerted  upon 
important  organs.  Adami  has  discussed  at  length  the 
subject  of  retroperitoneal  lipoma,  collecting  forty  cases 
from  the  literature  and  reporting  several  of  his  own. 
As  a  rule,  the  fatty  tumors  of  this  region  are  slowly 
growing,  but  may  attain  a  very  large  size.  They  are 
usually  situated  more  to  one  side  than  to  the  other,  and 
are  usually  crossed  by  some  portion  of  the  large  intes- 
tine. Since  they  give  fluctuation  they  are  generally  at 
first  mistaken  for  cystic  tumors,  but  puncture  with  the 
trocar  yields  no  fluid.  This  fact  is  the  most  important 
point  in  the  differential  diagnosis.  Small  fatty  tumors 
are  sometimes  seen  in  connection  with  femoral  and  in- 
guinal hernias,  but  these  are  more  of  the  nature  of  local 
hyperplasias  of  fat  tissue  than  of  true  neoplasms.  Such 
hyperplasias  may  in  themselves  constitute  the  hernia,  and 
may  drag  the  intestine  down  into  the  sac  (hernial  lipo- 
mata). Similar  hyperplasias  of  the  epiploic  appendages 
may  present  the  appearance  of  pedicled  lipomata.  Sub- 
serous lipomata  of  the  anterior  abdominal  wall  may  some- 
times appear  as  subcutaneous  tumors  as  the  result  of  the 
atrophy  or  displacement  of  the  abdominal  muscles. 
Large  fatty  tumors  of  the  omentum  have  also  been  re- 
ported; in  several  instances  the  growth  presented  the 
character  of  a  myxolipoma. 

Suhwucous.Sm&W.  pedicled  lipomata  of  the  gastro- 
intestinal submucosa  are  occasionally  found.  They  are 
usually  of  small  size,  and  rarely  give  rise  to  symptoms. 
In  a  few  cases  they  have  been  of  the  size  of  a  man's 
fist,  and  when  situated  at  the  pylorus  or  ileocascal  valve, 
caused  obstruction.  In  other  cases  they  have  led  to  in- 
tussusception. In  the  submucosa  of  the  respiratory  tract 
fatty  tumors  are  more  rare.  Fatty  polypi  are  sometimes 
seen  in  the  laryngeal  and  nasal  mucosa. 

Intermuscular. — Fatty  tumors  are  occasionally  found 
between  the  muscles,  arising  in  the  intermuscular  con- 
nective tissue.  They  may  reach  a  very  large  size.  The 
myxolipoma  is  the  most  common  form,  and  is  character- 
ized by  a  tendency  to  become  sarcomatous.  They  are 
found  most  frequently  in  the  gluteal  folds,  thigh  mus- 
cles, and  muscles  of  the  neck.  Congenital  lipomata  have 
been  found  in  the  muscles  of  the  anterior  abdominal  wall. 
Enlargement  of  the  sucking  disc  may  give  rise  to  a  lipo- 
matous  tumor. 

Periosteum. — Lipomata  of  the  periosteum  are  rather 
rare.  As  a  rule,  they  also  contain  striped  muscle  fibres, 
and  are  therefore  to  be  regarded  as  heterotopous  tera- 
tomata.  In  some  cases  parosteal  lipomata  have  been  ob- 
served at  birth. 

Joints. — A  diffuse  subserous  hyperplasia  of  fatty  tissue 
is  not  uncommon  in  the  synovial  membranes  of  the 
joints,  the  knee- and  shoulder-joints  being  most  frequent- 
ly affected.     The  hyperplasia  of  the  villous  fringes  gives. 
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rise  to  an  arborescent  appearance  {lipoma  arbowsccitx). 
The  movements  of  the  joints  may  be  affected,  TJiese 
conditions  are  not  to  be  classed  with  tlie  true  lipomata. 

Internal  Or^/aHS.— Lipomata  are  found  more  frequently 
in  the  liidneys  tlian  in  any  other  of  tlio  internal  organs. 
The  tumors  may  arise  eitlier  from  tlie  fatty  or  fibrous 
capsule,  or  from  the  interstitial  connective  tissue  of  the 
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Fig.  5168.— Fibrolipoma  of  the  Kidney.     (Warthin.) 

cortex  and  medullary  pyramids.  They  are  usually  of 
small  size,  but  occasionally  become  so  large  as  to  be  of 
cUnical  importance.  In  the  capsule  the  tumors  may  rep- 
resent local  fatty  hyperplasias  or  metaplasias;  in  the 
kidney  cortex  they  are  probably  heterotopous  terato- 
mata,  though  it  is  possible  that  they  arise  in  some  cases 
directly  from  the  interstitial  connective  tissue  of  the 
organ  or  represent  a  metaplasia  of  a  fibroma  or  of  a  mass 
of  scar  tissue.  Many  growths  described  as  kidney  lipo- 
mata were  in  reality  "adrenal  rests."  The  writer  has  re- 
ported a  unique  case  of  fibrolipoma  of  tliis  organ  which 
was  so  large  as  to  cause  serious  clinical  symptoms  and 
to  require  operative  interference.  Tlie  growth,  of  which 
an  illustration  is  here  given  (Fig.  5188),  was  a  lobulated 
mass  fourteen  inches  long,  eight  inches  wide,  and  six 
inches  in  thickness,  weighing  two  pounds.  It  completely 
tilled  the  enormously  dilated  pelvisof  theleftkidney,  and 
.sent  a  round  cord-like  prolongation  down  into  the  dilated 
ureter.  The  only  remains  of  kidney  tissue  were  found  mi- 
croscopically in  the  cyst  wall  enclosing  the  tumor,  which 
was  entirfcly  free  except  for  a  pedicled  attac'hment  pos- 
teriorly. At  this  point  the  tissues  of  the  tumor  jiassed 
into  those  of  the  cyst  wall.  Microscopically  the  timior 
presented  the  structure  of  an  cedematous  tibrolijioma  its 
surface  being  covered  with  a  layer  of  atrojihic  transi- 
tional epithelium  derived  from  the  kidney  pelvis. 


Lipomata  of  the  heart  are  very  rare.  The  majority  of 
cases  reported  as  such  were  most  probably  conditions  of 
excessive  fatty  infiltration.  According  to  Orth,  small 
lipomata  are  sometimes  found  under  the  epicardium  near 
the  apex.  Albers,  Banti,  Handford,  Pasini,  and  others 
have  reported  the  occurrence  of  lii^omata  arising  in  the 
intermuscular  connective  ti.ssue.  The  cases  described 
as  lipomata  of  the  liter  and  spleen  are  very  doubtful. 
Those  found  upon  the  capsule  of  these  organs  probably 
represent  portions  of  omentum  or  epiploic  appendages  that 
have  become  loosened.  A  formation  of  adipose  tissue 
may  occur  also  in  old  adhesions.  Lipomata  of  the  otary 
have  apparently  not  5'et  been  observed.  In  the  uterus 
tumors  of  the  nature  of  lipomyoma  or  fibrolipoma  have 
been  seen  in  a  few  cases.  Fatty  tumors  of  the  broad 
ligament  are  very  rare.  Very  large  lipomata  are  occa- 
sionally seen  in  the  viilra.  They  may  increase  in  size 
during  pregnane}'.  Small  ones  are  found  rarely  beneath 
the  skin  of  tlie  scrotum.  Connected  with  the  spermatic 
cord  there  are  found  sometimes  lipomata  of  considerable 
size.  Some  of  the  smaller  tumors  of  the  cord  described 
as  lipomata  may  have  been  adrenal  tissue  (adrenals  of 
Marchand).  In  the  central  nerrous  system  lipomata  are 
found  rarely.  They  arise  usually  from  the  meninges, 
but  fatty  tumors  have  been  found  in  the  substance  of 
both  brain  and  cord.  In  the  case  of  the  brain,  they  ap- 
pear to  be  found  most  commonly  in  connection  with  the 
corpus  callosum.  They  are  probably  of  the  nature  of 
heterotopous  teratomata.  In  the  complex  teratomata  of 
the  nervous  system  a  large  part  of  the  tumor  mass  may 
be  made  up  of  fat  tissue.  Fatty  tumors  are  also  not  in- 
frequently found  in  the  sacral  and  lumbar  regions  in  con- 
nection with  spina  bifida  occulta. 

Ilctrograde  Clianges. — ^ According  to  Virchow,  it  is  not 
rare  to  find  in  lipomata  isolated  cavities  the  contents  of 
which  are  partly  fluid  and  partly  saponified.  Saponify- 
ing necrosis  of  lipomata  has  been  reported  by  a  number 
of  observers  ("  soap  cysts,"  "  butter  cysts  ").  The  necro- 
tic areas  appear  whitish,  opaque,  and  of  a  cheesy  consist- 
ence. Lime  salts  may  be  deposited  in  such  necrotic 
areas,  and  in  this  way  there  may  be  formed  calcareous 
nodules  throughout  the  growth.  A  deposit  of  lime  salts 
may  occur  also  within  the  stroma  of  the  tumor.  In 
some  cases  the  entire  growth  may  become  calcified.  ^  Os- 
sification has  also  been  reported  as  occurring  within 
lipomata.  Liquefaction  of  portions  of  the  fat  tissue  may 
occur.  Through  the  rupture  and  confluence  of  fat  cells 
pseudocysts  filled  with  oil  may  be  formed  (oil  cysts). 
The  twisting  of  the  pedicle  of  a  polypoid  lipoma  may 
lead  to  the  necrosis  and  shjughing  of  the  entire  tumor. 
Self-healing  may  result  iu  this  way.  In  some  cases  a 
serous  atrophy  of  the  fat  tissue  takes  place,  the  tumor 
assuming  the  character  of  an  O'dema  and  partial  lique- 
faction of  the  fat  tissue.  The  fat  may  be  removed  from 
the  cells  and  the  lipoma  changed  into  a  fibroma.  ]\Iyxom- 
atous  degeneration  converts  the  tumor  into  a  myxo- 
lipoma. This  is  the  most  common  retrograde  change 
ocetirring  in  fatty  tumors ;  and  is  of  the  nature  of  a, 
metaplasia.  Retrograde  changes  are  most  common  in 
the  lipomata  of  tlie  skin,  since  in  this  location  the  tumors 
are  most  exposed  to  injury  and  to  the  possibility  of  in- 
fection. 

DuGNOsis. — The  nature  of  the  gross  appearances,  the 
clinical  histor}',  etc.,  make  the  diagnosis  easy  in  those 
cases  in  which  the  tumor  can  be  seen  and  directly  pal- 
pated. The  subcutaneous  lipomata  are  slowly  growing, 
lobulated,  movatile  tumors,  and  give  pseudofluctuation. 
In  the  case  of  large  lipomata  of  the  internal  organs  the 
negative  results  of  aspiration  in  the  case  of  a  fluctuating 
tuuKU-  would  lead  to  the  suspicion  of  lipoma,  particu- 
larly iu  the  case  of  retroperitoneal  tumors.  The  presence 
of  inflammatory  changes  and  the  development  of  ca- 
chexia are  suggestive  of  sarcomatous  change.  Neuralgic 
jiaius  may  be  associated  with  lipomata.  The  symptoms 
in  general  are  dependent  upon  the  position  and  size. 
Lijiomata  of  internal  organs  may  give  rise  to  important 
pressure  symptoms.  In  tlic  great  majority  of  cases,  how- 
ever, the  only  effect  is  a  cosmetic  one.     In  spite  of  th& 
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?reat  size  to  -which  they  frequently  Attain  lipomata  do 
not  usually  influence  the  general  metabolism  of  the  body. 

Pkognosis.— The  prognosis  in  lipoma  is  favorable. 
Since  this  form  of  tumor  produces  no  metastases  it  must 
be  classed  with  the  benign  neoplasms.  Sarcoma  may 
develop  in  a  lipoma,  but  this  occurrence  is  very  rare, 
more  so  than  in  the  case  of  any  other  of  the  benign  con- 
nective-tissue tumors.  Sarcomatous  change  appears  to 
be  more  common  in  the  case  of  tumors  containing  both 
adipose  and  myxomatous  tissue  (myxolipoma),  the  result- 
ing sarcoma  being  of  the  nature  of  a  myxosarcoma. 
This  change  occurs  most  frequently  in  lipomata  of  the 
intermuscular  connective  tissue.  The  cases  reported  in 
the  literature  as  metastatic  lipomata  are  undoubtedly 
examples  of  sarcomata  containing  fat  tissue.  No  evi- 
dence exists  of  the  metastasis  of  a  pure  lipoma.  As  a 
rule,  the  growth  of  a  lipoma  is  gradual  and  slow,  with 
periods  of  apparent  quiescence.  In  the  case  of  infected 
lipomata,  particularly  those  of  the  skin,  the  prognosis 
is  more  grave,  since  the  conditions  favor  the  occurrence 
of  phlegmonous  inflammations  with  resulting  septicaemia 
•or  pyaimia.  Such  complications  are,  however,  on  the 
whole  rare.  In  the  case  of  large  lipomata  of  internal 
organs  the  prognosis  depends  upon  the  location  of  the 
growth,  the  extent  of  the  pressure  symptoms,  the  organs 
thus  involved,  etc.  The  removal  of  a  lipoma  usually  re- 
isultsin  a  cure,  recurrence  being  very  rare. 

Treatment. — The  treatment  is  purely  surgical.  In 
the  case  of  subcutaneous  lipomata  local  anassthesia  is 
usually  sufficient.  It  should  be  borne  in  mind  that  the 
■capsule  should  be  removed  in  all  cases  of  lipoma,  since 
very  often  the  new  formation  of  fat  tissue  proceeds  from 
the  fibrous  capsule.  In  the  case  of  the  diffuse  forms  the 
prolongations  of  fatty  and  fibrous  tissue  extending  into 
the  surrounding  tissues  should  be  dissected  out,  as  from 
these  a  recurrence  may  take  place.  In  those  cases  in 
which  the  tumors  are  covered  by  atrophic  or  inflamed  skin 
the  incision  is  best  made  at  the  base  of  the  growth  and 
not  over  it.  Tearing  should  be  carefully  avoided. 
Drainage  is  not  necessary.  The  strictest  aseptic  precau- 
tions should  be  observed  during  the  operation  and  after- 
ward, since  the  condition  of  the  tissues  about  the  growth 
favors  infection  and  the  occurrence  of  phlegmonous  in- 
flammations. Aldred  Scott  Wartliin. 

LIVER,  TUBERCULOSIS  OF  THE.— Without  excep- 
tion all  writers  agree  as  to  the  rarity  of  primary  tuber- 
culosis of  the  liver,  a  number  going  so  far  as  to  aflirm 
that  an  undoubted  case  of  primary  hepatic  tuberculosis 
has  not  yet  been  reported.  Such  an  apparent  immunity 
■on  the  part  of  this  organ  to  tuberculous  infection  cannot 
be  explained  by  any  lessened  opportunities  for  infection, 
as  compared  to  other  organs,  such  as  the  kidneys,  testi- 
cles, etc.,  in  which  a  primary  tuberculosis  of  clinical 
importance  is  not  so  rare.  Indeed,  it  would  appear  that 
the  liver  with  its  large  extent  of  vascular  surface  and  the 
relatively  slow  circulation  in  its  blood  spaces  would  stand 
a  very  good  chance  of  infection  from  tubercle  bacilli  that 
have  gained  a  cryptogenic  entrance  into  the  blood  stream. 
Further,  the  fact  that  tubercle  bacilli  may  be  taken  into 
the  alimentary  canal  in  the  food  and  drink  would  lead  to 
the  supposition  that  the  portal  veins  would  constitute 
one  of  the  avenues  of  tuberculous  infection.  These  con- 
siderations would  make  it  seem  probable  that  primary 
hepatic  tuberculosis  would  occur  more  often  than  we 
actually  find  to  be  the  case.  It  is  the  opinion  of  the 
writer  that  small  healed  primary  tubercles  not  infre- 
quently occur  in  the  liver.  As  is  well  known  to  every 
pathologist,  small  nodules  of  hyaline  connective^  tissue 
varying  in  size  from  that  of  a  pinhead  to  that  of  a  pea 
are  not  rare  in  this  organ.  By  the  majority  of  writers 
they  have  been  regarded  as  small  fibromata  or  healed 
^ummata.  The  fact  that  some  of  these  little  nodules 
consist  of  a  caseous  centre  surrounded  by  a  connective- 
tissue  capsule,  and  that  others  present  an  earlier  stage  of 
caseating  epithelioid  tissue  with  beginning  encapsulation, 
has  led  the  writer  to  regard  the  majority  of  such  nodules 
.as  healed  tubercles.     Similar  small  fibroid  nodules  are  also 


frequently  seen  in  the  spleen  and  kidneys  and  are  simi- 
larly interpreted.  If  the  probabilities  of  infection,  the 
not  infrequent  occurrence  of  healed  tubercles,  and  the 
extreme  rarity  of  primary  hepatic  tuberculosis  of  clinical 
importance  be  considered,  it  would  seem  that  the  liver 
possessed  a  relatively  high  resistance  to  tuberculosis. 

Such  a  relative  immunity  undoubtedly  exists  in  the 
foetal  liver.  A  number  of  cases  have  been  reported  of 
maternal  tuberculosis  in  which  the  liver  of  the  fa?tus 
contained  great  numbers  of  tubercle  bacilli  (as  shown  by 
staining  and  animal  inoculation)  without  histological 
lesions  of  tuberculosis.  Such  a  case  has  recently  been 
reported  by  the  writer.  The  seven-months  foetus  of  a 
woman  dying  from  acute  miliary  tuberculosis  was  exam- 
ined carefully  for  evidences  of  congenital  tuberculosis. 
The  placenta  presented  a  marked  miliary  tuberculosis. 
Tubercle  bacilli  were  found  in  the  hepatic  vessels  of  the 
foetus,  and  the  inoculation  of  a  guinea-pig  with  an  emul- 
sion of  foetal  liver  gave  positive  results.  Agglutination 
thrombi  were  foimd  in  the  liver  capillaries,  but  no  histo- 
logical evidences  of  tuberculosis.  Several  cases,  how- 
ever, have  been  reported  of  probable  congenital  tubercu- 
losis in  wliich  tuberculous  lesions  were  found  in  the 
liver,  the  infection  being  regarded  as  taking  place  through 
the  umbilical  vein  from  the  placenta.  These  cases  are 
therefore  to  be  classed  as  primary  hepatic  tuberculosis. 

If  primary  tuberculosis  of  the  liver  is  rare,  secondary 
involvement  of  this  organ  is  one  of  the  most  common 
pathological  findings.  Not  only  in  cases  of  acute  miliary 
tuberculosis  are  great  numbers  of  tubercles  found  in  this 
organ,  but  also  in  all  advanced  cases  of  chronic  pulmo- 
nary and  bone  tuberculosis.  Even  in  cases  in  which  the 
disease  of  the  lung  is  not  very  extensive  scattered  sec- 
ondary tubercles  may  be  found  throughout  the  liver. 
As  a  rule,  these  secondary  tubercles  are  very  small,  and 
as  it  is  rarely  possible  to  recognize  them  by  the  naked 
eye  at  autopsy,  they  are  frequently  overlooked.  In  the 
great  majority  of  cases  their  presence  can  be  demon- 
strated only  by  microscopical  examination.  The  larger 
ones  (size  of  a  mustard  seed  to  that  of  a  pea)  are  grayish, 
semitranslucent,  with  yellowish  opaque  centres.  They 
can  be  best  seen  in  the  livers  of  children  where  they  often 
are  several  millimetres  in  diameter.  The  infection  is  usu- 
ally hsematogenous,  and  the  microscopical  picture  pre- 
sented is  that  of  a  disseminated  miliary  tuberculosis  of 
the  organ.  Occasionally  larger  caseous  nodules  are  found 
in  connection  with  miliary  tubercles,  and  more  rarely 
tuberculous  cavities  or  abscesses.  Still  more  rarely  there 
are  found  large  solid  caseous  nodules  in  the  liver  resem- 
bling the  solitary  tubercles  of  the  brain.  These  may  be 
mistaken  for  cancer  nodules  or  gummata.  Such  large 
nodules  may  not  show  any  especial  connection  with  the 
bile  ducts,  and  it  is  probable  that  in  some  cases  they  rep- 
resent primary  tubercles. 

The  number  of  the  miliary  tubercles  may  be  so  great 
that  each  section  may  be  full  of  them ;  in  other  cases  it 
may  be  necessary  to  examine  many  sections  before  a 
tubercle  is  found.  In  the  case  of  pulmonary  and  bone 
tuberculosis  and  general  mihary  tuberculosis  the  infec- 
tion of  the  liver  is  usually  through  the  hepatic  artery ; 
in  the  case  of  intestinal  tuberculosis  it  may  take  place 
through  the  portal  vein  or  lymphatics.  The  tubercles, 
in  infection  either  through  the  hepatic  artery  or  through 
the  portal  vein,  are  found  chiefly  at  the  periphery  of  the 
lobule  and  in  the  interlobular  connective  tissue.  A  small 
number  may  be  found  in  the  intermediate  and  central 
zones  of  the  lobule.  As  the  nodules  increase  in  size  they 
extend  in  from  the  periphery  and  cause  a  destruction  of 
the  liver  cells. 

The  writer  believes  that  in  the  great  majority  of  cases 
the  earliest  step  in  the  formation  of  a  liver  tubercle  is  an 
agglutination  thrombosis  in  the  liver  capillary.  The 
deposit  and  growth  of  tubercle  bacilli  upon  the  endothe- 
lium of  the  capillary  wall  and  the  consequent  injury  to 
the  endothelial  cells  are  probably  chiefly  responsible  for 
this  thrombosis.  As  a  result  of  the  thrombosis  and  of 
the  injury  to  the  endothelium,  as  well  as  from  the  for- 
mation of  toxins,  the  neighboring  liver  cells  undergo 
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degeneration  or  necrosis.  There  is  a  collection  of  leuco- 
cytes at  the  afEected  point,  and  these  may  also  undergo 
necrosis.  Following  the  degenerative  changes  there  is  a 
proliferation  of  the  endothelium  and  of  the  neighboring 
connective  tissue  leading  to  the  formation  of  an  epithe- 
lioid tubercle  which  sooner  or  later  shows  a  central  casea- 
tion. The  smallest  tubercles  may  show  no  inflammatory 
reaction  about  them.  Giant  cells  may  be  present  in  large 
or  small  numbers,  or  may  be  entirely  absent.  They  arise 
from  the  proliferating  endothelial  and  connective-tissue 
cells,  and  possibly  also  from  the  leucocytes.  As  the 
nodules  increase  in  size  they  may  become  confluent.  As 
the  result  of  an  interstitial  infiltration  about  the  tuber- 
cles the  picture  of  a  diffuse  cirrhosis  may  be  presented, 
newly  formed  connective  tissue  being  found  not  only 
between  the  lobules,  but  also  growing  into  the  latter. 
The  greater  the  number  of  tubercles  the  closer  the  re- 
semblance to  a  cirrhosis.  An  increase  of  the  small  bile 
ducts  may  be  observed  in  the  neighborhood  of  the  tuber- 
cles. A  true  atrophic  cirrhosis  may  result,  but  usually 
death  occurs  before  this  condition  has  time  to  develop. 
It  should  be  remembered  also  that  the  tuberculosis  may 
occur  secondarily  iu  a  cirrhotic  liver. 

In  very  acute  cases  of  general  miliary  tuberculosis  with 
a  high  degree  of  virulence  the  only  lesions  found  in  the 
liver  may  be  areas  of  focal  necrosis  of  the  liver  cells. 
These  areas  may  be  so  large  as  to  be  easily  seen  with  the 
naked  eye.  The  blood  spaces  of  the  necrotic  areas  are 
filled  with  fibrin  and  agglutinated  red  cells.  Large  col- 
onies of  tubercle  bacilli  may  be  found  In  the  necrotic  foci. 
No  proliferation  of  the  endothelium  or  connective  tissue 
may  be  present;  giant  cells  are  entirely  absent.  The 
process  can  be  recognized  as  tuberculosis  only  by  stain- 
ing for  tubercle  bacilli.  The  writer  has  seen  two  cases 
of  this  kind  which  were  diagnosed  as  typhoid  fever ;  the 
autopsy  showed  large  focal  necroses  in  liver,  spleen,  and 
kidneys,  those  in  the  liver  and  spleen  being  most  numer- 
ous and  largest.  No  epithelioid  proliferation  or  giant 
cells  were  found  about  these  areas,  and  the  tuberculous 
nature  of  the  process  was  recognized  only  on  staining  for 
tubercle  bacilli,  when  each  caseous  focus  was  found  to 
contain  great  numbers  of  the  latter.  In  general  miliary 
tuberculosis  of  a  less  virulent  type  small  focal  necroses 
of  this  kind  are  also  found  in  association  with  epitheli- 
oid, lymphoid,  and  caseating  tubercles.  It  is  also  to  be 
noted  that  in  such  cases  the  lesions  in  the  liver  are 
usually  smaller  than  in  other  organs,  and  this  fact  may 
also  be  taken  as  an  indication  of  a  greater  resisting  power 
on  the  part  of  the  liver  to  tuberculosis. 

In  the  case  of  hepatic  tubercles  occurring  secondar- 
ily to  chronic  tuberculosis  of  other  organs  the  liver  may 
show  such  changes  as  amyloid  and  fatty  infiltration. 
The  latter  change  is  practically  always  present.  In 
chronic  pulmonary  tuberculosis  the  liver  shows  usually 
a  more  or  less  marked  chronic  passive  congestion  (nutmeg 
liver).  In  acute  miliary  infections  the  liver  cells  show 
cloudy  swelling,  fatty  degeneration,  or  simple  necrosis. 

Hanot  and  Gilbert  distinguish  the  following  forms  of 
hepatic  tuberculosis: 

1.  Acute  hepatite  tubereuleuse  graisseuse  hypertro- 
phique. 

2.  Subacute,  (a)  Hepatite  tubereuleuse  graisseuse 
atrophique  ou  sans  hypertrophie ;  (i)  hepatite  tubereu- 
leuse parenchymateuse  nodulaire. 

3.  Chronic,  (a)  Cirrhose  tubereuleuse;  (i)  foie  gras 
tuberculeux  (without  tubercles). 

A  rare  complication  of  hepatic  tuberculosis  is  second- 
ary carcinoma  of  this  organ.  Several  cases  of  this  kind 
have  been  reported,  and  the  writer  has  seen  a  similar 
case  in  which  both  the  tuberculous  infection  and  the 
metastasis  of  the  carcinoma  were  through  the  portal 
vein. 

More  rare  than  secondary  miliary  tubercles  of  the 
liver  are  larger  caseous  nodules,  the  centres  of  which 
contain  cavities  filled  with  bile-stained  caseous  material. 
These  cavities  may  be  of  the  size  of  a  walnut.  The  proc- 
ess represents  a  tuberculosis  of  the  bile  ducts,  the  walls 
of  which  become  caseous.     The  infection  is  probably 


lymphogenous,  and  has  the  character  of  a  tuberculous 
periangiocholitis.  In  very  rare  cases  the  infection  may 
take  place  through  the  bile  ducts  themselves.  In  the 
great  majority  of  these  cases,  however,  the  tuberculous 
process  begins  around  the  bile  duct  and  invades  its  mu- 
cosa only  secondarily.  Hsematogenous  hepatic  tubercles 
may  or  may  not  be  associated  with  this  condition. 

The  liver  and  the  peritoneum  may  be  involved  at  the 
same  time,  but  this  organ  is  rarely  involved  from  the 
latter  or  from  the  omentum. 

In  experimental  hepatic  tuberculosis  in  animals  the 
process  runs  a  more  acute  course,  being  characterized  by 
larger  areas  of  necrosis. 

The  clinical  symptoms  of  hepatic  tuberculosis  are 
slight,  and  the  condition  can  but  rarely  be  distinguished 
from  the  miliary  or  chronic  process  with  which  it  is  as- 
sociated. The  occurrence  of  Icterus  or  the  rapid  devel- 
opment of  a  painless  ascites  points  to  the  development  of 
tuberculosis  of  this  organ.  In  children  the  organ  may  be- 
come enlarged  and  sensitive.        Aldred  Scott  Warthin. 

LOECHE-LES-BAINS     (LEUKERBAD).— Lo^che-les- 

Bains  is  situated  in  Switzerland  at  the  foot  of  the 
Gemmi  Pass,  at  an  altitude  of  4,600  feet.  The  nearest 
railway  station  is  distant  three  and  a  half  hours'  drive. 
The  little  village  of  Leukerbad  is  picturesquely  situated 
in  a  narrow  valley  about  a  mile  and  a  half  wide  and 
twelve  miles  long,  open  to  the  south  and  surrounded  on 
the  northwest  and  east  by  lofty  snow  mountains,  and 
hills  on  whose  spurs  flourLsh  the  pine  and  fir.  Through 
the  valley  runs  the  glacial  stream,  the  "  Dala,"  on  one 
bank  of  which  is  situated  the  village  and  on  the  other 
the  baths.  The  climate  is  a  mountain  climate,  change- 
able as  to  weather  and  temperature,  with  cool  mornings 
and  evenings.  Sometimes  snow  falls  in  June  and  Au- 
gust. Patients  should,  therefore,  he  provided  with. 
warm  clothing.  The  mean  temperature  for  June,  July, 
and  August  is  about  30°  F.,  the  mean  minimum  6.8°  F., 
and  the  maximum  45.7°  F. 

There  are  various  mountain  excursions  in  the  vicinity 
of  greater  or  less  extent,  and  from  here  a  bridle  patK 
leads  over  the  Gemnii  Pass  to  Kandersteg,  affording  im- 
pressive views  of  Alpine  scenery.  The  season  lasts  from 
June  ISth  to  September  30th. 

The  waters  of  I.oSche  are  classed  as  simple  thermal 
waters,  the  natur.i!  temperature  being  from  102°  F.  to 
104°  F.  They  contain,  hoM'ever.  1.9  solids  per  litre,  of 
which  1 A  is  calcium  sulphate,  and  hence  could  be  classed 
with  the  earthy  group. 

They  are  employed  for  both  drinking  and  bathing, 
chiefly  the  latter.  Both  the  short  and  the  prolonged  baths 
are  used,  particularly  the  latter,  which  are  a  specialty 
of  Louche.  They  are  taken  at  a  tempcr.'iture  of  93°  F. 
to  95°  F.,  and  last  from  one  to  six  hour.'.  For  the  most 
part  piscines  or  large  tanks  are  employed  where  mem- 
bers of  both  sexes,  clothed  in  woollen  garments,  bathe, 
a  partition  separating  the  flexes.  Games,  such  as  chess, 
dominoes,  checkers,  etc.,  are  played  on  small  floating 
tables,  and  the  same  are  used  for  serving  light  refresh- 
ments. 

Patients  are  advised  to  wait  a  few  days  before  begin- 
ning the  baths  in  order  to  become  acclimatized  and  re- 
cover from  the  fatigue  of  the  journey.  After  taking 
these  baths  for  ten  or  eleven  days,  a  sort  of  dermatitis 
appears  on  tlip  skin,  varying  in  intensity  and  accom- 
panied .sometimes  with  a  rise  of  temperature  and  ano- 
rexia. This  eruption  usually  persists  from  ten  to  four- 
teen days;   it  is  called  the  "  poussfe." 

The  prolonged  baths  are  beneficial  in  chronic  skin  af- 
fections, such  as  eczema,  psoriasis,  chronic  urticaria, 
lichen,  acne,  etc.  They  are  also  employed  in  cases  of 
chronic  rheumatism  and  gout  in  combination  with 
douche  massage.  AfTcctions  of  the  pelvic  viscera, 
chronic  catarrhal  conditions  of  the  mucous  membranes 
of  the  digestive,  respiratory,  and  sexual  organs,  ansemia, 
and  some  nervous  disorders  are  also  said  to  be  benefited 
by  these  waters,  and  in  these  cases  the  short  baths  are 
indicated. 
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July  and  August  are  the  chief  months  for  the  cure, 
and  during  tliis  period  the  patients  arrive  at  the  baths 
at  five  o'clock  in  the  morning  and  generally  take  a  cup 
of  tea  or  cofiee  in  the  bath.  After  the  bath  they  go  to 
bed  for  half  an  hour,  subsequently  take  a  short  walk, 
and  at  eleven  o'clock  take  a  regular  meal.  At  about 
three  p.m.  the  bath  and  rest  in  bed  are  repeated,  and  at 
six  the  principal  meal  of  the  day  is  taken.  The  duration 
of  the  day's  bathing  is  but  an  hour  at  first,  which  is 
gradually  increased. 

In  the  internal  use  of  the  waters  from  one  to  five 
glasses  are  drunk  daily ;  the  effect  is  diuretic  and  some- 
times sedative  to  gastric  irritability. 

The  baths  are  all  near  the  hotels,  with  which  they  are 
generally  connected  by  covered  corridors.  There  are 
arrangements  for  the  different  varieties  of  douche,  in- 
halation, pulverization,  massage,  etc. 

The  contraindications  aie  the  same  in  general  as  with 
other  thermal  baths. 

The  accommodations  are  good  and  reasonable. 

Edward  0.  Otis. 

MARASMUS.—  (Synonyms:  Infa.ntile  atrophy,  Athrep- 
sla,  Simple  wasting;    German,  Darmatrophie.) 

Definition. — itarasmus  may  be  described  as  progres- 
sive wasting  i]\  infants  without  discoverable  organic 
cause. 

Symptoms. — The  striking  feature  of  the  condition  is 
failure  to  gain  in  weight  or  slow  but  progressive  loss  in 
weight.  Meanwhile  increase  in  length  of  the  bony  skel- 
eton and  the  eruption  of  the  teeth  proceed  at  almost 
the  normal  rate ;  so  that  the  resulting  appearance  is 
peculiar    and    characteristic.     The    body    is    thin    and 


few  minutes  after  the  taking  of  food.  The  stools  may 
be  large  or  small ;  in  recent  cases  they  may  show  evi- 
dences of  indigestion,  but  in  well-developed  cases  that 
are  properly  managed  the  stools  are  smooth  and  con- 
tain neither  curds  nor  mucus.  Their  color  depends 
upon  the  food  being  administered.  Cases  in  which  there 
is  diarrhoea  are  complicated  by  intestinal  indigestion  or 
inflammation.  The  fontanelle  is  depressed  to  a  greater 
or  lesser  degree,  the  temples  are  sunken,  the  mouth  and 
tongue  are  dry  and  in  advanced  cases  glazed  and  covered 
by  patches  of  thrush.  The  intercostal  spaces  are  de- 
pressed so  that  it  is  impossible  to  use  a  stethoscope  sat- 
isfactorily upon  the  front  and  sides  of  the  chest.  The 
skin  becomes  thin,  loses  its  elasticity,  and  hangs  in  folds 
particularly  on  the  abdomen  and  on  the  inner  sides  of 
the  thighs.  The  abdomen  may  be  either  distended  in 
cases  where  indigestion  is  present,  or  it  may  be  flaccid 
and  depressed  as  is  usually  the  case  with  patients  who 
are  being  carefully  fed.  There  is  enlargement  of  the 
liver  discovered  by  palpation,  but  no  enlargement  of 
the  spleen.  Movements  of  the  intestines,  particularly  the 
colon,  are  readily  observed  through  the  abdominal  wall. 
The  temperature  is  apt  to  be  subnorm.al,  96°  to  97°  F.  in 
the  rectum  being  a  common  reading.  The  extremities 
are  cold.  The  superficial  lymph  nodes  on  the  abdomen, 
in  the  groins,  in  the  axilla^,  and  in  the  neck  are  frequently 
somewhat  enlarged. 

On  account  of  the  extreme  emaciation,  there  is  a 
great  tendency  to  the  formation  of  bed-sores  upon  the 
sacrum,  the  crests  nf  the  ilium,  and  the  back  of  the 
head,  so  that  constant  change  of  position  is  absolutely 
necessary,  together  w  ith  the  greatest  care  of  the  skin 
in  these    situations.      Petechia;    may  develop,  usually 


Fig.  5189.— Marasmus.    Infant  seven  months  old.    Weight  seven  pounas— half  a  pound  less  than  the  birth-weight. 


markedly  emaciated,  all  the  subcutaneous  fat  having 
disappeared  except  the  sucking  pads  in  the  cheeks ;  so 
that  the  bones  and  muscles  are  plainly  made  out  through 
the  loosely  hanging  skin  and  the  face  take.s  on  the  ap- 
pearance of  an  old  man.  The  color  is  pale  or  yellowish 
gray ;  the  eyes  have  an  anxious  expression,  and  the  child 
is  looking  about  in  search  for  food  and  is  putting  its 
fingers  into  its  mouth  or  grasping  at  anything  near  by 
to  suck.  There  is  a  constant  fretful  cry  which  later  be- 
comes a  whine.  Verv  young  infants  may  not  even  cry, 
but  sleep  most  of  th(3  time,  so  that  the  family  is  lulled 
into  a  false  sense  of  security.  These  infants  are  always 
hungry,  and  the  hunger  is  not  appeased  for  more  than  a 


first  upon  the  abdomen;  they  are  not  necessarily  of  bad 
prognostic  significance,  for  I  have  seen  recovery  in  even 
the  severest  cases. 

There  is  a  peculiar  tendency  of  these  infants  to  de- 
velop suddenly  a  general  oedema.  This  appears  first  in 
the  feet,  hands,  and  eyelids,  and  then  extends  to  the 
genitals  and  the  rest  of  the  body.  Frequently  the.  first 
sign  of  such  developing  oedema  is  a  sudden  gam  m 
weight  of  three  or  four  ounces  in  twenty-four  hours ;  so 
that  one  is  always  suspicious  that  any  sain  of  several 
ounces  in  twenty-four  hours  will  prove  to  be  spurious 
and  due  to  this  condition. 

The  weight  of  marantic  infants  is  of  course  far  below 
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the  normal  for  their  age.  Wo  frequently  see  infants  suf- 
fering from  this  condition  whose  weight  at  six  months 
or  later  is  less  than  their  birth  weight.  I  have  fre- 
quently had  babies  at  six  months  weighing  six  pounds 
and  not  uncommonly  those  at  one  year  with  a  weight  of 
ten  pounds.  On  account  of  the  growth  of  the  skeleton 
in  length,  these  infants  appear  to  weigh  less  than  they 
actually  do. 

Physical  examination  of  the  chest  sometimes  reveals 
a  slight  blowina;  cardiac  murmur ;  at  other  times  a  loud 
consenital  heart  murmur  is  found.  At  the  back  of  the 
chest  between  the  scapula;  there  are  frequently  heard, 
especially  in  advanced  cases,  fine  crackling  riles,  which 
are  due  to  hypostatic  coneestion,  the  result  of  the  feeble 
circulation  and  of  lying  upon  the  back. 

The  emaciation  continues  until  assimilation  is  re-es- 
tablished; but  the  babjr  will  remain  fretful  and  even 
hungry  until  the  weight  increases  to  within  a  couple  of 
pounds  of  what  is  normal  for  the  infant'.s  age. 

If  no  improvement  takes  place  the  baby  dies  either 
from  exhaustion  or  from  some  intercurrent  disease,  par- 
ticularly acute  gastroenteric  infection,  broncho-pneu- 
monia, or  sepsis  from  infection  arising  at  the  sites  of 
decubitus  ulcers. 

In  many  cases  there  is  a  peculiar  tendency  to  hold  the 
head  retracted  in  a  condition  of  cervical  opisthotonos, 
and  there  is  also  a  tendency  of  the  extremities  to  be 
held  rigid  in  a  condition  of  semiflexion,  resulting  in  tho 
presence  of  Kernig's  sign  and  leading  falsely  to  the  di- 
agnosis of  tuberculous  meningitis.  This  rigidity  dimin- 
ishes and  disappears  as  the  nutrition  of  the  child  im- 
proves and  as  the  fontanelle  resumes  its  normal  level. 

Diagnosis. — The  condition  must  be  distinguished 
from  congenital  syphilis,  pyloric  stenosis,  tuberculosis, 
and  acute  inanition. 

Pathology. — Very  careful  studies  have  been  made  of 
hundred.?  of  cases  of  marasmus,  but  the  findings  do  not 
satisfactorily  explain  the  condition.  The  question  al- 
ways arises  whether  the  post-mortem  conditions  are  the 
cause  or  the  result  of  the  prolonged  wasting.  The  con- 
stant lesions  found  in  the  alimentary  tract  are  a  marked 
thinning  of  the  intestinal  mucous  membrane  with  atro- 
phy of  the  intestinal  viUi  and  tubules.  The  stomach  is 
often  dilated  and  its  mucous  membrane  coated  with 
tenacious  mucus.  In  some  cases  there  has  been  found 
hyperplasia  of  the  epithelium  and  connective-tissue  in- 
filtrations of  the  mucous  membrane  of  the  intestines  to- 
gether with  atrophy  of  the  glandular  substance.  The 
solitary  and  agminated  follicles  are  frequently  some- 
what swollen  and  pigmented,  presenting  the  so-called 
"  shaven-beard  "  appearance,  and  there  may  be  some 
enlargement  of  the  mesenteric-lymph  nodes.  Bloch 
{Jahrbuch  f.  Kinderheilkunde ,  1904,  lix.t  found  that 
Paneth's  cells  in  the  duct.s  of  I.ieberkiihn  contain  few  or 
none  of  the  granules  which  are  regarded  as  indicating  that 
the  cells  have  normal  functional  power.  The  liver  is  often 
found  much  enlarged  and  fatty.  The  lesion  under  the 
microscope  is  shown  to  be  a  fatty  infiltration.  Accord- 
ii!g  to  Holt,  this  lesion  is  not  more  frequent  in  maras- 
mus than  in  infants  dying  from  other  diseases,  so  that 
too  much  must  not  be  made  of  this  finding.  The  brain 
is  an.'Pmic.  _  Thi-ombi  are  rare.  The  heart  muscle  is 
pale  and  thin;  the  kidneys  may  show  parenchymatous 
degeneration,  but  are  commonly  normal.  Hypostatic 
congestion  of  the  lungs  along  the  posterior  strips  is 
common. 

Pathogenesis.—  The  essence  of  the  condition  seems 
to  be  a  failure  of  absorption  or  assimilation  or  both  com- 
bined. In  numerous  instances  there  is  added  an  auto- 
intoxication by  decomposition  products  absorbed  from 
the  intestine.  The  existence,  however,  of  cases  in  which 
there  is  no  discoverable  evidence  of  indigestion,  and  in 
which  'a  quantity  of  food  sufficient  or  more  than  suf- 
f-icient  for  the  caloric  needs  of  the  infant  is  being  taken 
and  digested,  proves  that  some  interference  with  absorp- 
tion and  assimilation  is  present.  Absorption  depends, 
of  course,  upon  the  epithelium  in  the  intestinal  wall,  and 
perhaps  upon  the  intestinal  juices,  while  assimilation 

5T4: 


depends  upon  chemical  processes,  most  likely  ferment 
action  in  the  body  cells.  The  atrophic  condition  of  the 
intestinal  wall,  together  with  the  fatty  condition  of  the 
liver,  has  been  thought  by  many  to  explain  this  failure 
of  absorption  and  assimilation.  It  is  not  certain,  how- 
ever, that  the  atrophy  of  the  intestinal  wall  may  not  be 
a  result  of  the  starvation  rather  than  its  cause. 

Another  theory  is  that  the  condition  is  the  result  of 
infection,  and  that  it  can  be  communicated  from  one 
child  to  another.  In  support  of  this  are  brought  forth 
the  cases  in  which  marasmus  develops  in  several  infants 
in  a  hospital  ward.  Against  this  theory  it  is  to  be  re- 
marked, however,  that  such  infants  are  prone  to  de- 
velop marasmus  because  of  "  hospitalism,"  and  that  the 
condition  also  develops  in  private  practice  where  there 
are  no  other  children  to  give  the  infection.  Keller 
thinks  the  condition  is  frequently  an  acid  autointoxica- 
tion ;  undoubtedly  this  is  true  in  some  oases.  Went- 
worth  ascribes  the  condition  to  lack  of  the  only  food, 
i.e.,  breast  milk,  capable  of  adequately  activating  the 
digestive  functions. 

Perhaps  the  best  explanation  of  the  condition  is  that 
recently  proposed  by  Kdsall  {Journal  of  the  American^ 
Medical  .^  .'JsoCTaiiow,  May  4th,  1907).  His  idea  is  that 
the  defect  is  one  in  the  ferment  action  of  the  intestinal 
wall  and  of  the  body  cells.  In  the  process  of  metabo- 
lism food-stuffs  are  broken  down  into  simpler  products 
by  ferment  action,  are  absorbed,  changed  into  the  forms 
in  which  they  circulate  in  the  blood,  and  built  up  into 
human  tissue  also  by  ferment  action.  The  catabolism 
and  the  anabolism  are  carried  on,  in  many  instances,  by 
the  same  ferment,  the  action  in  the  two  cases  being 
merely  reversed.  It  is  probable,  according  to  Edsall, 
that,  except  with  human  milk  as  the  food,  the  ferment 
action  of  catabolism  is  incomplete,  and  that  the  end 
products  of  proteid  digestion  are  not  suitable  for  being 
built  up  into  human  proteid.  The  infant  can  use  the 
heterologous  proteid  for  obtaining  energy,  but  cannot 
use  it  for  building  up  its  own  body  cells,  since  this  re- 
quires homologous  proteid.  Moreover,  since  the  fer- 
ment that  causes  the  final  breaking  down  of  foreign 
proteid  and  the  initial  building  up  of  the  fragments  into 
homologous  proteid  is  the  same  (the  action  in  the  lat- 
ter instance  being  merely  reversed),  and  since,  moreover, 
this  catabolic  ferment  is  deficient  in  its  power,  neces- 
sarily the  anabolism  is  likewise  defective,  and  the  baby 
fails  to  grow. 

Etiology. — In  considering  the  etiology  it  must  first  be 
noted  that  this  condition  occurs  almost  wholly  in  the 
first  year  of  life  and  in  the  majority  of  the  cases  during 
the  first  six  months.  It  is  very  rare  among  breast-fed 
infants  and  is  commonest  in  artificially  fed  babies  that 
have  had  an  attack  of  gastroenteritis,  particularly  those 
that  live  in  institutions  or  homes  for  infants.  It  is 
therefore  met  with  most  frequently  during  August  and 
September.  The  condition  does  occur  in  private  prac- 
tice, but  is  rather  rare. 

Etiologically  the  cases  can  be  divided  into  (a)  those 
that  are  secondary  to  congenital  syphilis,  congenital 
heart  disease,  tuberculosis,  and  acute  pulmonary  in- 
flammations ;  (6)  those  in  which  the  malnutrition  is  a 
symptom  and  result  of  the  existing  gastroenteric  in- 
flammation or  indigestion ;  and  (c)  those  that  give  no 
evidence  of  any  organic  or  functional  abnormality  save 
the  failure  of  assimilation.  It  is  only  the  last  class  of 
cases  that  this  article  considers.  These  cases  in  turn 
may  be  divided  into  those  due  to  congenital  debility  or 
insufficiency  of  the  assimilative  function,  such  that  not 
even  breast  milk,  let  alone  cow's  milk  or  other  food,  can 
be  utilized ;  and  those  that  arise  after  a  period  of  gas- 
troenteric indigestion  or  inflammation,  generally  the  re- 
sult of  withdrawing  breast  milk  or  of  inability  to  adapt 
the  modified  cow's  milk  to  the  digestive  capacity  of  the 
baby.  It  is  to  be  kept  constantly  in  mind,  however, 
that  after  this  condition  of  marasmus  is  once  established, 
the  infant  may  show  absolutely  no  signs  of  any  digestive 
disturbance,  and  the  function  of  the  stomach  and  bowels 
may  be  performed  with  apparent  .perfection,  there  being 
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no  vomitmg  or  colic,  no  excess  of  gas,  and  the  stools  ap- 
pearing perfectly  normal.  Moreover,  in  many  cases  the 
absorption  of  the  food  seems  satisfactory,  the  stools  not 
being  more  copious  than  in  normal  infants  taking  the 
same  quantity  of  food. 

Some  change  in  the  food,  particularly  the  substitution 
of  brea-sit  milk,  either  wholly  or  in  part,  for  the  previous 
diet  may  tip  the  scale  for  the  better  with  the  result  that 
the  infant  begins  to  gain  in  weight  and  progress,  and  the 
recovery  is  steady  although  sometimes  slow.  These 
cases  where  recovery  occurs  upon  the  addition  of  breast 
milk  to  the  diet  would  support  the  theory  of  Edsall  or 
that  of  Wentworth  that  the  pathogenesis  of  the  condi- 
tion lies  in  the  insufficiency  of  ferment  action  or  inabil- 
ity to  activate  the  digestion.  Another  class  of  cases 
will  improve  upon  the  addition  of  pancreatic  ferments 
to  the  food,  or  upon  the  addition  of  malt  diasta,»e.  These 
also  would  bear  out  these  theories.  Still  another  cla.ss 
of  cases  will  not  improve  until  alkalies  are  added.  These 
cases  bear  out  the  contention  of  Keller,  who  considers 
the  condition  largely  an  acid  autointoxication. 

Treatment. — Feeding.  The  consideration  of  the  eti- 
ology of  the  condition  as  well  as  the  results  of  practical 
experience  make  it  evident  that  proph/laxif:  is  best  ob- 
tained by  promoting  so  far  as  possible  the  breast-feeding 
of  all  infants,  particularly  those  that  are  congenitally 
weak,  and  those  that  have  suffered  from  severe  gastro- 
intestinal or  other  disorders.  Next  best  is  the  care- 
ful adaptation  of  modified  cow's  milk  to  the  digestive 
capacity  of  the  infant,  with  particular  caution  against 
the  use  of  all  mixtures  rich  in  fat,  which  so  often  result 
in  acid  autointoxication,  and  with  caution  also  against 
overfeeding. 

When  the  condition  is  once  established,  breast-feed- 
ing should  be  advised  in  all  cases,  and  the  breast  milk 
should  be  adapted  to  the  digestion  of  the  infant  either 
by  the  use  of  simple  diluents  (such  as  water,  barley 
water,  or  either  with  lime  water  added)  given  before  the 
nursings,  or  by  the  use  of  some  of  the  digestive  ferments 
suspended  in  lime  water  or  barley  water.  Combinations 
of  the  ferments  seem  to  give  the  best  results.  In  the 
great  majority  of  cases,  breast-feeding  will  result  in  a 
speedy  improvement  of  the  baby.  It  is  often  necessary, 
in  order  to  secure  the  best  results,  that  the  wet-nurse's 
baby  should  continue  to  nurse  its  mother  so  that  the 
breasts  may  have  a  sufficiently  strong  nursing  stimulus 
to  keep  up  the  activity  of  the  glands.  If  it  is  impossible 
to  get  a  wet-nurse,  it  is  at  times  possible,  nevertheless, 
to  obtain  breast  milk  for  some  of  the  feedings,  or  to 
have  the  baby  nursed  once  or  twice  each  day.  On  ac- 
count of  the  ferments  in  the  breast  milk  and  on  account 
of  the  ease  with  which  the  breast-milk  proteids  can  be 
digested  and  built  up  into  human  tissue,  even  a  little 
breast  milk  is  of  great  value.  According  to  Wentworth, 
the  breast  milk  increases  the  amount  of  hydrochloric 
acid  and  of  secretin,  and  these  in  turn  activate  the 
pancreas. 

When  it  is  impossible  to  obtain  any  breast  milk,  one 
must  continue  with  artificial  feeding.  According  to  the 
most  improved  methods  of  milk  modification,  the  milk 
should  be  fresh,  clean,  and  raw.  Inasmuch  as  these 
babies  do  not  digest  fat  satisfactorily,  a  mixture  having 
a  low  percentage  of  fat  should  be  used.  Top-milk  mixt- 
ures and  mixtures  of  cream  and  milk  are  therefore  not 
so  satisfactory  as  mixtures  made  from  whole  milk  or 
even  from  skimmed  milk.  The  resulting  formula  should 
have  the  percentage  of  fat  not  higher  than  that  of  the 
proteid.  For  instance,  a  healthy  baby  of  three  months 
would  probably  be  taking  six  or  seven  feedin.gs  daily 
of  3i  to  4  oz.  of  modified  milk,  whose  composition 
would  average  3  per  rent,  fat,  0  to  7  per  cent,  susar, 
and  1.5  per  cent,  proteid.  The  marantic  babj  of  the 
^ame  ace  weighing  seven  or  eight  pounds  would  prob- 
ably do  better  upon  eight  feedings  of  3  to  3J  oz. 
each,  of  a  formula:  0..5  to  1  percent,  fat,  6  per  cent, 
sugar,  and  1  to  1.5  per  cent,  proteid.  It  is  often  advis- 
able to  peptonize  this  food,  and  if  the  baby  is  over  three 
months  old  to  use  barley  water  as  a  diluent  instead  of 


plain  water.  Frequently  it  is  wise  to  use  whey  and 
milk  in  making  the  mixtures  in  order  to  increase  the 
quantity  of  soluble  proteid  therein;  for  instance,  in 
making  up  a  quart  of  modified  milk,  instead  of  using 
8  ounces  of  mixed  milk,  it  would  be  wiser  to  use  4  ounces 
of  mixed  milk  and  12  ounces  of  whey,  together  with  the 
required  amount  of  milk  sugar  and  water  or  barley  water. 
In  this  way  the  percentage  of  the  easily  digested  lact- 
albumin  is  increased.  At  times  it  may  be  necessary, 
for  a  short  period,  to  use  whey  alone  or  even  peptonized 
whey.  The  whey  should  not  be  continued  for  a  long 
time,  however,  because  it  lacks  the  nucleoproteiri  con- 
tained in  the  casein  of  the  m.ilk.  If  the  baby  is  not 
satisfied  with  the  food,  first  the  quantity  and  then  the 
strength  of  the  food  may  be  increased,  care  being  taken 
to  make  any  change  gradually.  The  whey  can  gradu- 
ally be  replaced  by  milk,  and  in  cool  weather,  for  the 
sake  of  its  higher  caloric  value,  by  top  milk  of  increas- 
ing fat  percentage.  This  can  be  substituted  an  ounce 
at  a  time  for  the  mixed  milk  or  for  the  skimmed  milk. 

If  the  peptonized  modified  milk  does  not  result  in  a, 
relief  of  symptoms  and  gain  in  weight,  it  is  of  advan- 
tage in  cases  where  there  is  neither  vomiting  nor  diar- 
rhoea to  make  use  of  Keller's  malt-soup  mixture.  This 
is  a  modification  of  cow's  milk  made  up  with  wheat- 
flour  gruel  and  a  specially  prepared  alkaline  malt 
extract.  Keller's  directions  are  to  take  3  ounces  of  spe- 
cially prepared  malt  extract  containing  potassium  car- 
bonate (made  by  Loeflund  and  known  as  Ijoeflund's 
malt-soup  extract)  and  to  dissolve  this  in  one  pint  of 
water.  Two  ounces  of  wheat  flour  are  suspended  in  a 
pint  of  milk,  thoroughly  stirred  and  drained  through 
cheese  cloth.  The  malt-extract  solution  and  the  milk 
containing  the  flour  are  then  mixed  in  a  vessel  and  set 
over  the  fire  for  about  one-half  hour,  being  stirred  con- 
stantly. When  the  mixture  begins  to  boil,  the  food  is 
removed  and  put  into  the  feeding  bottles.  The  mixture 
contains  dextrinized  cereal  and  maltose  in  addition  to 
the  milk  which  has  been  sterilized. 

The  writer  has  had  personal  experience  with  this  form 
of  feeding  in  his  hospital  and  private  cases  for  over  two 
years,  and  has  found  it  oftentimes  of  the  greatest  value. 
Usually,  however,  at  the  outset  the  milk  and  flour  should 
be  employed  in  about  one-half  the  quantities  mentioned, 
otherwise  some  indigestion,  shown  either  by  loose  stools 
or  by  vomiting,  may  result.  As  the  infant  becomes  ac- 
customed to  the  new  food,  the  quantity  of  the  flour  and 
of  the  milk  can  be  safely  increased. 

Oeneral  Hygiene. — These  infants  require  intelligent 
care;  they  must  be  kept  warm,  but  must  not  be  cod- 
dled in  close  rooms.  Plenty  of  fresh  air,  day  and  night, 
is  absolutely  essential,  so  that  the  infants  must  be  kept 
out  of  doors  or  on  a  balcon}'  as  much  as  possible.  The 
skin  must  be  kept  clean  by  a  daily  bath,  after  which  an 
inunction  of  equal  parts  of  olive  oil,  cod-liver  oil,  and 
lanolin  should  be  made.  In  winter  it  is  often  neces- 
sary to  wrap  the  extremities  in  cotton,  as  one  would 
swathe  a  premature  infant ;  hot-water  bottles  should  be 
kept  at  the  feet  and  mittens  on  the  hands  to  prevent  the 
extremities  becoming  chilled. 

Special  Treatment. — As  an  aid  to  the  dietetic  treat- 
ment it  is  sometimes  advantageous  to  administer  minim 
doses  of  dilute  hydrochloric  acid  after  the  feedings.  If 
stimulation  is  needed  heat  to  the  extremities,  nux  vomica 
by  mouth,  and  hot  saline  irrigations  of  the  colon  are 
most  efficacious.  The  colon  irrigations  may  be  given 
every  day  or  two,  as  they  seem  to  retard  the  loss  in 
weight.  If  cedema  develops,  all  salt  should  be  with- 
drawn from  the  food  and  saline  irrigations  discontin- 
ued. An  increase  in  the  proteid  content  of  the  food 
should  be  made  and  any  irrigations  used  should  be  of 
plain  warm  water.  The  cedema  seems  to  depend  in 
some  cases  upon  salt  being  retained  in  the  tissues,  in 
others  upon  lack  of  proteid  in  the  food. 

F'requent  change  of  position  and  attention  to  the 
diapers  are  necessary  to  prevent  the  development  of 
bed-sores,  as  well  as  to  prevent  hypostatic  pneumonia. 
If  bed-sores   develop  they  must  be  treated  on  surgical 
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Iirinciples.  Thrush  is  best  combated  by  painting  the 
mouth  every  second  day  with  one-per-cent.  formalde- 
hyde solution,  and  by  using  a  solution  of  bicarbonate 
of  sodium  or  of  borax  subsequently  as  a  mouth  wash. 

Careful  study  of  the  digestive  peculiarities  of  the  infant, 
together  with  the  careful  application  of  our  present 
knowledge  of  the  patbogenpsis  of  this  condition,  will  re- 
sult in  the  saving  of  many  cases  formerly  considered 
hopeless.  Linnoeun  E.  La  Fetra. 

MESOTAN  is  the  methyloxymethylester  of  salicylic 
acid,  CoH4(OH)COOCH!,OCH,.  It  is  a  yellow,  aromatic 
oily  fluid,  of  a  specific  gravity  of  1.2  at  15°  C.  Slightly 
soluble  in  water,  fairly  so  in  alcohol,  ether,  chloroform, 
and  fixed  oils.  It  decomposes  at  100°  C.  with  the  lib- 
eration of  salicylic  acid,  formaldehyde,  and  methyl 
alcohol.  It  is  somewhat  unstable  when  exposed  to  the 
air  and  should  therefore  be  kept  in  well- stoppered 
bottles. 

Mesotan  is  absorbed  through  the  skin,  liberating  sali- 
cyUc  acid,  and  thus  acts  directly  upon  the  affected  part, 
reheving  pain  and  swelling.  When  applied  to  the  skin 
it  is  apt  to  cause  an  irritation  preceded  by  a  burning 
sensation.  It  is  best  diluted  with  fifty  per  cent,  of  olive 
oil,  and  is  used  as  an  external  application  in  muscular 
and  articular  rheumatism,  acute  or  chronic,  as  well  as 
in  gout  and  neuralgia.  It  should  be  applied  without 
friction  in  fifty-per-cent.  mixture,  two  or  three  times  a 
day.     The  part  should  be  lightly  covered. 

John  W.  Wainwright. 

MICTURITION,  DISORDERS  OF.— Given  normal 
urine  and  a  normal  genito-urinary  tract,  micturition  is 
accompanied  and  followed  by  no  other  sensation  than  one 
of  relief,  and  is  performed  normally  from  four  to  twelve 
times  in  twenty-four  hours,  depending  upon  the  temper- 
ature and  humidity  of  the  air,  the  amount  of  exercise 
taken,  the  intensity  of  the  mental  occupation  and  the 
degree  of  anxiety  which  it  entails,  the  volume  of  water 
drunk,  and  upon  the  kind  of  food  ingested. 

For  convenience  in  reference,  the  disorders  of  micturi- 
tion are  given  alphabetically ;  but  the  several  possible 
causes  of  each  disorder  are  arranged  as  nearly  as  possible 
according  to  the  frequency  of  their  occurrence. 

Diminished  Stream. — This  disorder  may  be  either  (1) 
temporary,  or  (2)  constant  until  relieved  by  surgical  in- 
tervention. 

1.  When  temporary  or  of  short  duration  a  diminution 
in  the  size  of  the  stream  points  to  a  transient  obstruction, 
e.g.,  congestion  at  some  point  or  zone  in  the  urethra  or  a 
urethral  spasm. 

As  a  result  of  inflammation,  any  part  of  the  urethral 
canal  may  become  swollen  to  the  extent  of  obstructing 
the  urinary  stream  to  a  greater  or  less  extent.  Thus  we 
may  have  a  diminished  stream  due  to  a  severe  acute  ure- 
thritis affecting  the  anterior  urethra,  with  or  without 
involvement  of  the  posterior  urethra.  It  may  also  be 
observed  in  connection  with  an  acute  prostatitis. 

Any  lesion  of  the  urethra — e.g. ,  organic  stricture,  espe- 
cially if  irritable,  or  a  granular  patch — is  capable  of  ex- 
citing urethral  spasm,  especially  in  neurotic  individuals. 
The  diagnosis  must  be  made  partly  by  exclusion,  but 
chiefly  by  exploration  of  the  urethra  with  a  bougie-a- 
boule,  sound,  and  endoscope. 

3.  A  diminished  stream  which  either  shows  no  ten- 
dency to  grow  larger  or  undergoes  a  progressive  further 
diminution  in  size,  points  to  an  organic  obstruction.  In 
all  cases  of  this  nature  of  long  standing  the  resulting 
atony  of  the  bladder  plays  an  important  though  second- 
ary part  in  the  character  of  the  stream. 

Organic  stricture,  when  neglected,  gives  a  stream 
which  tends  constantly  but  slowly  to  diminish  in  size. 
If  the  stricture  be  situated  at  or  near  the  meatus  the 
stream  will  be  small  and  scattering,  but  forcible ;  if  it  be 
situated  deeper  within  the  canal,  the  forcible  projection 
will  be  lacking.  When  the  stricture  becomes  inflamed 
from  any  cause,  the  diminution  progresses  rapidly  and 
may  persist  until  complete  retention  results. 
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Prostatic  enlargement  has  among  its  early  symptoms 
a  diminution  of  .the  urinary  stream.  As  micturition  be- 
gins, the  stream  is  small  and  feeble,  sometimes  dribbling; 
it  then  becomes  larger  and,  except  in  the  later  stages  of 
enlargement  of  the  prostate,  attains  a  fair  volume  and 
force,  only  to  become  again  small  and  feeble  and  usually 
dribbling  as  the  act  is  completed. 

Chronic  contraction  of  the  prostatic  fibres  surrounding 
the  neck  of  the  bladder  gives  the  same  symptoms  as  does 
commencing  enlargement  of  the  prostate.  In  the  differ- 
ential diagnosis  the  chief  point  is  the  age  of  the  patient ; 
in  many  cases  the  diagnosis  cannot  be  made  without  an 
exploratory  perineal  section. 

Periurethral  abscess  may  cause  a  narrowing  of  the 
urethra  and  thus  diminish  the  stream ;  when  situated  in 
the  bulbous  portion  the  abscess  may  cause  acute  reten- 
tion. 

A  partial  plugging  of  the  urethra  by  a  small  calculus 
arrested  on  its  way  from  the  bladder  produces  a  diminu- 
tion of  the  stream  that  becomes  more  marked  as  inflam- 
matory congestion  advances.  If  the  calculus  is  rough 
there  will  follow  an  oozing  of  blood  from  the  meatus, 
unless  the  urethral  mucous  membrane  happens  to  be 
deeply  cicatricial  at  the  point  of  arrest.  Palpation  along 
the  course  of  the  urethra — per  rectum  for  the  posterior 
portion — rarely  fails  to  detect  the  calculus.  Instrumen- 
tal exploration  usually  is  conclusive. 

A  partial  plugging  of  the  outlet  of  the  bladder  by  a 
pedunculate  tumor  or  a  small  movable  calculus  will  give 
rise  to  a  diminished  stream  accompanied  by  symptoms 
more  or  less  pathognomonic  of  the  lesion  present.  The 
diagnosis  is  materially  aided  by  the  fact  that  immediate 
relief  is  obtained  by  dorsal  decubitus  or  by  the  dislodge- 
ment  of  the  obstruction  by  means  of  a  sound  or  searcher. 

Urethral  polypi  diminish  the  stream  in  proportion  to 
their  size.  When  they  are  very  small  there  may  be  no 
symptom  except  hemorrhage. 

Dribbling. — In  addition  to  the  dribbling  that  charac- 
terizes the  first  and  second  forms  of  incontinence,  and 
which  is  sufficiently  described  in  subsequent  paragraphs, 
still  other  types  of  dribbling  may  be  recognized.  Thus 
we  have : 

1.  The  involuntary,  painless  escape  of  a  few  drops  of 
urine  at  the  end  of  micturition. 

2.  The  voluntary,  not  always  painless,  escape  of  a  few 
drops  of  urine  at  the  beginning  of  micturition. 

3.  The  urine  is  voided  in  drops  throughout  micturition. 

(1)  In  prostatic  enlargement  the  dribbling  of  a  few 
drops  of  urine  at  the  end  of  micturition  is  a  common  and 
early  symptom.  It  is  independent  of  the  degree  of  vesi- 
cal atony  which  may  be  present ;  in  fact,  it  may  exist 
without  the  presence  of  any  vesical  atony  whatever. 

In  chronic  urethritis  (anterior  or  posterior  or  both)  the 
dribbling,  when  present,  is  constant  until  the  muscular 
tone  of  the  urethra  has  been  restored. 

In  stricture  of  the  urethra  of  large  calibre  the  final 
drops  of  urine  are  caught  behind  the  stricture  and  drib- 
ble out  into  the  clothing. 

In  chronic  contraction  of  the  prostatic  fibres  surround- 
ing the  neck  of  the  bladder  the  dribbling  at  first  is  an 
intermittent  symptom ;  later,  it  is  constant. 

(2)  In  prostatic  enlargement  the  voluntary  and  not 
always  painless  escape  of  a  few  drops  of  urine  occurs  at 
the  beginning  of  micturition.  It  is  preceded  by  hesitancy 
and  gradually  gives  way  to  the  full  stream,  which  in 
turn  dies  away  and  ends  with  dribbling. 

(3)  In  filiform  stricture  of  the  urethra,  if  it  has  existed 
for  a  relativelj'  short  period  of  time,  and  consequently  is 
associated  with  only  slight  atony  of  the  bladder,  the 
stream  is  of  a  dribbling  character,  and  is  produced  with 
more  or  less  effort. 

In  acute  prostatitis  (including  prostatic  abscess)  and 
in  acute  seminal  vesiculitis  the  urine  is  voided  in  drops 
when  retention  threatens,  either  from  mechanical  ob- 
struction or  as  the  result  of  reflex  irritation. 

Frequency  and  Urgency;  Pain  and  Tenesmus. — Fre- 
quency of  urination  may  be  normal,  or  physiologic, 
within  wide  limits.    It  is  abnormal,  or  pathologic,  when 
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accompanied  by  urgency,  pain  or  tenesmus,  or  when  due 
to  a  tangible,  pathologic  condition  or  to  that  obscure 
pathologic  state  called  a  neurosis.  Frequency  rarely  oc- 
curs without  at  least  a  trace  of  urgency ;  frequency  and 
urgency  are  practically  never  without  a  degree  of  initial  or 
terminal  pain  and  tenesmus.  Frequency  due  to  quan- 
tity alone  is  not  included,  it  being  dependent,  strictly 
speaking,  upon  a  disorder  of  elimination. 

In  acute  posterior  urethritis,  when  this  is  severe,  fre- 
quency and  urgency  are  marked;  a  lesser  grade  gives 
only  frequency ;  the  mildest  grade  of  all  does  not  occa- 
sion any  disorder  of  micturition.  In  every  case  of  acute 
posterior  urethritis  a  digital  rectal  examination  should  be 
made  to  ascertain  whether  acute  prostatitis  and  acute 
seminal  vesiculitis  are  present. 

In  chronic  posterior  urethritis  there  is,  in  most  cases,  a 
very  trifling  frequency  which  shows  a  tendency  to  in- 
crease and  may  become  complicated  by  urgency,  as  well 
as  occasionally  by  pain  and  tenesmus,  during  an  exacer- 
bation of  the  local  congestion.  In  a  few  cases  frequency 
is  constant,  and  is  accompanied  by  more  or  less  urgency 
and  slight  initial  and  terminal  pain,  with  very  moderate 
tenesmus. 

In  organic  urethral  stricture  the  frequency  is  due  to 
the  maintenance  of  a  chronic  posterior  urethritis.  Usu- 
ally it  is  diurnal  only.  Later  on,  chronic  partial  retention 
is  added,  and,  the  symptoms  becoming  exaggerated  by 
the  congestion  due  to  this  retention,  urgency  and  pos- 
sibly pain  and  tenesmus  develop. 

In  acute  prostatitis  and  acute  seminal  vesiculitis  (in- 
cluding prostatic  abscess)  there  may  be,  in  the  early  stage, 
simply  increased  frequency,  but  usually  both  this  symp- 
tom and  urgency  coexist  from  the  outset,  and  with  them 
are  associated  more  or  less  pain  and  tenesmus.  Very 
rarely  there  is  no  disorder  of  micturition.  Digital  rectal 
examination  affords  the  only  means  of  establishing  the 
diagnosis. 

In  chronic  prostatitis  and  chronic  seminal  vesiculitis 
a  slight,  uncomplicated,  diurnal  increase  in  frequency  is 
a  characteristic  of  tlie  disease.  It  tends  to  increase  and 
urgency  develops  during  the  occasional  mild  exacer- 
bations to  which  the  coincident  posterior  urethritis  is 
liable. 

In  prostatic  enlargement,  uncomplicated  increase  in 
frequency,  especially  if  nocturnal,  in  a  man  forty -five 
years  of  age  or  older,  who  gives  no  history  of  a  previous 
increase  in  frequency,  is  pathognomonic  of  the  early 
stages  of  this  affection.  The  frequency  increases  with 
the  enlargement,  and  sooner  or  later  becomes  diurnal  as 
well.  Still  later  it  becomes  complicated  by  urgency  and 
pain,  and  then  by  tenesmus,  all  of  these  depending  upon 
the  degree  of  prostatitis  and  urethrocystitis  that  have 
developed,  and  in  some  cases  (especially  those  of  an  ad- 
vanced type)  upon  the  presence  or  absence  of  a  calculus. 

All  varieties  of  acute  cystitis  cause  increased  frequency 
of  micturition.  If  the  inflammation  be  severe,  or  if  it 
centre  about  the  neck  of  the  bladder,  as  it  commonly 
does,  there  will  be  extreme  frequency  with  urgency, 
which  latter  symptom  may  amount  to  a  slight  inconti- 
nence on  occasions.  There  will  also  be  pain  and  tenes- 
mus, the  latter  sometimes  amounting  to  strangury.  As 
a  rule,  however  temporary  relief  quickly  follows  the 
terminal  pain  and  tenesmus. 

In  chronic  cystitis  frequency  of  micturition  may  be 
absent  during  the  quiescent  periods  and  during  mild  ex- 
acerbations. Urgency  is  rare.  Unusual  frequency  with 
urgency,  pain  and  tenesmus,  denotes  a  sharp  exacerba- 
tion. Oft-recurring  exacerbations  in  cases  with  little  or 
no  prostatic  enlargement  furnish  strong  presumptive 
proof  of  the  presence  of  a  calculus  in  the  bladder;  and 
when  such  exacerbations  occur  in  cases  in  which  the 
prostate  is  enlarged,  they  indicate  either  that  a  fresh  in- 
fection has  taken  place,  or  that  there  is  a  calculus  in  the 
bladder,  or  both.  When  a  sharp  haematuria  accompanies 
the  exacerbations  a  differential  diagnosis  will  be  required 
between  ulceration— simple,  gonorrhoeal,  or  tuberculous, 
— a  calculus,  and  a  neoplasm. 

When  a  calculus  is  present  in  the  bladder,  diurnal  rather 
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than  nocturnal  increase  of  frequency  is  a  characteristic  of 
the  condition.  Micturition  is  usually  accompanied  by 
pain,  sometimes  also  by  tenesmus,  depending  upon  the 
size  of  the  calculus,  the  character  of  its  surface,  and  the 
degree  of  cystitis.  Thus  the  increased  frequency  may 
become  practically  incontinence.  The  terminal  pain  is 
referred  usually  to  a  point  about  an  inch  back  from  the 
meatus.  When  the  calculus  is  small  and  mobile,  and 
therefore  capable  of  rolling  against  the  vesical  outlet, 
there  occur  sudden  attacks  of  increased  frequency, 
urgency,  pain  and  tenesmus,  with  a  minimum  of  cys- 
titis. Recumbency  lessens  the  suffering;  occasionally 
it  gives  complete  relief.  Exercise,  especially  that  which 
jolts  the  pelvis,  aggravates  the  symptoms. 

In  pyelitis,  when  acute  and  of  high  grade,  the  fre- 
quency, urgency,  pain,  and  tenesmus  referred  to  the 
neck  of  the  bladder,  may  simulate  vesical  calculus. 
Chronic  pyelitis  gives  at  most  a  slight  increase  in  fre- 
quency of  micturition. 

The  presence  of  a  small  tumor  in  the  bladder,  if  it  be 
seated  at  a  point  remote  from  the  outlet,  may  not  affect 
micturition.  In  a  case  of  this  character  an  uncomplicated 
haematuria  is  the  only  symptom  that  would  point  to  the 
presence  of  the  tumor.  Larger  tumors  produce  increased 
frequency  which  is  in  direct  proportion  to  their  size; 
they  also  produce  urgency,  pain,  and  tenesmus,  all  of 
which  symptoms  depend  for  their  severity  upon  the 
location  and  mobility  of  the  tumors.  This  applies  also 
to  polypi  in  the  prostatic  urethra. 

In  ulcer  of  the  bladder,  simple,  gonorrhoeal  or  tuber- 
culous, urgency  depends  upon  the  proximity  of  the  ulcer 
to  the  vesical  neck.  If  it  be  situated  within  the  neck, 
there  will  be  more  or  less  pain  and  tenesmus,  sometimes 
initial  as  well  as  terminal,  with  more  or  less  hsematuria. 

In  vesical  tuberculosis  an  otherwise  unaccountable  in- 
crease in  frequency,  diurnal  and  nocturnal,  is  an  early 
symptom.  Cystoscopy  often  aids  in  the  diagnosis. 
Later,  the  presence  of  urgency,  pain,  and  tenesmus,  and 
their  severity,  depend  upon  the  proximity  of  the  lesion 
to  the  vesical  neck  and  upon  the  extent  of  the  lesion  in- 
dependently of  its  location.  In  advanced  cases  the  pain 
and  tenesmus  usually  are  very  severe  and  may  be  accom- 
panied by  haematuria.  A  negative  examination  for  tu- 
bercle bacilli  in  the  urine  is  not  conclusive. 

In  renal  tuberculosis,  renal  calculus,  and  ureteral  cal- 
culus, when  not  complicated  by  cystitis,  these  affections 
may  give  rise  to  an  uncomplicated  diurnal  increase  in 
frequency.  Renal  colic,  due  to  any  one  of  the  above 
causes  or  to  movable  kidney,  may  be  accompanied  by 
reflex  increase  in  frequency,  urgency,  pain,  and  tenes- 
mus. 

Among  the  acute  symptoms  associated  with  intermit- 
tent hydronephrosis  there  is  usually  more  or  less  increase 
in  frequency  of  micturition,  often  accompanied  by  urg- 
ency, pain,  and  tenesmus;  the  severity  of  these  symp- 
toms depending  upon  the  cause  of  the  hydronephrosis. 
As  the  attack  subsides  and  the  pent-up  urine  is  liberated, 
there  is  likely  to  be  a  slight,  uncomplicated,  transient 
increase  in  frequency  due  to  the  sudden  increase  in  the 
quantity  of  the  urine. 

In  tuberculous  prostatitis  the  incipient  stage  and  occa- 
sionally a  more  advanced  stage  give,  as  a  rule,  no  urinary 
symptoms.  When  the  disease  is  well  advanced  it  causes 
increased  frequency  and  more  or  less  urgency,  accom- 
panied by  terminal  pain  and  tenesmus  so  sharp  as  to 
simulate  vesical  calculus.  The  diagnosis  is  established 
by  exclusion  and  by  the  discovery  of  nodules  in  the  pros- 
tate on  digital  rectal  examination.  A  negative  examina- 
tion for  tubercle  bacilli  in  the  urine  is  not  conclusive. 

Increase  in  frequency  of  micturition  occurs  as  a  neu- 
rosis in  young  and  neurotic  individuals,  and  possibly  also 
in  neurasthenic  men.  The  increased  frequency  is  diurnal 
and  may  become  exaggerated  by  the  large  quantity  of 
urine  which  these  patients  sometimes  excrete.  In  some 
cases  any  attempt  to  postpone  the  act  of  micturition 
causes  severe  pain.  The  differential  diagnosis  between 
this  neurosis  and  incipient  vesical  tuberculosis  is  some- 
times difficult  without  the  aid  of  cystoscopy. 
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In  hernia  of  the  bladder,  before  cystitis  has  developed, 
increase  in  frequency  is  the  only  urinary  symptom.  The 
pathognomonic  signs  are :  a  more  or  less  tense,  fluctuating 
tumor  in  the  usual  site  of  an  inguinal  hernia ;  its  disap- 
pearance under  gentle  manipulation  while  the  patient  is 
recumbent ;  his  ability  to  rise  and  void  another  volume 
of  urine,  although  he  emptied  his  bladder  immediately 
before  the  reduction;  and,  finally,  the  reappearance  of 
the  tumor  when  the  bladder  is  distended  with  fluid.  _ 

In  contracted  bladder  the  increase  in  frequency  is  as 
pronounced  during  the  night  as  it  is  during  the  daytime. 
When  the  contraction  is  due  to  interstitial  changes  fol- 
lowing long-standing  chronic  cystitis  from  any  cause,  or 
when  it  is  due  to  advanced  tuberculosis,  progressive,  or 
stationary,  there  are  increased  frequency,  some  urgency, 
and  more  or  less  terminal  pain  and  tenesmus. 

Two  very  rare  conditions — a  congenitally  small  blad- 
der and  an  undeveloped  bladder  due  to  a  long-neglected 
incontinence  in  childhood  that  has  resulted  in  the  habit 
of  frequent  micturition — give  equal  diurnal  and  noc- 
turnal increase  in  frequency  as  the  only  symptoms  so 
long  as  there  are  no  complications. 

In  chronic  lesions  of  the  spinal  cord,  a  degree  of 
increased  frequency,  which  may  well  be  described  as 
an  irritability  of  the  bladder,  is  common  in  the  earliest 
stages.  Later  on,  there  occurs  an  increase  in  frequency 
which  is  dependent  upon  distention  of  the  bladder. 

Hesitancy  or  Sloioness  in  Starting  the  Stream.— As  a 
pure  neurosis  hesitancy  is  very  common ;  it  is  seen  in  the 
difficulty  which  certain  patients  experience  when  they 
attempt  to  urinate  in  a  hurry  or  in  the  presence  of 
others. 

In  prostatic  enlargement  hesitanc}'  is  an  early  and  prac- 
tically constant  symptom.  In  chronic  contraction  of  the 
prostatic  fibres  surrounding  the  neck  of  the  bladder  it  is 
equally  common. 

In  acute  inflammatory  conditions  of  the  urethra  hesi- 
tancy is  due  either  to  urethral  spasm  as  such,  or  to  an 
inhibitory  effect  through  fear  of  the  ardor  wince. 

Chronic  lesions  of  the  urethra — e.g.,  granulations  or 
an  irritable  stricture — sometimes  produce  a  momentary 
urethral  spasm. 

In  acute  and  chronic  inflammatory  affections  of  the 
prostate  and  seminal  vesicles  hesitancy  may  result  either 
from  the  slight  mechanical  obstruction  offered  or  from  a 
slight  urethral  spasm. 

Painful  diseases  of  the  rectum — e.g.,  ulcer,  fissure,  or 
inflamed  hemorrhoids — not  infrequently  produce  a  mo- 
mentary urethral  spasm. 

Incontinence. — Three  forms  are  recognized:  1.  A  con- 
stant, passive,  more  or  less  continuous  flowing  away  of 
the  urine.  3.  An  involuntary  escape  of  a  few  drops  of 
urine  on  occasions.  3.  An  inability  to  retain  sufiicient 
urine  in  the  bladder  to  constitute  an  act  of  micturition,  or 
the  constant  voluntary — sometimes  involuntary — empty- 
ing of  the  bladder  by  the  expulsion  of  a  few  drops  very 
frequently.  (The  nocturnal  enuresis  of  children  is  not 
included,  as  it  does  not  come  properly  under  the  title  of 
this  article.     See  Enuresis.) 

1.  This  first  form  is  true  incontinence.  Ordinarily  it 
occurs  under  only  two  conditions:  (o)  overdistention  of 
an  atrophic  bladder ;  (J)  atony  of  the  vesical  sphincters, 
with  or  without  atrophy. 

Prostatic  enlargement  is  the  most  classic  cause  of  over- 
distention  with  atrophy  and  therefore  of  true  incon- 
tinence in  a  man  past  the  age  of  fifty -five.  The  incon- 
tinence is  chiefly,  if  not  wholly,  nocturnal.  Filiform 
stricture  of  the  urethra,  if  of  long  standing  and  associated 
with  marked  atony  of  the  bladder,  bears  the  same  relation 
to  true  incontinence  in  younger  men.  Here  the  incon- 
tinence is  chiefly  diurnal,  and  often  alternates  with  acute 
retention. 

Among  the  diseases  of  the  spinal  cord  locomotor  ataxia 
(tabes  dorsalis)  and  other  scleroses  often  cause  atony  of  the 
bladder,  thus  permitting  overdistention  and  true  incon- 
tinence. Spastic  contractions  of  the  vesical  sphincters 
will  foster  the  overdistention;  sensory  disturbances  ca>is- 
ing  ansesthesia  of  the  region  will  augment  the  incon- 


tinence.    On  the  other  hand,  the  reverse — viz.,  atony  of 
the  sphincters  and  hyperijesthesia — may  obtain. 

3.  This  form  of  incontinence  presents  many  grades  and 
is  a  symptom  of  several  different  lesions.  The  occasions 
on  which  it  occurs  are:  exacerbations  in  the  causative 
lesions,  and  any  sudden  unusual  pressure  upon  the  blad- 
der, such  as  takes  place  in  coughing,  sneezing,  jumping, 
or  lifting  a  weight.  The  causative  lesions  are :  chronic 
posterior  urethritis;  ulcers  near  the  neck  of  the  bladder, 
simple,  gonorrhoeal,  or  tuberculous ;  vesical  calculi ;  vesi- 
cal tuberculosis,  especially  when  affecting  tlie  neck, 
whether  with  or  without  ulceration;  renal  tuberculosis 
("slight  incontinence  with  frequency,  in  the  absence  of 
other  lesions,  is  strongly  suspicious  of  renal  tuberculsis  ") ; 
contracted  bladder  due  to  antecedent  extreme  pericystitis 
or  interstitial  cystitis;  chronic  prostatitis ;  slight  atony, 
or  "relaxation,"  of  the  vesical  sphincters  without  atony 
of  the  bladder. 

3.  This  is  the  least  characteristic  form  of  incontinence. 
It  is  merely  an  extreme  frequency  with  uncontrollable 
urgency,  and  is  therefore  complicated  by  more  or  less 
pain  and  tenesmus.  The  lesions  that  cause  it  are:  severe 
acute  posterior  urethritis ;  acute  cystitis ;  a  large  rough, 
movable  calculus,  or  a  collection  of  facetted  calculi, 
occupying  the  cavity  of  the  bladder  and  partially  distend- 
ing it ;  a  small,  rough  calculus,  lodged  in  the  prostatic 
urethra ;  renal  calculi,  causing  attacks  of  severe  colic. 

Interrupted  Stream. — This  is  also  known  as  the  "stam- 
mering stream." 

The  causes  of  this  disorder  operate  either  (1)  mechani- 
cally, by  intermittent  obstruction,  or  (3)  reflexly,  by  in- 
termittent excitation  of  the  vesical  sphincter.  Under 
the  first  class  are:  Prostatic  enlargement;  chronic  con- 
traction of  the  prostatic  fibres  surrounding  the  neck  of 
the  bladder;  a  small,  rounded,  mobile  calculus;  a  pedun- 
culate tumor;  a  blood  clot.  Under  the  second  class  are: 
Acute,  subacute,  and  chronic  urethritis ;  stricture  of  the 
urethra,  both  of  large  and  small  calibre;  neurasthenia 
and  neurotic  tendencies. 

Retention. — Confusion  arises  from  the  use  of  the  word 
retention  when  suppression  is  meant.  Retention  of  urine 
applies  only  to  its  discharge  from  the  bbdder,  while  sup- 
pression of  urine  applies  only  to  its  excretion  by  the  kid- 
neys. 

Retention  is  due  either  to  a  mechanical  obstruction, 
which  prevents  the  escape  of  urine  from  the  bladder,  or 
to  a  diminished  expulsive  power  on  the  part  of  this 
organ ;  this  latter  condition  being  due  in  turn  to  impaired 
innervation  of  the  muscle  coat,  or  possibly  to  some  actual 
lesion  of  the  muscle.  In  obstructions  of  long  standing 
the  retention  is  due  to  a  combination  of  both  these  fac- 
tors, for  the  hypertrophy  which  developed  in  the  wall  of 
the  bladder  as  a  result  of  its  early  efforts  to  overcome  the 
obstruction  finally  gives  way  to  an  atrophy,  the  degree 
of  which  is  in  direct  ratio  to  the  chronicity  of  the  obstruc- 
tion. 

I.  Acute  Retention. — The  cause  may  be  (a)  organic 
obstruction;  (fi)  spasmodic  obstruction;  (c)  a  combina- 
tion of  both;  {d)  a  sudden  impairment  of  the  bladder 
function,  with  or  without  spasm  of  the  sphincter. 

(ffl)  The  following  are  among  the  more  important  or-' 
ganic  obstructions:  a  stricture  of  small  calibre,  when  in- 
flamed by  sexual  and  alcoholic  excesses,  by  excessive 
coffee  drinking,  or  by  exposure  to  cold  and  wet;  a  pros- 
tatic enlargement,  when  acutely  congested  or  inflamed — 
a  condition  to  which  it  is  peculiarly  liable  after  any  ex- 
cesses in  venery,  eating,  and  drinking,  and  as  a  result  of 
constipation ;  acute  prostatitis,  simple  or  gonorrhoBal, 
especially  when  resulting  in  an  abscess  that  is  pointing 
toward  the  bladder;  a  rupture  of  the  urethra,  complete 
or  partial;  plugging  of  the  internal  meatus,  e.g.,  by  a 
small,  movable  calculus,  a  pedunculate  vesical  tumor,  or 
a  blood  clot;  and,  finally,  periurethral  abscess,  especially 
when  located  in  the  bulbous  portion.  Among  the  rare 
organic  obstructions  should  be  mentioned :  Acute  poste- 
rior urethritis,  severe  acute  seminal  vesiculitis,  tuber- 
culous prostatitis,  and  papilloma  of  the  urethra. 

{b)  Spasmodic   obstruction — i.e.,    obstruction    caused 
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by  spasm  of  tbe  sphincter — occurs  under  the  following 
circumstances:  in  acute  anterior  urethritis,  occurring 
either  independently  or  in  connection  with  an  existing 
urethral  lesion  (e.g.,  a  stricture  or  a  granular  patch) ;  when 
the  urethi'a  is  the  seat  of  a  comparatively  slight  trauma, 
inflicted  by  a  blow,  by  rough  instrumentation,  or  by  irri- 
tating injections ;  when  there  are  rectal  lesions,  including 
fseeal  impaction  and  even  constipation  of  only  two  or 
three  days'  standing ;  after  operations,  minor  as  well  as 
major,  on  the  urethra  or  on  the  rectum  or  some  contig- 
uous region,  whether  performed  under  local,  spinal,  or 
general  antesthesia;  in  the  presence  of  shock,  post-opera- 
tive or  traumatic ;  as  a  result  of  enforced  postponement 
of  micturition,  especially  if  there  is  present  any  lesion  of 
tlie  urethra,  prostate,  or  seminal  vesicles ;  *  in  exhausting 
diseases,  such  as  typhoid  fever,  pneumonia,  peritonitis, 
and  meningitis ;  in  vesical  tuberculosis ;  in  pyelitis,  sim- 
ple, gonorrhoeal,  tuberculous,  or  due  to  a  calculus  (the 
last-named  occasionally  causes  acute  retention  instead  of 
the  more  usual  frequency  and  urgency  of  micturition) ; 
in  hernia  of  the  bladder — a  rare  occurrence ;  and,  finally, 
in  neuroses  and  neurotic  conditions  in  general. 

(c)  A  combination  of  organic  and  spasmodic  obstruc- 
tions is  observed  in  severe  acute  posterior  urethritis,  when 
the  swelling  is  extreme  and  when  spasm  is  excited.  It  is 
also  observed  in  severe  acute  prostatitis  and  in  seminal 
vesiculitis. 

(d)  Sudden  impairment  of  the  bladder  function,  with 
or  without  spasm  of  the  sphincter,  may  be  observed  in 
rupture  of  the  bladder,  whether  intra-  or  extraperito- 
neal, and  also  in  those  injuries  or  diseases  of  the  central 
nervous  system  which  result  in  the  production  of  a  sud- 
den hemiplegia  or  paraplegia,  with  or  without  coma. 

II.  Chronic  Retention. — This  is  either  partial  or  com- 
plete. Chronic  partial  retention  results  when  only  a 
portion  of  the  urine  is  spontaneously  voided,  the  rest 
remaining  in  the  bladder  as  "residual  urine."  Chronic 
complete  retention  exists  when  all  spontaneous  mic- 
turition has  been  lost  and  all  the  urine  has  to  be  drawn 
by  catheter. 

In  prostatic  enlargement  there  is  at  first  only  partial 
retention.  This  advances  to  complete  retention  if,  the 
true  state  of  affairs  not  being  recognized,  the  bladder  is 
allowed  to  become  atonic  through  overdistention.  Thus 
arise  the  cases  of  chronic  complete  retention  which  have 
apparently  assumed  this  character  from  the  outset.  An 
intercurrent  acute  retention  is  often  the  first  symptom  for 
which  the  patient  seeks  advice,  he  having  disregarded  the 
symptoms  of  the  partial  retention. 

The  remarks  made  in  reference  to  prostatic  enlargement 
in  a  preceding  paragraph  apply  with  equal  appropriate- 
ness to  chronic  contraction  of  the  fibres  surrounding  the 
neck  of  the  bladder.  This  chronic  contraction,  however, 
is  less  frequent  than  prostatic  enlargement,  and  conse- 
quently it  gives  rise  less  often  to  chronic  complete  reten- 
tion. 

In  filiform  stricture  of  the  urethra  the  chronic  retention 
is  only  partial ;  it  will  disappear  after  appropriate  treat- 
ment of  the  stricture  unless  the  latter  has  been  neglected 
for  many  years. 

In  chronic  prostatitis,  in  tuberculosis  of  the  prostate, 
and  in  vesical  tuberculosis  a  small  quantity  of  residual 
urine  is  an  almost  constant  objective  symptom. 

As  further  causes  of  chronic  retention  may  be  men- 
tioned :  habitual  failure  to  empty  the  bladder  completely 
by  reason  of  hurry  or  indifference ;  and  frequently  re- 
peated prolonged  postponement  of  micturition,  thus 
causing  frequent  overdistention. 

While  the  retention  which  originates  in  some  chronic 
lesion  of  the  spinal  cord  is  only  partial,  it  is  nevertheless 
characterized  by  a  large  volume  of  residual  urine — from 
five  to  twenty  ounces.  In  the  mild  cases  the  amount  of 
the  residual  urine  will  fluctuate  even  under  the  best  con- 
ditions, often  falling  to  two  ounces.     On  the  other  hand. 


*  In  these  cases  the  spasm  is  usually  of  short  duration,  and  it  is 
rarely  found  necessary  to  resort  to  the  use  of  the  catheter  in  order  to 
secure  relief  for  the  patient. 


the  amount  is  fairly  constant  in  the  more  advanced  cases, 
and  the  retention  is  associated  with  frequency,  or  with 
incontinence,  or  with  both.  James  Pedersen. 

MOUTH,  DISEASES  AND  INJURIES  OF— I.  Stoma- 
titis.— "This  word,  which  from  its  derivation  signifies  in- 
flammation of  the  mouth,  is  held  to  include  inflammatory 
affections  of  the  cavity  of  the  mouth  as  far  back  as  the 
soft  palate.  Any  abnormal  condition  of  an  inflammatory 
character  which  involves  the  gums,  the  tongue,  or  the 
inner  surface  of  the  cheeks,  is  included,  therefore,  under 
the  designation  of  stomatitis.  Experience  shows  that 
there  is  little  tendency  toward  limitation  to  any  one  of 
these  structures — usually  the  entire  cavity  of  the  mouth 
partakes  of  the  diseased  condition, 

"  The  affections  included  under  this  name  are,  in  great 
part,  limited  to  the  age  of  childhood.  Adults  are  never 
the  subjects  of  certain  forms  of  the  disease,  and  seldom 
suffer  from  any  variety  of  it,  save  as  part  of  some  other 
morbid  condition.  Not  infrequently,  however,  stoma- 
titis is  nothing  more  than  a  part  of  such  general  con- 
dition. Diphtheria  sometimes  involves  the  mouth  as  well 
as  the  tonsils,  pharynx,  and  palate;  inflammation,  with 
pustulation  in  the  mouth,  may  occur  in  smallpox,  va- 
rioloid, and  varicella ;  facial  erysipleas  often  presents  an 
inflamed  condition  of  the  mouth;  measles,  Rotheln,  and 
syphilis  are  accompanied  by  characteristic  mouth  affec- 
tions ;  and  many  drugs,  such  as  mercury  and  iodine,  in 
addition  to  the  mineral  and  other  stronger  acids,  produce 
an  abnormal  condition."  (From  former  edition  of  Ref- 
ERBNCB  Handbook.) 

It  must  be  remembered  that  in  children  there  is  a  ten- 
dency to  put  anything  and  everything — all  germ-laden — 
into  the  mouth;  hence  one  reason  why  stomatitis  is  so 
much  more  common  at  that  age.  The  troubles  incident 
to  the  period  of  dentition  have  also  a  causal  relation  to 
stomatitis. 

As  remedies  for  stomatitis  in  general,  the  following 
have  been  used.  As  mouth  washes,  in  the  form  of  solu- 
tions: Potassium  permanganate,  gr.  ij.  to  |  i. ;  potas- 
sium chlorate,  gr.  x.-xx.  to  |  i. ;  boric  acid,  saturated  so- 
lution; carbolic  acid,  one-per-cent.  solution;  hydrogen 
dioxide,  15  vols,  per  cent. ;  silver  nitrate,  gr.  x.-xx.  to 
§  i.  Also  the  solid  stick  of  silver  nitrate  may  be  em- 
ployed; and  potassium  chlorate  may  be  given  internally 
in  doses  of  gr.  v.-viij.  q.  4  h. ;  in  the  case  of  children, 
however,  the  latter  remedy  must  be  used  with  care. 
Tonics  of  iron,  quinine,  nux  vomica,  and  cod-liver  oil  are 
required.  The  diet  must  be  liquid,  either  warm  or  cold, 
and  must  be  generous  and  sufficient ;  chipped  ice  and 
iced  water  are  acceptable  to  the  patient.  The  mouth 
must  be  regularly  washed  or,  if  that  is  not  possible, 
sprayed.  If  the  gums  are  spongy,  they  should  be  painted 
with  tincture  of  myrrh. 

3.  Catakkhal  Stomatitis.  ^(iS^?io?)ym«.-  Acute  sto- 
matitis. Erythematous  stomatitis,  Pultaceous  stomatitis, 
Simple  stomatitis.  Superficial  stomatitis.) 

Etiology. — It  most  commonly  occurs  in  infants  and 
children,  but  it  is  also  found  in  adults.  The  most  com- 
mon cause  is  an  irritant  either  chemical  or  mechanical, 
such  as  overheated  or  too  highly  spiced  food,  acids,  alka- 
lies, very  hot  beverages,  broken  or  carious  teeth,  and  the 
excessive  use  of  tobacco  or  alcoholic  drinks.  In  the  case 
of  infants  irritation  caused  by  a  coral,  by  difficult  denti- 
tion, hj  a  poorly  developed  or  unclean  nipple,  or  by  a 
feeding  bottle  which  has  not  been  properly  cleansed,  may 
produce  stomatitis.  An  excess  of  sugar  or  starchy  food, 
and  also  exposure  to  cold,  are  causative  factors  in  some 
cases. 

Symptoms. — These  are  the  classical  symptoms  of  in- 
flammation :  redness,  first  in  patches,  later  more  general ; 
swelling,  chiefly  of  lips,  cheeks,  gums,  and  tongue,  the 
latter  often  showing  the  impression  of  the  teeth;  dis- 
ordered secretion — in  the  adult  the  mouth  is  at  first  dry, 
later  there  is  an  increased  flow  of  saliva  with  secretion  of 
considerable  mucus;  at  the  same  time  the  breath  is  fetid, 
and  in  children  there  is  dribbling  accompanied  with  con- 
siderable tenderness,  so  that  the  infant  refuses  to  nurse  or 
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to  allow  the  mouth  to  be  cleansed.  In  adults  the  pain  is 
as  a  rule  slight,  though  it  may  be  considerable,  and,  m 
conjunction  with  the  dryness  of  the  mouth  seen  in  the 
early  stages,  renders  mastication  difficult.  The  disorder 
usually  lasts  about  a  week.  In  this  form  of  stomatitis 
there  is  no  ulceration. 

Prognosis  is  good  in  acute  cases,  but  infants  are  liable 
to  suffer  from  inanition  owing  to  the  pain  experienced  in 
taking  food.  In  chronic  cases,  generally  due  to  alcohol 
or  tobacco,  the  offending  substance  must  be  withdrawn. 

Treatment  is  chiefly  hygienic;  whenever  possible  the 
causes  must  be  removed  and  strict  cleanliness  insisted 
upon.  In  mild  cases  mouth  washes  of  borax,  of  potas- 
sium chlorate,  or  of  sodium  bicarbonate  may  be  useful ;_  in 
the  severer  forms  silver  nitrate  in  one-per-cent.  solution 
should  be  applied.  At  the  same  time  general  treatment 
in  the  shape  of  tonics  and  salines  must  not  be  overlooked. 
In  infants  the  feeding  apparatus  must  be  kept  scrupu- 
ously  clean. 

3.  Croupous  or  Membkanous  Stomatitis  is  an  inflam- 
mation of  the  mouth  with  the  formation  of  a  false 
membrane  of  a  yellowish-white  or  grayish-white  color. 
The  disease  may  be  diphtheritic  or  it  may  be  due  to  gon- 
orrhoea or  syphilis;  it  is  also  caused  by  extremes  of  tem- 
perature (as  frost-bite)  and  by  chemical  irritants.  This 
form  of  stomatitis  is  much  the  same  as  diphtheria,  but 
without  the  Klebs-Loefiler  bacillus.  The  pseudo-mem- 
brane is  apt  to  ulcerate  and  become  detached  from  the 
subjacent  tissue  which  then  shows  marks  of  erosion. 

Treatment. — If  the  inflammation  is  due  to  diphtheria, 
give  antitoxin ;  in  most  other  cases  the  treatment  is  the 
same  as  in  other  forms  of  stomatitis,  and  consists  of  good 
food,  proper  hygiene,  antiseptic  and  astringent  mouth 
washes,  tonics,  and  stimulants. 

4.  Uloekativb  Stomatitis. — (Synonyms:  Fetid  stom- 
atitis, Phlegmonous  stomatitis,  Stomacace,  Putrid  sore 
mouth.  Phagedenic  gingivitis.) 

This  form  of  stomatitis  is  a  serious  condition  in  which 
there  is  a  superficial  necrosis  of  the  mucous  membrane  of 
the  mouth,  with  subsequent  ulceration. 

Etiology. — The  disease  is  probably  caused  by  a  micro- 
organism, though  none  has  as  yet  been  isolated.  It  is 
generally  found  in  children  between  the  ages  of  four  and 
fourteen ;  it  may  be  epidemic,  and  is  apt  to  accompany 
or  follow  improper  feeding,  infectious  diseases,  also  poi- 
soning by  mercury,  arsenic,  lead,  or  phosphorus.  Un- 
hygienic surroundings  and  any  local  irritations  are  potent 
factors  in  this  as  in  the  other  forms  of  stomatitis. 

Symptoms. — The  gums,  of  the  lower  jaw  chiefly,  are 
spongy,  painful,  swollen,  and  bleed  readily ;  later  on,  the 
cheeks  and  lips  become  affected.  The  gums  also  recede 
from  the  teeth,  which  become  loosened  and  may  fall 
out ;  ulcers  may  also  occur  round  the  sockets  of  the  teeth, 
and  a  purulent  fluid  forms  between  the  gums  and  the 
teeth,  as  well  as  between  the  teeth.  There  are  profuse 
salivation,  very  fetid  breath,  and  swelling  of  the  neigh- 
boring lymph  glands.  In  chronic  cases  the  periosteum  of  ■ 
the  lower  jaw  becomes  involved,  and  areas  of  necrosis 
ensue.  There  is  great  debility,  and  nausea  and  diarrhoea, 
caused  by  swallowing  the  profuse  fetid  saliva,  are  also 
apt  to  be  present. 

Treatment  is  on  the  same  lines  as  in  other  forms  of 
stomatitis.  On  account  of  the  disagreeable  odor  of  the 
breath  the  patient  should  be  isolated.  Mouth  washes  are 
required,  but  in  case  potassium  chlorate  is  used  care  must 
be  taken  that  no  untoward  results  occur,  particularly  in 
children.  Hydrogen  peroxide  or  dioxide  maljes  an  ad- 
mirable mouth  wash. 

5.  Bednar's  Aphtha,  also  called  Plaques  pterygoi- 
diennes,  or  a/phtlim  of  the  palate,  is  a  variety  of  ulcerative 
stomatitis.  It  is  sometimes  of  traumatic  origin,  being  due 
to  pressure.  It  occurs  generally  in  bottle-fed  children 
who  have  unhygienic  surroundings  and  are  badly  cared 
for,  and  is  caused  by  the  pressure  on  the  hard  palate  of 
an  artificial  nipple  or  of  the  nurse's  finger,  or  of  a  swab 
used  in  cleaning  the  child's  mouth.  But  in  breast-fed 
children  it  may  also  be  found ;  it  is  tlien  caused  by  the 
pressure  of  the  infant's  tongue  on  the  thin  mucous  mem- 


brane, during  the  act  of  nursing.  As  a  rule  the  affection 
is  of  a  mild  character,  and  is  found  on  the  hard  palate  near 
the  alveolar  process,  but  in  badly  neglected  cases  the 
ulceration  may  be  both  deep  and  extensive.  In  mild 
cases  no  special  treatment  is  required  beyond  the  removal 
of  the  cause ;  while  in  more  severe  cases  a  flve-per-cent. 
solution  of  silver  nitrate  should  be  applied. 

6.  Aphthous  Stomatitis. — {Synonyms:  Follicular 
stomatitis.  Vesicular  stomatitis.  Herpetic  stomatitis, 
Aphthse,  Canker.) 

In  this  form  of  stomatitis,  which  is  more  common  than 
the  catarrhal  variety,  the  mucous  membrane  of  the 
mouth  is  hyperasmic  and  is  characterized  by  grayish  or 
yellowish  vesicles  which  are  liable  to  ulcerate,  and  are 
chiefly  found  on  the  margin  and  f raenum  of  the  tongue, 
and  on  the  cheeks ;  also  on  the  inner  surface  of  the  lower 
lips,  near  the  junction  with  the  gums. 

Etiology. — It  is  probably  due  to  some  specific  germ, 
but  none  has  yet  been  isolated.  It  is  found  most  com- 
monly in  children,  and,  if  not  idiopathic,  is  due  to  im- 
proper food,  indigestion,  one  of  the  fevers,  lack  of  hy- 
giene and  general  uncleanliness  of  the  mouth. 

Symptoms. — The  child  is  fretful  on  account  of  the  pain; 
dull  and  feverish;  the  mouth  is  hot;  the  saliva  flows 
freely  and  may  irritate  or  excoriate  the  chin  and  neck. 
The  ulcers  described  above  are  surrounded  by  red  areolae 
and  bleed  readily  if  any  attempt  is  made  to  remove  the 
grayish-white  base.     The  process  lasts  about  a  week. 

Prognosis  is  good.  The  sores  may  be  treated  with  sil- 
ver nitrate;  local  washes  of  potassium  chlorate  or  potas- 
sium permanganate  should  be  used;  food,  tonics,  and 
stimulants  are  required. 

7.  Parasitic  Stomatitis.  —  {Synonyms :  Mycotic 
stomatitis,  Stomatomycosis,  Thrush,  Muguet,  Soor.) 

Thrush  is  one  form  of  parasitic  stomatitis,  but  it  is  the 
most  important  variety.  The  disease  is  due  to  a  vege- 
table parasite,  and  consists  of  white  flake-like  patches  on 
the  mucous  membrane  of  the  mouth  and  tongue.  These 
patches  consist  of  epithelium,  leucocytes,  and  the  spores 
and  filaments  of  a  fungus.  The  fungus  or  mould  has 
been  described  as  oi'dium  albicans,  saccharomyces  albi- 
cans, oldium  lactis,  mycoderma  vini,  and  monilia  Can- 
dida. The  fungus  displays  remarkable  polymorphism, 
having  a  great  tendency  to  spore  formation  in  a  solid 
medium,  and  to  filament  formation  in  a  liquid  medium. 
The  fungus  tends  to  grow  rapidly,  particularly  upon  an 
unclean  surface.  The  spores  lodge  between  the  epithe- 
lial cells ;  then  separating  the  different  layers  and  destroy- 
ing the  superficial  layer  they  penetrate  down  into  the 
connective  tissue.  The  disorder  is  apt  to  become  epi- 
demic in  institutions  where  there  are  many  children,  being 
transmitted  by  unclean  feeding  apparatus.  The  spots  or 
patches  look  like  curdled  milk,  but  are  covered  with  epi- 
thelium and  are  readily  removed  without  bleeding,  being 
thus  differentiated  from  aphthous  or  follicular  stomatitis. 

Etiology. — The  disorder  is  found  generally  in  child- 
hood, and  occurs  in  the  debilitated  or  uncleanly,  more  par- 
ticularly in  bottle-fed  infants.  It  is  apt  to  follow  ca- 
tarrhal stomatitis;  and  the  growth  of  the  fungus  is 
favored  by  mouth  breathing  and  by  the  restricted  move- 
ments of  the  tongue  which  are  necessitated  by  many 
forms  of  stomatitis. 

Symptoms. — The  symptoms  are  as  a  rule  slight  and 
much  like  those  of  catarrlial  stomatitis.  The  saliva  is 
acid  and  decreased  in  quantity ;  and  the  mouth  is  apt  to 
be  dry. 

Treatment,  as  in  other  forms  of  stomatitis,  consists  in 
absolute  cleanliness,  the  employment  of  mouth  washes  of 
an  antiseptic  character,  the  observance  of  a  proper  hy- 
giene, and  the  administration  of  good  food,  tonics,  and 
stimulants. 

8.  Gangrenous  Stomatitis.  —  {Synonyms :  Noma, 
Cancrum  oris.  Water  cancer.) 

This  is  an  uncommon  but  very  formidable  complaint, 
and  is  almost  invariably  found  in  young  children.  It  is 
favored  by  poor  hygienic  conditions,  lack  of  food,  and 
general  enfeebling  diseases.  It  may  follow  an  ordinary 
ulcerative  stomatitis,  but  the  two  conditions  are  very 
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different.  Probably  some  micro-organism  is  tlie  cause  of 
the  disease,  but  so  tar  it  has  not  been  isolated.  Cancrum 
oris  must  not  be  interpreted  as  an  ordinary  gangrene  of 
a  local  character,  for  the  blood  supply  of  "the  face  is  far 
■  too  good  to  allow  of  such  a  supposition.  Characteristics 
of  this  disease  are:  (1)  that  it  begins  on  the  inside  of  the 
cheek;  (3)  that  it  is  almost  always  unilateral,  though 
cases  have  been  reported  in  wliicli  both  cheeks  were  at- 
tacked ;  (3)  that  it  perforates  the  whole  thickness  of  the 
cheek;  and  (4)  that  it  is  rapidly  fatal.  At  first  there  will 
be  observed  a  small  red  swelling  on  the  inside  of  the  cheek, 
often  opposite  the  opening  of  Stenson's  duct.  This  small 
swelling  gives  place  to  a  large,  rapidly  growing  ulcera- 
tion and  is  followed  by  gangrene.  The  destructive  proc- 
ess begins  from  within  and  works  outward.  The  whole 
thickness  of  the  cheek  is  soon  involved;  it  becomes 
brawny,  and  the  outside  is  red  and  glazed ;  perforation 
soon  occurs.  The  breath  is  fetid,  the  teeth  fall  out,  the 
jaw  becomes  necrosed,  and  the  whole  process  is  marked 
by  the  extraordinary  rapidity  with  which  it  advances,  a 
rapidity  so  great  that  in  from  one  to  two  weeks  the  pa- 
tient dies  either  from  exhaustion  or  from  pyremia.  "  The 
intelligence  remains  generally  undisturbed,  and  the  little 
patients  do  not  seem  to  be  greatly  alarmed,  but  rather 
apathetic.  The  temperature  and  respiration  become  in- 
fluenced principally  because  of,  and  in  proportion  to, 
the  inflammation  of  the  lungs,  which  is  frequently  a  pre- 
cedent and  concomitant  condition.  This  associated  pul- 
monary inflammation  is,  however,  never  of  the  sthenic 
type  of  simple  acute  lobar  pneumonia."  (From  former 
edition  of  Repekencb  Handbook.)  "Diagnosis  in  the 
later  stage  is  rendered  unmistakable  by  the  ulcer,  nod- 
ule, slough,  and  perforation.  The  early  stage  is  to  be 
distinguished  from  malignant  pustule  (anthrax).  The 
latter  begins  as  a  pustule  upon  the  outside  of  the  cheek, 
often  at  the  site  of  an  abrasion ;  it  is  far  more  common  in 
adults,  and  the  anthrax  bacillus  is  discoverable  in  the 
pustule  and  blood."  (Thompson's  "  Practical  Medicine. ") 
There  is  very  little  pain,  but  much  prostration,  and  gen- 
erally there  are  nausea  and  diarrhoea. 

The  prognosis  is  t)ad ;  different  writers  place  the  death 
rate  at  between  eighty  and  ninety-flve  per  cent. 

Treatment  to  be  of  any  use  must  be  vigorous  and  early. 
Free  extirpation  or  the  application  of  the  cautery  should 
be  early  resorted  to ;  there  should  be  frequent  applica- 
tions of  hydrogen  dioxide,  and  tonics  and  nourish- 
ing food  should  be  administered  every  two  or  three 
hours. 

9.  Mercukial  Stomatitis.  —  {Synonym :  Mercurial 
ptyalism.) 

This  is  an  inflammation  of  the  mucous  membrane  of 
the  mouth  and  gums,  due  to  the  use  of  mercury ;  it  is 
rarely  found  in  syphilitics. 

iSympiotns.— The  patient  complains  of  a  metallic  taste, 
tenderness  of  the  gumswliich  are  also  unusually  red,  and 
increased  flow  of  saliva ;  the  tongue  becomes  swollen  and 
there  is  difficulty  in  both  mastication  and  deglutition. 
The  salivation  is  apt  to  be  extreme ;  and  the  odor  of  the 
breath  is  most  offensive. 

Ti-eatment.— Those  working  in  mercury  should  cleanse 
both  mouth  and  teeth  frequently;  and  those  taking  the 
'drug  should  at  once  discontinue  its  use.  The  best  reme- 
dies are  salines,  alkaline  drinks,  and  atropine  to  arrest  the 
flow  of  saliva.  During  convalescence  tonics  will  be  re- 
quired. 

10  Ptyalism,  or  Salivation,  and  Xekostomia  have 
been  described  in  Vol.  VII.  of  the  Reference  Hand- 
book, under  the  heading  Salimry  Glands,  Diseases  of;  it 
only  remains  here  to  outline  the  treatment  of  the  former 
condition.  When  ptyalism  is  produced  by  the  adminis- 
tration of  mercury,  as  is  (or  was)  generally  the  case,  the 
use  of  that  drug  should  be  discontinued,  the  mouth 
should  be  washed  with  astringent  lotions  such  as  alum  or 
potassium  chlorate,  and  potassium  iodide  should  be  given 
internally.  Mercurial  salivation  can  often  be  prevented 
or  diminished  by  devoting  proper  care  and  attention  to 
the  condition  of  the  patient's  mouth  and  teeth ;  it  has 
been  asserted  that  the  administration  of  small  doses  of 


potassium  chlorate  in  conjunction  with  the  mercuiy  will 
also  lessen  the  likelihood  of  salivation.  In  ptyalism  from 
other  causes  the  tincture  of  belladonna  has  been  recom- 
mended in  doses  of  lU  x.  t.i.d. 

11.  Angina  Ludovici,  or  Ludwig's angina,  is  the  name 
given  to  an  infective  inflammation  of  the  floor  of  the 
mouth,  and  of  the  cellular  tissue  beneath  the  deep  cervi- 
cal fascia.  Ifr  generally  begins  in  the  submaxillary 
glands,  and  is  due  to  an  infection  with  one  or  more  varie- 
ties of  the  pus-producing  bacteria — probably  the  strepto- 
coccus pyogenes — and  is  accompanied  by  much  swelling 
and  infiltration  of  the  mouth,  tongue,  throat,  and  neck. 
There  are  severe  pain  and  dyspno3a,  the  latter  being 
often  caused  by  oedema  of  the  glottis.  The  patient  finds 
great  difficulty  in  opening  his  mouth,  in  talking,  and  in 
masticating  and  swallowing  his  food.  Sloughing  of  the 
soft  parts  is  apt  to  ensue  and  is  called  cynanehe  gan- 
grmnosa. 

Prognosis  is  not  good. 

Treatment  consists  in  the  employment  of  antiseptic 
measures  and  in  making  a  prompt  and  free  incision  into 
the  involved  tissue,  generally  in  the  median  line.  Tra- 
cheotomy may  be  demanded  for  a?dema  of  the  glottis. 
Tonics  and  nourishing  food  are  indicated.  (See  also  Vol. 
VI.,  p.  593.) 

13.  PerlJiche  is  a  contagious  disorder  consisting  of 
fissures  at  the  angles  of  the  mouth.  The  trouble  is  found 
chieflj^  in  children,  and  is  very  painful.  It  is  probably 
caused  by  a  micro-organism;  Le  Maistre  reporting  a 
streptococcus,  and  Raymond  a  variety  of  staphylococcus 
in  connection  with  this  disorder.  It  lasts  for  from  ten  to 
twenty  days,  and  is  bilateral,  beginning  at  the  angles  of 
the  mouth,  and  spreading  along  the  border  of  the  lips. 
The  lips  swell  and  are  painful,  and  are  apt  to  ulcerate. 
The  skin  around  the  mouth  is  not  often  attac-ked,  but  the 
mucous  membrane  is  involved  and  the  epithelium  becomes 
white  and  sodden  and  is  then  desquamated.  Pain  and 
itching  are  present,  and  the  child  licks  the  parts  to  re- 
lieve the  pain  and  burning;  hence  the  name,  from  the 
French  perlecher  (=  to  lick).  The  disease  is  spread  by 
drinking-vessels.  Treatment  consists  in  cleanliness  and 
the  use  of  astringent  lotions  of  alum,  copper  sulphate,  or 
even  nitrate  of  silver.  A  dusting  powder  of  bismuth 
subnitrate  may  be  used ;  and,  as  a  prophylactic  measure, 
children  should  have  their  own  cups  to  drink  out  of. 

13.  Riga's  Disease  occurs  as  a  gray  ulcer  with  an 
irregular  border  situated  under  the  tongue,  near  the  frse- 
num.  It  appears  about  the  period  of  first  dentition,  and 
lasts  for  a  variable  period,  usually  about  a  year.  It  has 
been  found  almost  epidemic,  certainly  endemic,  in  South- 
ern Italy.  Its  origin  is  most  likely  traumatic.  The 
treatment  is  that  of  catarrhal  stomatitis. 

14.  Salivaicy  Calculus  may  occur  in  the  excretory 
duct  of  any  of  the  salivary  glands,  but  is  most  frequently 
found  in  Wharton's  duct.  It  consists  of  phosphate  and 
carbonate  of  calcium  together  with  sodium  chloride  and 
magnesium.  After  such  a  concretion  is  formed,  it  may 
either  remain  in  the  gland,  or  be  discharged  through  the 
duct,  or  it  may  obstruct  the  duct.  In  the  two  former  con- 
ditions it  gives  no  trouble,  but  in  the  last  case  it  gives 
rise  to  pain  and  swelling  of  the  gland  with  which  it  is 
connected;  the  swelling  is  always  increased  on  taking 
food.  Careful  palpation  along  the  course  of  the  duct 
will  help  in  making  a  diagnosis;  and,  except  in  mumps, 
pain  and  swelling  in  a  salivary  gland  should  always  sug- 
gest salivary  calculus. 

Treatment  consists  in  making  an  incision  into  the  duct, 
either  in  the  distended  portion  only,  or  in  its  whole  length 
from  the  outlet  to  the  obstruction.  If  left  untreated  the 
duct  may  burst,  with  formation  of  a  salivary  fistula. 

15.  Salivary  Fistula  is  an  abnormal  opening  of  the 
duct  of  a  salivary  gland,  and  may  be  either  internal  or 
external,  according  as  it  opens  on  the  inside  of  the  mouth 
or  on  the  outer  surface  of  the  cheek.  Such  a  fistula  is 
due  to  wounds  of  the  duct,  or  to  a  rupture  of  the  duct 
from  suppuration  or  calculi.  The  parotid  gland  is  the  one 
most  commonly  affected.  Internal  salivary  fistula  is  of 
comparativel}'  little  consequence,  as  the  saliva  flows  into 
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the  mouth.     But  in  external  fistula  the  flow  of  saliva  on 
the  cheek  causes  considerable  discomfort. 

Treatment.— li  a  calculus  is  present  it  must  be  removed. 
Then  find  the  internal  opening  of  the  duct,  and  see  if  it 
is  patent ;  if  it  is  not  patent,  an  artificial  internal  fistula 
must  be  made ;  and  tlie  edges  of  the  external  fistula  can 
be  touched  with,  a  cautery  or  pared,  and  closed  with  a 
twisted  suture.  • 

16.  Tongue-tie  is  practically  a  congenital  shortening 
of  the  franum  linguas.  The  tongue  cannot  be  protruded 
beyond  the  teeth ;  and  suction  and,  later,  articulation  are 
interfered  with.  The  proper  treatment  is  division  of  the 
fraenum,  generally  on  the  notched  shield  which  forms  the 
handle  of  a  grooved  director.  Care  must  be  taken  to 
avoid  wounding  the  ranine  arteries.  Blunt-pointed  scis- 
sors should  be  used,  and  the  points  directed  toward  the 
floor  of  the  mouth  and  away  from  the  under  surface  of 
the  tongue.  Often  the  frseuum  is  simply  nicked  with  the 
scissors  and  the  operation  completed  with  the  finger  nail. 

17.  Pyorehcba  Alveolahis,  or  Rigg's  disease.  In 
this  condition  there  is  found  a  shrinkage  of  the  gums  and 
alveolar  border,  together  with  separation  of  the  gums 
from  the  teeth,  which  become  loosened  and  may  fall  out. 
It  is  due  to  an  inflammatory  condition  of  the  gums  com- 
bined with  bacterial  infection  and  an  excess  of  tartar. 
General  cleanliness  is  Indicated,  with  removal  of  the  tar- 
tar ;  antiseptic  and  astringent  mouth  washes  and  general 
tonics  should  also  be  prescribed.  Treatment  may  have 
to  be  continued  for  a  long  time  as  the  condition  is  often 
intractable ;  and  the  patient  may  expect  to  lose  some  of 
his  teeth. 

18.  Alveolae  Abscess  is  the  result  of  inflammation 
and,  suppuration  in  connection  with  tlie  fang  of  a  carious 
tooth.  It  may  occur  in  either  jaw.  Pus  forms  in  the 
socket  of  the  tooth  and  either  finds  its  way  out  by  the 
side  of  the  tooth  or  through  the  gums,  in  which  latter 
case  it  is  called  a  gumboil  or  parulis;  occasionally  it 
strips  the  periosteum  from  the  bone  and  forms  an  abscess 
of  large  size,  and  may  even  produce  necrosis  of  the  jaw. 
The  first  indications  of  the  trouble  are  pain  and  a  feeling 
as  if  the  tootli  were  a  little  longer  than  normal.  If  the  ab- 
scess is  allowed  to  remain,  there  may  be  severe  constitu- 
tional symptoms.  Incision  is  indicated,  and  if  it  be  delayed 
the  tooth  becomes  loosened  and  exfoliation  of  the  peri- 
osteum with  necrosis  may  occur.  In  the  upper  jaw  pus 
from  a  neglected  alveolar  abscess  may  burrow  into  the 
antrum  of  Highmore  and  set  up  suppuration  there,  or  it 
may  discharge  by  way  of  the  nose.  In  the  lower  jaw  the 
pus  may  travel  downward  and  point  and  burst  in  the 
neck. 

Treatment  consists  in  disinfection  of  tlie  mouth,  incision 
of  the  gum,  and  extraction  of  the  tooth.  As  a  prophy- 
lactic, children  should  be  taught  to  use  a  tooth-brush, 
and  their  teeth  should  be  regularly  attended  to  by  a  com- 
petent dentist. 

19.  Epulis.— This  term  is  applied  to  a  tumor  growing 
from  the  fibrous  tissue  of  tlie  gum  or  from  the  alveolar 
periosteum.  The  name  is  derived  from  knl  aud  rb^ovlov, 
and  means  literally  a  tumor  situated  "on  the  gum." 
There  are  two  varieties :  the  simple  or  fibromatous,  and  the 
malignant  or  myeloid.  They  generally  attack  the  lower 
jaw. 

Simple  or  fibromatous  epulis  appears  as  a  rounded, 
smooth  mass,  sometimes  lobulated  or  sessile ;  it  is  firm  or 
elastic  to  the  touch,  and  of  a  color  varying  from  pinkish 
to  deep  red.  It  is  generally  due  to  carious  teeth  aud  is 
more  apt  to  be  formed  on  the  outer  border  of  the  gums, 
though  it  may  appear  between  two  teeth,  causing  more 
or  less  displacement,  and  also  on  the  inner  surface  of  the 
gum.  It  is  covered  with  epithelium,  and  may  contain 
a  few  spicules  of  bone  derived  from  the  maxilla.  The 
presence  of  the  latter  is  much  more  common  in  the  malig- 
nant or  myeloid  variety. 

Treatment  consists  in  the  free  removal  of  the  tumor 
together  with  any  teeth,  stumps,  or  bone  that  may  ap- 
pear to  have  some  causal  relation  to  the  growth.  It  is 
well,  therefore,  to  extract  a  tooth  on  eat:li  side  of  the 
epulis,  to  cut  through  the  whole  thickness  of  each  al- 
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veolus  vertically  with  a  small  saw,  and  then  finally  to 
join  these  Incisions  at  their  lower  ends  by  a  horizontal  in- 
cision made  with  a  chisel.  Thus  the  continuity  of  the 
jaw  will  remain  notwithstanding  the  fact  that  a  quad- 
rangular piece  of  bone  has  been  removed. 

Malignant  or  Myeloid  Epulis. — This  is  really  a  myeloid 
sarcoma  and  springs  from  the  alveolar  process.  The 
chief  distinction  between  these  two  varieties  is  pathologi- 
cal ;  the  clinical  picture  being  much  the  same  as  in  the 
simple  variety,  except  that  the  mucous  membrane  cover- 
ing the  tumor  is  more  apt  to  ulcerate,  and  there  is  always 
a  connection  with  the  underlying  bone.  The  treatment, 
too,  is  the  same,  only  the  malignant  variety  sometimes 
requires  very  energetic  and  radical  treatment. 

20.  Wounds  and  Injukies  of  the  Mouth  have,  for 
the  most  part,  the  same  features  as  are  presented  in 
wounds  and  injuries  elsewhere.  The  blood  supply  of  the 
mouth  being  particularly  abundant,  there  is  apt  to  be 
profuse  hemorrhage,  but  this  same  abundant  blood  sup- 
ply causes  the  processes  of  repair  and  healing  to  be  very 
rapid.  Hemorrhage  from  the  mouth  is  due  to  wounds, 
injuries,  purpura,  biting  the  tongue,  plethora,  scurvy, 
and  the  hemorrhagic  diathesis ;  it  is  best  controlled  by  the 
application  of  cold  or  pressure.  In  slight  cuts  of  the 
lips  a  little  cotton  soaked  in  collodium  makes'  a  good 
protective  and  also  stops  the  bleeding.  In  wounds  of 
the  mouth  we  must  remember  that  the  buccal  cavity 
always  contains  bacteria  capable  of  producing  infection, 
and  therefore  asepsis  is  not  attainable;  but  antiseptic 
mouth  washes  should  be  used  as  frequently  as  possible. 

31.  Burns  and  Scalds  of  the  Mouth. — These  are 
generally  caused  bj'  accident,  and  are  due  to  hot  liquids  in- 
troduced into  the  mouth,  to  chemicals  (acids  and  alkalies), 
or  to  inhalation  of  hot  air  or  steam.  They  are  most  com- 
monly met  with  in  children,  owing  to  their  greater  lia- 
bility to  drink  out  of  the  spout  of  a  kettle  or  teapot. 
Adults  are  more  likely  to  suffer  in  explosions,  under 
which  circumstances  they  may  inhale  steam  or  ignited 
gas.  The  inside  of  the  mouth  and  pharynx  are  involved, 
and  oedema  of  the  glottis  is  a  probable  complication.  The 
symptoms  are  intense  burning  pain,  dyspnoea,  suffocat- 
ing cough;  the  lips  and  mucous  membrane  of  the  mouth 
are  either  white,  sodden,  puffy,  and  blistered,  or  the 
mouth  may  escape  and  show  litile  or  nothing  of  the  hurt. 
In  this  latter  event  the  glottis  may  be  scalded,  when  the 
edges  of  the  epiglottis  will  be  scorched  and  the  larynx 
also  involved. 

Treatment  is  the  same  as  that  for  burns  in  other  parts 
of  the  body:  (1)  consiittitional,  to  combat  shock  and  to 
keep  up  the  patient's  strength;  and  (2)  local,  in  the  form 
of  mild  antiseptic  mouth  washes  and  cool  mucilaginous 
drinks.  For  oedema  of  the  glottis  tracheotomy  may  be 
required.  There  may  be  cicatricial  contractions  resulting 
in  great  deformity,  and,  for  the  relief  of  this  deformity, 
extensive  plastic  operations  are  often  performed. 

22.  Erroes  of  Development. — The  chief  of  these  are 
harelip  and  cleft  palate,  both  of  which  are  considered  in 
other  parts  of  the  Reference  Handbook.  Among 
the  other  defects,  of  which  mention  may  be  made  here, 
are  the  following : 

Astomia,  or  absence  of  the  mouth ;  this,  of  course,  is  in- 
compatible with  life. 

Atresia  m~is  differs  from  the  above  in  that  there  is  a 
buccal  cavity,  but  no  external  opening.  This  defect  is 
generally  combined  with  other  errors  of  development. 
The  line  of  the  closure  is  more  or  less  apparent,  and  the 
membrane  may  be  thin  or  tough  aud  dense.  As  in  simi- 
lar conditions  elsewhere  incision  ig  required,  but  care 
must  be  taken  lest  the  freshened  edges  grow  together 
again. 

Microstomia,  or  congenitally  small  mouth,  is  a  milder 
form  of  atresia  oris,  and  is  due  to  the  fact  that  the  parts 
that  form  the  lips  have  fused  to  a  greater  extent  than 
normal,  thus  causing  stenosis  of  the  buccal  orifice.  The 
mouth  may  be  so  small  that  the  infant  cannot  nurse.  In 
such  a  case  it  must  be  enlarged  suftlciently  and  the  mu- 
cous and  cutaneous  borders  stitched  together. 

Macrostomia,  or   congenitally  large   mouth,   is   gene- 
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rally  unilateral,  and  is  said  to  occur  more  frequently  in 
females.  It  is  found  in  connection  with  other  develop- 
mental errors,  and  is  usually  due  to  the  non-union  of  the 
mandibular  and  maxillary  processes,  or  to  the  persistence 
of  the  lachrymal  fissure.  The  treatment  consists  in  par- 
ing and  uniting  the  edges  of  the  cleft  sufficiently  to  re- 
duce the  mouth  to  normal  dimensions. 

jB.  J.  E.  Scott. 

In  preparing  this  article  use  has  been  made  of  the  following :  The 
former  edition  ot  the  Eeference  Handbook;  Zlemssen's 
"Cyclopsedia";  Eeynolds'  "System  of  Medicine";  Pepper's  " Sys- 
tem of  Medicine";  AUbutt's  "System  ot  Medicine";  Keatlrg's 
"  Cyciopsedia  of  the  Diseases  of  Children  " ;  Thompson's  "  Practical 
Medicine." 

MULTIPLE  (CEREBRO-SPINAL)  SCLEROSIS.— (Syn- 
onyms ;  Disseminated  sclerosis ;  Insular  sclerosis. ) 

JDefinition. — This  disease  may  present  manifold 
symptoms,  the  most  common  of  which  are  paresis,  with 
muscular  rigidity  and  exaggerated  tendon  reflexes  as  in 
spastic  paralysis,  tremor  brought  on  by  voluntary  move- 
ments, nystagmus,  scanning  speech,  amblyopia,  apoplec- 
tiform attacks,  and  impaired  intellect.  The  anatomical 
basis  of  the  disease  consists  of  disseminated  patches  of 
sclerosed  tissue  in  various  parts  of  the  central  and  per- 
ipheral nervous  systems. 

Etiology. — An  hereditary  influence  has  been  traced  in 
a  few  instances.  Charcot  states  that  the  disease  occurs 
most  frequently  in  females,  but  a  number  of  otlier  ob- 
servers do  not  concur  with  liim  in  this  view.  It  occurs 
most  frequently  between  the  ages  of  fifteen  and  thirty ; 
occasionally  in  young  children;  rarely,  if  at  all,  after 
forty. 

Traumatic  influences,  such  as  blows  on  the  head,  con- 
cussion of  the  whole  body,  exposure,  hardship,  over- 
work, and  profound  emotional  disturbance,  may  all  be 
mentioned  as  occasional  exciting  causes.  In  a  number 
of  instances  the  disease  developed  after  the  existence  of 
an  acute  disease,  typhoid  fever,  variola,  etc. 

Symptoms.  —The  area  of  diseased  tissue  may  be  located 
in  any  part  of  the  nervous  system  and  tliere  may  be  quite 
a  number  of  affected  areas.  Furthermore,  the  disease 
may  be  of  various  degrees  of  severity,  and  the  symptoms, 
which  are  but  the  expression  of  the  locality  and  intensity 
of  the  disease,  may  make  the  most  varied  clinical  pictures. 
There  may  be  an  entire  absence  of  symptoms  of  disease 
of  the  nervous  system,  although  nodules  of  sclerosed 
nerve  tissue  are  found  post  mortem ;  or  the  disease  may 
simulate  various  different  organic  or  functional  nervous 
diseases.  But,  nevertheless,  the  sclerosis  seems  to  have 
a  predilection  for  certain  parts  of  the  nervous  system, 
and  we  find,  accordingly,  in  many  cases  similar,  and  al- 
most characteristic,  clinical  manifestations. 

A  cerebral  and  a  spinal  form  of  multiple  sclerosis  are 
sometimes  spoken  of,  but  usually  both  brain  and  cord 
become  involved  in  the  disease,  thougli  it  may  Iiave  been 
present  in  the  one  some  time  before  it  developed  in  the 
other.     Generally  the  spinal  cord  is  first  affected. 

The  disease  usually  begins  very  insidiously  and  is  slow 
in  its  progress ;  in  rare  instances  it  has  an  abrupt  begin- 
ning, perhaps  is  ushered  in  by  an  apoplectiform  attack. 
The  earliest  symptoms  may  be  of  cerebral  origin,  such 
as  headache,  vertigo,  ataxic  gait,  and  slight  psychic  dis- 
turbances ;  or  there  may  be  a  sliglit  tremor  in  one  or  both 
hands ;  but  more  frequently  tlie  symptoms  are  those  of 
spastic  paralysis. 

At  first  there  is  weakness  of  one  leg,  then  of  both,  at- 
tended by  some  difliculty  in  walking.  Gradually,  with 
increasing  paresis  of  the  limbs,  there, appear  muscular 
rigidity,  especially  brought  on  by  active  or  passive  move- 
ments, exaggerated  tendon  reflexes,  spastic  gait,  and, 
finally,  rigid  contractures  of  the  limbs.  The  paresis, 
and,  to  a  less  extent,  the  muscular  rigidity,  etc.,  at  a  later 
period  affect  the  upper  extremities,  and  to  these  is  sub- 
sequently added  another  motor  symptom— one  of  the 
most  prominent  and  characteristic  of  this  disease— the 
so-called  intention  tremor,  i.e.,  tremor  during  the  per- 
formance of  a  voluntary  act.     Before  it  is  otherwise 


noticeable,  it  may  be  observed  in  the  handwriting  or 
other  delicate  movements  of  the  fingers,  especially  if  the 
act  is  slowly  performed.  The  writing,  if  carefully  ob- 
served, will  be  seen  to  be  full  of  small  indentations  which 
occur  with  great  regularity,  indicating  that  the  tremor  is 
rhythmical.  When  the  tremor  is  well  marked  any  vol- 
untary movement  will  cause  it  to  appear,  and  it  may  be 
seen  to  some  extent  during  rest.  A  common  method  of 
eliciting  the  symptom  is  to  ask  the  patient  to  put  a  glass 
of  water  to  his  lips.  The  tremor  increases  and  the  oscil- 
lations of  the  hand  are  greater  as  the  latter  approaches 
the  mouth.  The  trembling  may  become  so  violent  that 
all  the  water  is  thrown  out  of  the  glass.  When  the  pa- 
tient is  sitting  quietly  either  there  is  no  tremor,  or  slight 
movements  of  the  head  and  trunk  may  be  observed.  If 
he  now  perform  a  voluntary  act,  as  lifting  an  arm,  the 
tremor  in  the  head  and  trunk  increases  at  the  same  time 
that  there  is  tremor  of  the  acting  member.  When  he  at- 
tempts to  walk  there  may  be  such  violent  tremor  of  the 
limbs  and  trunk  as  to  make  walking,  or  even  standing, 
almost  impossible.  On  the  other  hand,  when  the  patient 
lies  down  and  every  part  is  well  supported  no  tremor 
appears.  None  is  observed  during  sleep.  It  is  increased 
.  by  emotional  excitement. 

All  the  vohintary  muscles  may  be  thus  affected,  the 
head  as  well  as  the  trunk  and  limbs.  Tremor  in  the  face 
is  less  commonly  seen,  though  there  may  be  irregular 
movements,  choreic  in  character. 

The  distinctive  features  of  the  tremor  are  that  it  is 
rhythmical,  and  that  it  occurs  only  with  muscular  efforts. 
A  very  few  cases  have  been  reported  in  which  it  con- 
tinued even  in  rest,  but  such  cases  are  exceedingly  rare. 
The  tremor  is  not  found  in  all  cases.  It  probably 
depends  on  the  locality  of  the  disease.  It  also  disappears 
in  any  part  when  the  latter  has  become  completely  para- 
lyzed. 

The  tremor  can  usually  be  easily  distinguished  from 
that  of  other  diseases.  In  paralysis  agitans,  in  the  be- 
ginning (and  it  is  only  then  that  the  two  diseases  could 
easily  be  confounded),  only  a  few  fingers  are  affected, 
and  the  oscillations  are  fine  and  very  rapid.  At  the  same 
time  the  tremor  has  somewhat  the  character  of  coordi- 
nated movements.  Thus  the  movement  of  the  thumb 
upon  the  fingers  has  been  likened  to  tliat  of  counting 
money,  rolling  pills,  etc.  The  tremor  of  multiple  scle- 
rosis is  large  and  coarse,  witlr  no  appearance  of  coordi- 
nated action.  In  paralysis  agitans,  furtliermore,  the 
tremor  is,  to  some  extent,  controlled  by  voluntary  move- 
ment, and  increases  with  rest,  and  the  head  is  very  rare- 
ly affected.  When  the  tremor  is  violent  it  may  have  the 
appearance  of  the  movements  of  chorea.  But  the  latter 
occur  during  repose  as  well  as  during  volitional  acts, 
and  they  cause  an  intended  movement  to  be  made  very 
irregularly;  on  the  other  hand,  in  multiple  sclerosis  the 
general  direction  of  any  movement  is  maintained,  but  the 
line  of  movement  is  an  undulating  one,  the  undulations 
playing  equally  up  and  down  along  the  central  line  of 
direction. 

The  next  two  symptoms  seem  to  be  similar  in  character 
to  the  tremor.  Tlie  first  is  nystagmus,  a  very  common 
symptom,  and  of  value  in  diagnosis.  When  not  other- 
wise noticeable,  it  may  be  made  manifest  by  movements 
of  the  eyes,  strong  convergence,  or  forced  movements  in 
some  direction.  The  other  symptom  is  scanning  speech. 
Other  changes  of  speech  are  sometimes  present,  but  this 
is  the  most  common  and  most  characteristic,  and,  there- 
fore, of  high  diagnostic  value.  The  speech  is  slow  and 
dragging,  each  syllable  being  pronounced  separately  as 
in  the  slow  scanning  of  verse,  and,  therefore,  termed 
scanning  speech.  If  the  patient  attempts  to  speak  more 
rapidly,  his  words  are  likely  to  be  so  jumbled  together 
as  not  to  be  at  all  understood.  The  voice  is  monotonous 
to  the  highest  degree.  There  is  often  tremor  of  the  lips 
at  the  same  time,  and,  on  laryngoscopic  examination, 
there  has  been  found  to  be  diminished  tension  of  the  vocal 
cords.  ' 

Other  ocular  symptoms  besides  nystagmus  are  fre- 
quently found.     Double  vision,  due  to  paralysis  of  some 


683' 


of  tlie  external  muscles  of  the  eye,  occurs,  just  as  in 
locomotor  ataxia,  either  as  a  transient  symptom  at  an 
early  period  of  the  disease,  or  as  a  permanent  condition 
at  a  later  stage.  Amblyopia  is  also  a  common  symptom. 
Generally  there  is  only  impaired  vision,  not  complete 
blindness.  The  ophthalmoscope  reveals,  in  these  cases, 
a  discoloration  of  the  discs,  due  to  a  degree  of  atrophy  of 
the  optic  nerves. 

Headache  and  vertigo  are  often  present,  both  in  the 
early  and  in  the  later  stages  of  the  disease.  The  vertigo 
often  occurs  in  paroxysms.  Occasionally  it  is  due  to  the 
double  vision,  but  more  frequently  it  is  quite  indepen- 
dent of  the  latter  condition. 

The  mental  symptoms  often  play  an  important  role. 
Sight  psychic  symptoms  may  be  manifested  in  the  be- 
ginning of  the  disease  if  the  latter  first  affects  the 
brain,  but  the  graver  symptoms  are,  usually,  late  mani- 
festations. Change  in  disposition,  irritability,  loss  of 
self-control,  a  tendency  to  laughing  and  crying,  are  com- 
mon conditions.  A  certain  impairment  of  intellect — 
weakened  memory,  a  degree  of  apathy,  etc. — is  also  not 
uncommon.  But  a  high  degree  of  dementia  is  rare.  It 
is  likely  to  occur  only  when  the  disease  begins  at  an  early 
age  and  there  is  arrested  development  of  the  brain,  or 
when  the  pathological  process  is  very  acute.  Different 
forms  of  insanity  are  sometimes  observed,  most  frequent- 
ly melancholia,  occasionally  delusional  insanity. 

Apoplectiform  seizures,  like  those  seen  in  general  pa- 
ralysis, are  important  symptoms.  They  occur,  according 
to  Charcot,  in  one-fifth  of  all  cases.  After  slight  pro- 
dromal symptoms,  headaches,  etc.,  coma  develops  within 
a  few  hours,  the  temperature  rapidly  rises,  often  reaching 
104°  or  105°  F.,  and  at  the  same  time  the  face  is  flushed 
and  the  pulse  rapid.  Hemiplegia,  with  flaccidity  of  the 
paralyzed  muscles,  is  soon  observed.  Within  a  day  or 
two  consciousness  returns,  the  temperature  falls,  and, 
within  a  comparatively^  brief  period,  the  paralysis  disap- 
pears. Such  attacks  may  occur  every  few  months,  or 
very  rarely.  They  usually  leave  the  patient  in  a  perma- 
nently worse  condition,  thus  marking  the  progress  of  the 
disease.  Sometimes  the  patient  dies  in  the  attack. 
These  seizures  are  very  much  like  those  of  apoplexy,  but 
post-mortem  examinations  reveal  no  anatomical  basis  for 
them. 

In  the  foregoing  have  been  given  the  most  common 
symptoms  of  multiple  sclerosis,  those  found  in  the  major- 
ity of  cases.  But,  on  account  of  the  distribution  of  the 
diseased  areas,  various  other  symptoms  may  be  mani- 
fested. Thus  the  disease  may  attack  the  posterior  col- 
umns of  the  cord,  and  ataxia,  pain,  auEesthesia,  pares- 
thesia, etc.,  will  be  present;  or  it  may  involve  the  gray 
matter,  when  atrophy  and  paralysis  of  muscles  will 
ensue.  Or  the  disease  may  involve  the  whole  thickness 
of  the  cord  and  produce  the  symptoms  of  transverse 
myelitis.  When  the  posterior  as  well  as  the  antero-lat- 
eral  columns  are  aflected,  many  of  the  appearances  of 
spastic  paralysis  are  likely  to  be  absent,  especially  the 
exaggerated  tendon  reflexes.  Symptoms  referable  to  the 
bladder  and  to  the  rectal  and  genital  functions  are  also 
likely  to  appear.  If  the  disease  involve  the  nuclei  of  the 
facial,  hypoglossal,  and  pneumogastric  nerves,  the  ordi- 
nary symptoms  of  labio-glosso-laryngeal  paralysis  will 
be  manifested,  and  various  local  cerebral  symptoms  may 
appear,  according  to  the  location  of  the  foci  of  disease. 

The  course  of  the  disease  is  a  very  chronic  one.  Char- 
cot has  divided  it  into  three  stages— a  division  applicable 
to  those  cases  which  present  the  common  clinical  picture. 

The  first  stage  is  from  the  beginning  of  the  disease  to 
the  period  of  complete  disability  from  paralysis  and  con- 
tractures of  the  limbs.  This  stage  may  last  for  from  two 
to  six  years  or  longer.  The  symptoms  are  very  slow  in 
their  progress.  They  begin  as  spinal  or  cerebral,  but 
both  sets  of  symptoms  appear  before  this  stage  is  termi- 
nated. There  is  often  an  arrest  of  the  symptoms,  or  even 
improvement,  which  indefinitely  prolongs  this  stage,  and 
may  give  rise  to  delusive  hopes  of  complete  restoration 
to  health. 
The  second  stage,  that  of  the  fully  developed  disease 


may  last  also  for  from  two  to  six  years.  There  seems  to 
be  little  change  in  the  patient  during  this  period,  and, 
though  entirely  helpless,  he  seems  not  to  suffer  in  gen- 
eral health. 

The  third  stage  is  that  of  decline.  The  general  health 
is  affected,  there  are  loss  of  appetite,  wasting,  etc.  Cys- 
titis, decubitus,  pyaemia,  etc.,  may  hasten  the  end.  Or 
the  latter  may  be  due  to  an  increase  in  the  bulbar  symp- 
toms, or  to  an  apoplectiform  attack.  More  frequently 
a  fatal  termination  is  caused  by  an  intercurrent  affection 
— pneumonia,  typhoid  fever,  or,  above  all,  phthisis. 

The  average  lengtli  of  the  disease  is  from  six  to  eight 
years.  In  rare  cases  it  terminates  in  a  year  or  two ;  oc- 
casionally it  lasts  twenty  years. 

Morbid  Anatomy.— The  pathological  changes  can 
usually  be  seen  by  the  naked  eye.  They  consist  of  nu- 
merous patches  or  nodules  of  sclerosed  tissue  scattered 
throughout  the  nervous  system.  The  nodules  vary  in 
size  from  merely  microscopical  proportions  to  an  object 
as  large  as  a  chestnut  or  larger;  they  are  rounded  or  ir- 
regular in  shape,  and  may  often  be  seen  on  the  surface  as 
slight  prominences  or  depressions,  but  are  found  in  larger 
number  when  sections  of  the  brain  and  cord  are  made. 
Their  color  is  mostly  of  a  gray  or  reddish-gray ;  they  are 
translucent,  and  have  a  firm,  often  cartilaginous,  consist- 
ence. Many  of  the  nodules  are  of  the  same  color  as  the 
surrounding  tissue,  and  are  only  distinguished  by  their 
consistence.  In  rare  instances  a  few  may  be  softer  than 
the  normal  tissue,  probably  indicating  recent  disease; 
most  of  the  nodules,  on  the  other  hand,  are  firmer  than 
the  normal  tissue,  doubtless  being  of  very  old  standing, 
for  such  cases  come  to  the  post-mortem  table  only  after 
the  disease  has  existed  a  long  time.  The  nodules  seem  to 
be  quite  distinctly  circumscribed,  but  the  microscope  re- 
veals the  fact  that  they  merge  imperceptibly  into  the 
healthy  tissue.  They  are  also  quite  distinct,  as  a  rule, 
though  occasionally  they  blend  into  one  another.  In 
rare  instances  there  has  been  found,  in  both  the  brain 
and  the  spinal  cord,  a  diffuse  sclerosis  which,  to  some  ex- 
tent, has  united  the  scattered  nodules.  On  the  other 
hand,  secondary  degeneration  seems  rarely,  if  at  all,  to 
develop  from  the  disseminated  disease. 

The  number  of  nodules  found  in  a  single  instance  may 
be  very  small,  or  may  run  into  hundreds.  Their  distri- 
bution in  the  cord  is  very  irregular.  In  some  sections 
they  may  be  found  in  the  anterior,  in  others  in  the  pos- 
terior, columns ;  in  still  others  in  the  gray  matter,  or  they 
may  involve  all  these  parts  in  the  same  section.  Usually 
a  large  number  of  nodules  are  found  in  the  medulla, 
pons,  and  crura  cerebri.  It  is  very  rare  that  these  parts 
are  found  free  from  disease.  In  the  hemispheres  the 
walls  of  the  ventricles,  corpus  callosum,  and  centrum 
ovale  are  favored  seats  of  the  disease.  In  the  latter  two 
localities  the  nodules  are  often  quite  large.  Usually 
nodules  are  also  found  in  the  large  ganglia,  while  the 
cortex  generally  escapes.  But  few  nodules  are,  as  a 
rule,  found  in  the  cerebellum,  and  these  in  the  central 
white  matter.  Similar  nodules  may  be  found  in  the 
nerves,  most  frequently  in  the  optic  nerves,  but  occasion- 
ally in  the  hypoglossal,  the  nerves  of  the  eye,  and  the 
roots  of  the  spinal  nerves. 

The  microscopical  appearances  are  those  of  interstitial 
myelitis.  The  nodules  are  mostly  new  connective  tissue 
composed  of  very  fine  wavy  flbrillse.  But  in  this  new 
tissue  tlie  axis  cylinders  of  the  nerve  fibres  can  usually 
be  found  in  large  numbers,  though  their  medullary 
sheaths  have  disappeared.  This  is  especially  true  of  the 
nodules  in  the  spinal  cord. 

At  one  of  the  meetings  of  the  Society  of  German  Natu- 
ralists and  Physicians,  Adamkiewicz  expressed  the  opin- 
ion that  the  disease  is  not  interstitial,  but  develops 
primarily  in  the  nervous  tissue,  beginning  in  the  medul- 
lary sheaths  of  the  nerves.  He  bases  his  opinion  upon 
results  obtained  by  a  new  method  of  staining  the  nervous 
tissue.  His  view  is  altogether  at  variance  with  that 
formerly  held,  and  may  be  looked  upon  with  doubt,  at 
least  until  further  corroboration  is  forthcoming. 

Morbid  Physiology.— Many  of   the   symptoms  are 
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easily  explained  by  the  lesions  found :  psychic  symptoms 
by  disease  of  the  hemispheres,  bulbar  symptoms  by  le- 
sions of  the  medulla,  muscular  atrophy  by  lesions  in  the 
anterior  cornua,  anaesthesia  and  ataxia  by  disease  of  the 
posterior  columns,  spastic  paralysis  by  disease  of  the  an- 
tero-lateral  columns — in  some  instances  cerebral  lesions 
may  produce  the  same  symptoms, — while  amblyopia  and 
some  other  symptoms  are  often  due  to  nodules  in  the 
nerves  themselves. 

The  long  retention  of  the  axis  cylinders  accounts  for 
the  usual  presence  of  paresis  rather  than  paralysis,  for  the 
anaesthesia  being  slight,  for  the  amblyopia  rarely  advanc- 
ing to  complete  blindness,  etc.  (In  locomotor  ataxia  there 
are  also  numerous  axis  cylinders  in  the  sclerosed  area, 
and  the  symptoms  usually  point  to  only  a  partial  loss  of 
function.)  Charcot  attributes  the  tremor  to  the  same  con- 
dition. He  supposes  that  the  axis  cylinders  continue  to 
carry  voluntary  imp\ilses,  but,  because  they  are  bared  of 
their  medullary  sheaths,  they  carry  them  in  an  irregular, 
jerking  manner,  and  hence  the  oscillations  in  the  volun- 
tary movements.  While  this  must  be  considered  a  mere 
theory,  vfe  can  speak  vf ith  more  positiveness  of  the  loca- 
tion of  the  lesion  as  a  cause  of  the  tremor.  It  seems  to 
be  due  to  nodules  in  the  medulla  and  pons,  or,  at  least,  in 
the  basilar  portions  of  the  brain.  In  a  fevf  cases,  in 
which  the  disease  was  limited  to  the  cord,  no  tremor  was 
observed.  On  the  other  hand,  when  tremor  was  observed 
during  life  nodules  were  always  found  in  the  medulla 
and  pons ;  when  it  was  not  observed,  these  parts  were  not 
affected  to  any  extent. 

With  a  considerable  degree  of  doubt,  we  may  attribute 
the  nystagmus  to  lesions  in  the  corpora  quadrigemina,  the 
scanning  speech  to  lesions  in  the  medulla,  the  vertigo  to 
lesions  in  the  medulla  or  cerebellum.  A  satisfactory  ex- 
planation of  the  apoplectiform  attacks  has  not  yet  been 
given. 

Diagnosis. — In  some  instances  a  diagnosis  is  made  with 
the  greatest  ease,  in  others  it  is  almost  impossible  to  make 
a  diagnosis.  The  most  common  clinical  picture — paresis 
of  the  extremities  with  exaggerated  tendon  reflexes,  in- 
tention tremor,  nystagmus,  scanning  speech,  amblyopia, 
etc. — is  so  characteristic  that  it  cannot  be  mistaken.* 
But  some  of  the  most  characteristic  symptoms  may  be 
wanting,  and  then  the  diagnosis  is  much  more  difficult. 
In  this  case  the  indications  of  multiplicity  of  lesions  and 
the  very  chronic  course  of  the  malady  must  be  the  guides 
to  diagnosis.  When  the  disease  is  limited  to  the  spinal 
cord  one  can  scarcely  do  more  than  guess  in  distinguish- 
ing it  from  other  forms  of  myelitis.  In  such  cases  one 
must  be  on  the  lookout  for  cerebral  symptoms.  Optic 
atrophy  is  often  a  valuable  diagnostic  symptom,  not  only 
in  this  instance,  but  in  excluding  hysteria  or  other  func- 
tional diseases  which  may  simulate  multiple  sclerosis. 

When  the  sclerosis  affects  only  the  brain  it  may  present 
some  of  the  manifestations  of  brain  tumor.  Here,  too,  the 
indications  of  a  multiple  lesion  and  the  very  slow  course 
of  the  disease  may  clear  up  the  diagnosis.  But  there 
is  another  important  distinction,  in  that  brain  tumors 
produce  to  a  large  extent  general  symptoms,  those  of  in- 
tracranial pressure,  such  as  severe  headache,  convulsions, 
and  double  optic  neuritis;  while  sclerosis  produces 
merely  local  symptoms,  those  indicating  the  loss  of 
function  of  the  part  affected  by  the  disease. 

The  tremor  of  alcohol,  lead,  and  mercurial  poisoning 
might  be  mistaken  for  this  disease,  but  concomitant 
symptoms  and  the  history  of  a  cause  will  establish  the 
diagnosis.  The  tremor  of  paralysis  agitans,  with  which 
this  disease  was  formerly  confounded,  is  easily  distin- 
guished by  the  appearance  of  the  tremor,  its  being  con- 
trolled to  some  extent  by  voluntary  effort  and  increased 
during  rest,  and  its  very  rarely  affecting  the  muscles  of 
the  head  and  neck.     Furthermore,  paralysis  agitans  is 


*  Schuler  reported  a  case  of  tumor  of  the  right  hemisphere,  m  the 
neighborhood  of  the  island  of  Reil,  which  produced  the  typical  clini- 
cal picture  of  multiple  sclerosis,  and  Westphal  reported  two  cases 
with  similar  histories,  in  which  no  pathological  changes  were  found 
post  mortem.  But  these  are  such  rare  occurrences  as  not  materially 
to  Impair  the  diagnostic  value  of  this  clinical  picture. 


rarely  found  in  persons  under  forty  years  of  age,  while 
multiple  sclerosis  rarely  occurs  after  thirty,  and,  apart 
from  the  tremor,  the  symptoms  of  the  two  diseases  are 
quite  different. 

Prognosis. — Charcot  believes  that  the  disease  may 
sometimes  be  cured,  but  the  opposite  view  is  generally 
entertained,  though  its  arrest  and  even  improvement 
for  a  number  of  years  have  been  observed.  It  usually 
runs  a  very  protracted  course.  When  at  its  inception  it 
manifests  itself  in  various  parts  of  the  nervous  system 
at  the  same  time,  it  is  likely  to  run  a  more  rapid  course. 
The  occurrence  of  apoplectiform  seizures,  cystitis,  bulbar 
symptoms,  etc.,  indicates  the  approach  of  a  fatal  termi- 
nation. 

Treatment. — The  same  treatment  is  applicable  as  in 
other  forms  of  chronic  myelitis.  (See  Spinal-  Cord  diseases 
in  Vol.  VII.)  Philip  Zenner. 

NERVI. — The  town  of  Nervi  stands  upon  a  narrow, 
shelf-like  plateau  which  intervenes  between  the  base  of 
an  outlying  spur  or  side  range  of  the  Apennines  and  the 
shore  of  the  Mediterranean  Sea,  at  a  point  some  six  miles 
distant  from  Genoa,  in  a  southeasterly  direction.  The 
general  trend  of  the  coast  line  along  what  is  known  as 
the  Riviera  di  Levante,  or  Eastern  Riviera,  between  Genoa 
and  Spezia,  is  from  northwest  to  southeast;  but,  as  in 
the  case  of  the  Western  Riviera,  the  regularity  of  the  line 
is  frequently  interrupted  by  the  occurrence  of  bays, 
which  are  guarded  by  rocky  headlands,  jutting  into  the 
sea  from  the  main  chain  of  the  Apennines,  just  as  similar 
headlands  along  the  Western  Riviera  reach  down  to  the 
sea  from  the  Maritime  Alps.  The  scenery  along  this 
coast  is  consequently  very  similar  to  that  of  the  Western 
Riviera,  and,  as  the  writer  can  testify  from  personal  ex- 
perience, it  is  exceedingly  picturesque  and  beautiful. 
The  width  of  the  little  plateau  upon  which  Nervi  is 
built  does  not  exceed  a  quarter  of  a  mile;  its  elevation 
above  sea-level  is  very  inconsiderable,  and  probably 
does  not  exceed  one  hundred  feet.  The  shore  line  at 
Nervi  runs  nearly  due  east  and  west ;  the  spur  or  side 
chain  of  the  Apennines  already  mentioned,  consisting  of 
three  separate  mountain  peaks,  extends  parallel  with  the 
shore,  immediately  back  of  the  town.  The  most  wes- 
terly and  terminal  peak  of  this  side  range  is  only  about 
seven  hundred  or  eight  hundred  feet  high,  and  it  is  cov- 
ered to  its  top  with  a  growth  of  olive  trees ;  the  other 
two  peaks  are  much  higher  (about  twenty-five  hundred 
feet),  and  their  summits  consist  of  bare  rock. 

The  town  of  Nervi  has  a  population  of  a  little  over 
three  thousand,  and  it  is  built,  in  the  straggling  fashion 
so  familiar  to  travellers  who  have  visited  the  Italian 
coasts,  along  the  old  Genoa  and  Spezia  post  road.  At 
this  point  the  road  does  not  skirt  the  shore,  but  hugs  the 
base  of  the  hills,  so  that  the  town  stands  close  under  the 
shelter  of  their  steep  slope,  and  is  effectually  protected 
from  northerly  winds.  From  easterly  winds  it  is,  in 
common  with  all  points  along  the  Eastern  Riviera,  pro- 
tected in  great  measure  by  the  main  chain  of  the  Apen- 
nines. The  northeast  wind  is  not  effectually  kept  out, 
but  gains  access  through  gaps  in  the  hills,  and  is  some- 
times strongly  felt  at  Nervi.  "The  northwest  wind," 
says  Dr.  Sparks,  "  is  also  not  unknown,  and  Dr.  Thilenius 
says  of  it,  '  The  most  dangerous  wind  and  the  wind 
which  is  always  the  most  violent,  is  the  cold,  cutting, 
dry,  and  bitter  northwest. '  "  The  warm,  damp,  relaxing 
"  scirocco  "  wind,  blowing  from  the  southeast,  is  also  of 
frequent  occurrence. 

The  rainfall  at  Nervi  is  heavier  than  along  the  West- 
ern Riviera.  The  average  fall  in  each  of  the  six  colder 
months  of  the  year,  derived  from  seven  years  of  observa- 
tion, is  quoted  by  Dr.  Sparks  from  Dr.  Thilenius  as  fol- 
lows: November,  6  inches;  December,  4.88 inches;  Janu- 
ary, 4.78  inches;  February,  3.23  inches;  March,  4.49 
inches;  April,  3.30  inches.  In  the  winter  of  1876-77  the 
number  of  rainy  days,  including  days  on  which  slight 
showers  occurred,  during  the  months  of  December,  Jan- 
uary, February,  and  March,  was 48.  At  Mentone,  during 
the  same  period,  37  such  days  occurred  (Sparks).     This 
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season  is  spoken  of  by  Dr.  Sparks  as  a  comparatively  dry 
one.  The  winter  of  1874-75,  on  the  other  hand,  appears 
to  have  been  at  Nervi  an  exceptionally  wet  one,  for  Dr. 
Sparks  quotes  Dr.  Thilenius  to  the  effect  that  daring 
that  season  "it  rained  almost  incessantly  for  three 
months,  day  and  night,  and  the  air  was  so  saturated  with 
moisture  that  there  was  scarcely  any  difference  between 
the  wet- and  dry-bulb  thermometers."  In  the  compara- 
tively dry  seasons  of  1875-76  and  1876-77  the  mean  rela- 
tive humidity,  measured  by  August's  psychrometer,  and 
quoted  by  Dr.  Sparks  from  Dr.  H.  J.  Thomas,  of  Baden- 
Weiler,  was  as  follows : 


Dec. 

Jan. 

Feb. 

March. 

April. 

1875-76 

64.0 
75.0 

60.0 
63.2 

64.8 
61.4 

66.7 
68.5 

72.7 

1876-77 

Dr.  Kisch  ^  gives  the  mean  relative  humidity  of  Nervi 
as  62.9  to  66.6  per  cent.  So  far  as  these  figures  go,  they 
appear  to  indicate  greater  dryness  of  the  atmosphere  at 
Nervi  than  exists  at  Mentone,  yet  Drs.  Weber  ^  and 
Sparks '  both  pronounce  the  climate  of  Nervi  to  be  moist- 
er  than  that  of  Mentone. 

At  Genoa,  which,  it  will  be  remembered,  is  only  six 
miles  distant,  the  mean  relative  humidity  is  decidedly 
less  than  it  is  at  Mentone,  and  during  the  prevalence  of 
northerly  winds  it  falls  very  low  indeed,  below  twenty 
per  cent. ;  occasionally  as  low  as  eight  or  nine  per  cent. 
On  the  other  hand,  when  the  "  scirocco  "  blows,  the  air 
at  Genoa  becomes  very  moist.  Dr.  Hann,  in  his  "Hand- 
buchder  Klimatologie,"  gives  the  mean  relative  humidity 
of  Genoa,  for  the  five  months  November  to  March,  as 
fifty-seven  per  cent.  Now  the  free  exposure  of  Nervi  to 
the  moisture-laden  southerly  winds  and  its  shelter  against 
the  cold,  drying,  northerly  winds  characteristic  of  the 
Genoa  climate,  would  no  doubt  combine  to  effect  a  great 
modification  of  the  mean  of  humidity  at  the  former  place 
when  compared  with  that  of  the  latter;  a  modification, 
namely,  in  the  direction  of  a  higher  percentage  of  satu- 
ration. Yet,  taking  into  account  the  close  proximitj'  of 
Nervi  to  Genoa,  and  the  relative  humidity  figures  for 
Nervi  given  in  Dr.  Sparks'  book,  it  seems  not  impos- 
sible that  this  writer  and  Dr.  Weber,  in  pronouncing  the 
Nervi  winter  climate  moister  than  that  of  Mentone,  have 
confounded  the  two  factors  of  rainfall  and  humidity. 
The  rainfall  of  Genoa  is  far  greater  than  it  is  along  the 
Western  Riviera;  the  mean  relative  humidity  is,  on  the 
other  hand,  very  considerably  less;  and  no  better  exam- 
ple than  this  feature  of  the  Genoa  climate  can  be  adduced 
in  support  of  what  has  already  been  said  in  the  article  on 
Climate  (first  edition),  viz.,  that  "  The  humidity  of  the  at- 
mosphere can  by  no  means  be  measured  by  the  amount  of 
the  rainfall. "  Probably  the  variations  in  the  atmospheric 
humidity  at  Nervi  are  much  greater  in  amount  and  more 
frequent  in  occurrence  than  they  are  at  Mentone.  "  In 
spite  of  its  raininess,"  says  Dr.  Sparks,  "  the  soil  of  Nervi 
— clay  slate — is  favorable  to  its  rapid  drying." 

As  to  the  winter  temperature  of  Nervi,  it  appears  to  be 
about  the  same  as  that  of  Mentone.  Dr.  liisch  ^  tells  us 
that  the  temperature  of  the  two  places  is  similar  in  re- 
spect to  its  mean  and  to  its  variations.  The  observations 
of  General  Brocclii,  during  the  years  1849-64,  give  the 
mean  temperatures  of  November  and  December  for  thir- 
teen years,  and  those  of  January,  February,  March,  and 
April  for  fourteen  years ;  thev  are  quoted  by  Dr.  Sparks ' 
as  follows:  November,  55.31°;  December,  47.84°-  Jan- 
uary, 46.36°;  February,  47.8°;  March,  49°;  April,  58.1°. 

The  absolute  reliability  of  these  figures  is  not  vouched 
for  by  Dr,  Sparks,  as  he  explains  that  he  "knows  noth- 
ing of  the  arrangement  of  the  instruments  or  hours  of 
reading." 

The  following  table,  showing  a  comparison  of  the 
Nervi  and  Mentone  temperatures  for  a  single  winter,  is 
quoted  from  Dr.  Sparks'  book,  its  figures  being  derived 
from  calculations  by  Dr.  Sparks,  based  upon  observations 
published  by  Herr  Schulze,  in  his  work  on  the  health  re- 
sorts of  the  Riviera,  and  of  Middle  and  Lower  Italy.-* 


Temperatures  at  Nervi  and  at  Mentone,  Winter  of  1874-75. 
(Sparks.) 


Nov. 

Dec. 

Jan. 

Feb. 

March. 

Mean  temperature  at  8  a.m. 

56.0 
54.0 

59.5 
59.2 

70.5 
70.5 

44.0 
46.0 

53.0 
48.2 

56.5 
53.6 

56.0 
64.0 

41.0 
42.0 

51.0 
50.5 

58.0 
56.0 

66.0 
64.0 

44.0 
46.0 

44.0 
44.5 

50.3 
59.0 

61.0 
55.0 

36.0 
36.0 

49  0 

Mentone 

49  8 

Mean  temperature  at  2  p.m. 
Nervi 

55  4 

57  5 

Maximum  temperature. 
Nervi 

64  0 

66  0 

Minimum  temperature. 
Nervi 

44  0 

Mentone 

48  0 

The  following  data  for  mean  temperature  at  8  p.m.  and 
for  absolute  minimum  temperature  at  Nervi,  during  the 
months  of  December,  1876,  and  January,  February,  and 
March,  1877,  are  quoted  by  Dr.  Sparks  from  an  article  by 
Dr.  H.  J.  Thomas  in  the  Berliner  klinimhe  WocTiensehrift. 
The  figures  for  the  mean  temperature  are  as  follows: 
December,  51.5°;  January,  49.3°;  February,  47.2°; 
March,  47.4°  F.  The  minimum  temperature  observed 
was  35.2°  on  March  2d,  1877.  It  is  worthy  of  note,  in 
connection  with  this  last-quoted  figure,  that  a  minimum 
temperature  of  25.5°  was  recorded  in  the  "  West  Bay  "  of 
Mentone  during  this  same  month.  Moreover,  if  one  may 
judge  from  a  table  of  monthly  highest  and  lowest  tem- 
peratures at  Mentone  which  is  given  by  Dr.  Sparks  in 
his  account  of  that  place,  it  would  appear  that  this  winter 
season  of  1876-77  was  not  an  unusually  warm  one  on  the 
Western  Riviera,  and  that  March,  1877,  was  exceptionally 
cold ;  and  it  is  reasonable  to  infer  that  such  was  also  the 
case  along  the  Eastern  Riviera.  If  such  was  the  case,  and 
if  Dr.  Thomas'  observations  were  made  under  like  con- 
ditions with  those  of  Messrs.  Freeman  and  Andrews  at 
Mentone,  the  greater  mildness,  or,  at  least,  the  greater 
equability  of  the  Nervi  as  compared  with  the  Mentone 
climate  would  be  illustrated,  although  not  accurately 
measured,  by  these  two  figures  alone. 

On  the  other  hand.  Dr.  Thomas'  8  p.m.  figures,  when 
compared  with  the  daily  mean  figures  of  Dr.  Brocchi, 
already  quoted,  show  a  decided  discrepancy  between  the 
two  sets  of  observations,  especially  if  we  assume,  on  the 
authority  of  the  Mentone  figures,  that  at  Nervi  the  win- 
ter of  1876-77  was  no  warmer  than  the  average. 

It  is  to  be  regretted  that  no  fuller,  more  extended,  and 
more  accurate  observations  respecting  the  various  climatic 
factors  of  the  place  have  as  yet  been  made  and  recorded 
at  Nervi.  Nevertheless,  so  "far  as  temperature  is  con- 
cerned, the  climate  is  undoubtedly  a  mild  one,  and  almost 
identical  in  this  respect  with  that  of  the  Weste.-n  Riviera. 
As  remarked  by  Dr.  Sparks:  "In  spite  of  the  want  of 
really  scientific  observations  on  the  climate  of  Nervi, 
there  is  no  doubt  of  the  mildness  of  its  climate.  The 
abundant  subtropical  vegetation,  and  the  growth  of 
standard  lemon  trees,  is  a  proof  of  this. "  The  following 
quotation  from  an  article  by  Dr.  Edward  Haughton  (Lon- 
don Lancet,  December  13th,  1884)  is  interesting  as  illus- 
trating the  agency  of  mountain  shelter  in  the  production 
of  Nervl's  mild  winter  temperature.  In  February,  1884, 
this  gentleman  visited  Genoa,  Pegli,  and  Nervi,  all  on 
the  same  day,  for  the  express  purpose  of  making  obser- 
vations on  this  point.  "  The  result, "  as  he  tells  us,  "  was- 
that  the  wind,  which  was  bitterly  cold  at  Genoa,  was 
much  milder  at  Pegli,  especiallj'  in  the  valley  behind  the 
town,  while  it  was  perfectly  calm,  and  even  warm  at 
Nervi,  so  long  as  the  headlands  which  protect  the  place 
were  not  rounded  by  the  visitor."  The  same  point  is 
further  exemplified  in  a  striliing  manner,  although  on  a 
small  scale,  in  what  Dr.  Sparks  tells  us  concerning  a 
sheltered  coast- walk  at  Nervi  itself;  and  everywhere 
along  this  part  of  the  Italian  coast  we  find  that  shelter 
from  cold  wiud  and  exposure  to  the  sun  combine  in  vary- 
ing degrees  to  cause  marked  elevation  of  temperature, 
even  "in  the  dead  of  winter."  At  Nervi  the  railway 
runs  between  the  town  and  the  sea.     "Below  the  rail- 
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Neurenteric  Canals. 


-way,  and  just  before  the  rocky  shore  takes  its  deep 
descent  iuto  the  sea,  a  path  a  few  feet  wide  has  been  cut 
along  the  edge  of  the  rock  for  the  use  of  the  coast 
guardsmen,  and  as  it  accurately  follows  the  indentations 
of  the  coast  line,  and  is  absolutely  protected  from  the 
north  by  high  garden  walls,  or  by  part  of  the  rocky 
slope,  or  the  railway  embankment,  while  it  gets  all  the 
southern  sun  in  its  full  force,  it  is  naturally  an  excellent 
promenade  for  invalids.  Here  they  can  walk  or  sit,  or, 
if  they  choose,  at  certain  points  descend  close  to  the  sea, 
and  enjoy  a  temperatiu'e  of  64°-68°  F.,  while  in  the  High 
Street  of  Nervi  the  thermometer  at  the  same  time  is  not 
higher  than  43°  or  44°.  Naturally  great  care  is  necessary 
to  be  provided  with  plenty  of  wraps  to  put  on  when  re- 
turning from  the  shore  to  the  town. " 

Of  amusements  for  the  invalid  there  appears  to  be  a 
great  dearth  at  Nervi,  and  the  facilities  for  the  making 
of  excursions  in  the  immediate  neighborhood  are  exceed- 
ingly limited.  "The  neighborhood  of  Nervi,"  says  Dr. 
Sparks,  "  offers  but  a  limited  field  for  excursions  owing 
to  the  nearness  and  steepness  of  the  high  hills  at  the  back 
of  the  town.  There  is  no  drive  along  the  shore  close  to 
Nervi,  though  further  west  the  road  at  some  places  near- 
ly overhangs  the  sea.  .  .  .  For  amusements  of  all  kinds, 
€xcept  rod-flshing,  Nervi  presents  little  opportunity. " 

[There  are  three  first-class  hotels  at  Nervi  and  various 
pensions.  A  train  runs  every  quarter  of  an  hour  to  and 
from  Genoa.  "The  mild  but  tonic  climate  of  Nervi  has 
for  some  years  been  attracting  every  season  an  increasing 
Bumber  of  visitors."*  English  physicians  are  to  be 
found  at  Nervi.— £^.  0.  0.] 

Concerning  the  class  of  invalids  who  should  be  recom- 
mended or  permitted  to  pass  a  winter  at  Nervi,  it  is 
impossible  to  decide  with  any  degree  of  precision  until  a 
longer  and  more  thorough  series  of  meteorological  obser- 
vations shall  have  given  us  a  more  accurate  knowledge 
of  the  local  climatic  peculiarities.  For  the  present  it  can 
only  be  said  that  the  general  features  of  the  climate  are 
those  of  the  Italian  Riviera,  and  that  the  local  modifica- 
tions are  such  as  render  the  climate  less  exciting  than  that 
of  the  Western  Riviera  resorts.     Huntington  liicliards. 

Beferences. 

'  The  Riviera,  by  Edward  J.  Sparks,  M.A.,  B.M.,  Oxon. 

^  Ziemssen's  Handbuch  der  allg.  Therapie  uod  Klimatotherapie. 

'  Eulenburg's  Real-Encyclopadie,  art.  Nervi. 

*  Die  klimatischen  Curdrte  der  Riviera,  Mittel-  und  Unter-Italiens. 

=  The  Riviera,  by  C.  B.  Black,  1901. 

NEURENTERIC  CANALS.-It  is  now  known  that  dur- 
ing the  very  early  stages  of  the  development  of  many 
vertebrates  there  is  an  open  communication  between  the 
posterior  portion  of  the  medullary  canal  (spinal  cord)  and 
the  entodermic  or  intestinal  canal.  To  this  communica- 
tion the  name  of  neurenteric  canal  has  been  applied. 
The  original  opening  of  the  archenteron  is  known 
as  the  blastopore  (see  "Vol.  II.,  p.  4).  In  mammals, 
as  in  other  amniota,  it  is  represented  by  the  pos- 
terior opening  to  the  exterior  of  the  notochordal 
oanal.  It  has  now  been  observed  in  various  ver- 
tebrates that  as  the  neural  ridges  or  medullary 
plates  develop  backward  they  terminate  against  ^g^ 
the  sides  of  the  blastopore,  which  acqiiires  an  elon- 
gated form.  By  their  further  growth  the  medul- 
lary plates  close  over  across  the  long  blastopore,  —^  , 
in  such  a  manner  as  to  divide  it  into  an  anterior  ^"^• 
portion  and  a  posterior  portion.  The  -posterior  portion 
remains  permanently  open  in  certain  amphibia  and  thus 
gives  rise  to  the  anus,  or  it  may  close  over  (Fig.  5159,  U., 
and  subsequently  open,  thus  giving  rise  indirectly  to  the 
anus.  The  anterior  portion  is  an  opening  enclosed  within 
the  medullary  plate  or  groove,  and  may  remain  open 
until  after  the  groove  has  closed  to  form  a  canal  (Figs. 
■5159,  5160,  ne),  the  true  neurenteric  canal,  which  estab- 
lishes a  direct  communication  between  the  neural  and 
entodermal  tubes.  It  has  been  observed  in  man  (Fig. 
5161,  Neu.  o).  It  might  with  propriety  be  termed  the 
canai  of  Kowalewsky,  from  its  discoverer.     Kowalew- 


sky  first  found  it  in  amphioxus,  and  subsequently  de- 
monstrated its  occurrence  in  various  fish  types. 

The  canal  lies  in  front  of  the  true  or  secondary  blasto- 
pore and  traverses  the  notochord.  According  to  Dur- 
ham,^ it  can 
be  well  seen 
in  longitudi- 
nal sections 
of  early 
stages  of  the 
frog  (Fig. 
5190)  as  a 
short  canal, 
ne.,  opening 
widely  into 
the  entoder- 
mal cavity. 
Compare  also  GOt- 
te's'"  description  of 
the  neurenteric  ca- 
nal in  Bombinator. 
It  was  discovered 
by  Gasser » in  goose 
embryos.  Braun ' 
has  shown  that  both 
canals  may  be  pres- 
ent in  various  bird 
embryos  at  a  stage 
when  there  are  six 
or  eight  pairs  of 
myotomes  and  the 
development  of  the 
tail  is  just  begin- 
ning. The  neuren- 
teric canal  lies  a 
short  distance  in 
front  of  the  blasto- 
poric,  which  is  the 
larger  of  the  two. 
The  two  canals  ap- 
pear in  some  spe- 
cies at  the  same  time,  or  in  other  species  at  slightly 
different  stages.  The  posterior  canal  is  more  often 
obliterated  in  birds  than  the  anterior.  In  the  duck  and 
in  Motacilla  flava  the  canals  are  separated  both  in  the 
times  and  positions  of  their  occurrence ;  in  the  Australian 
paroquet  they  are  both  present  contemporaneously, 
although  the  neurenteric  passage  becomes  open  earli- 
est. Pig.  5191  represents  a  transverse  section,  which 
passes  through  the  neurenteric  canal  of  the  paroquet. 
In  the  common  fowl  the  blastoporic  canal  appears  not 


Fig.  5190.— Longitudinal  Section  of  a  Frog's 
Ovum  shortly  after  the  Closure  of  the 
Medullary  Groove.  The  blastoporic  canal, 
bl.,  is  only  partially  cut,  but  was  found 
open  in  neighboring  sections.  (After 
Durham.)  Md,  Medullary  canal;  bl., 
blastopore ;  Vit.,  yolk  forming  the  floor  of 
the  entodermic  cavity,  Ent.;  ne.,  neu- 
renteric canal. 


Fig.  .5191.— Transverse  Section  of  an  Embryo  Paroquet  (Melopsit- 
tacus)  to  show  the  Anterior  or  True  Neurenteric  Canal.  Ec,  Ec- 
toderm; My,  myotome;  Md.,  medullary  canal;  Gh.,  notochord 
pierced  by  the  short  neurenteric  canal,  ne. ;  Ent.,  entoderm  ;  mes., 
mesoderm.    (After  Max  Braun.) 

to  be  open  at  any  period  after  the  formation  of  the 
primitive  streak. 

Another  canal,  which  was  first  satisfactorily  described 
by  Braun,' occurs  in  older  embryos.  The  "Enddarm" 
of  Gasser  and  KoUiker  becomes  the  "  Schwanzdarm '' 
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Fig.  5192.— Reconstruction  of  a  Human  Em- 
bryo 1.54  mm.  Long.  The  amnion  lias  been 
opened  to  sbow  the  dorsal  surface  of  the 
embPTO.  Yk,  Yolk  sac ;  Am,  amnion ;  Md.pl, 
medullary  plate;  F,  dorsal  furrow;  Neu.c, 
neurenteric  canal :  Pr.gr,  primitive  groove ; 
B.st,  body  stalk.  (After Count Spee.)  (From 
Minot's  ''Embryology,"  Blakiston,  Phila., 
1903.) 


(post-anal  gut,  Balfour  i)  of  older  embryos,  which  soon 
becomes  divided,  at  least  in  birds,  Into  a  dilated  terminal 
portion  and  a  narrower  neck  communicating  with  the 
intestine  proper.     The  posterior  section  then  subdivides, 

and  its  narrow 
end  segment 
lengthens  out 
and  unites  with 
the  spinal  cord. 
This  canal  we 
may  designate  as 
Braun's  canai. 
It  is  not  improb- 
able that  it  is 
homologous 
with  the  amnio- 
allantoic  canal 
of  Gasser,' 
which  Rauber  '* 
has  nicknamed 
the  Cochin  Chi- 
na canal,  after 
the  breed  of 
hens  in  which  it 
seems  most  con- 
stant. In  the 
one  case  we  may 
suppose  the  ca- 
nal to  open  af- 
ter, in  the  other 
before,  the  clos- 
ure of  the  pos- 
terior end  of  the 
medullary 
groove.  If  the 
homology  is  cor- 
rect it  may  be 
further  said  that  the  canal  is  identical  with  Kupffer's 
myelo-allantoidean  canal ;  it  cannot  be  brought  into  rela- 
tion with  the  development  of  the  allantois,  as  believed 
by  KupfEer,'"  as  the  allantois  and  Enddarm  are  both 
formed  before  the  canal  appears. 

The  signiiicance  of  the  three  canals  is  obscure.  The 
middle  one  seems  unquestionably  the  temporarily  open 
secondary  blastopore.  The  first,  or  Gasserian  canal,  is 
distinct  from  the  blastoporic,  as  the  two  coexist,  and  it 
seems  desirable  that  this  canal  alone  should  be  called 
neurenteric.  As  to  its  origin  or  signiiicance  nothing  defi- 
nite can  be  said,  but  it  may  be  suggested  that  it  was  the 
excretory  opening  of  the  central  canal  of  the  spinal  cord 
and  that  the  cilia  of  the  canal  served  to  expel  tlie  fluid 
(compare  Balfour  >, ').  This  may  have  been  the  condition 
in  the  earliest  vertebrates,  and  the  neurenteric  canal  now 
persists  as  a  rudimentary  organ.  As  to  the  morphologi- 
cal or  physiological  interpretation  of  the  third  or  Braun's 
canal  no  satisfactory  suggestion  has  been  made. 

It  seems  not  impossible  that  a  persistent  neurenteric 
canal  may  occur  as  an  excessively  rare  anomaly  in  the 
adult.  Charles  Sedgwick  Mirwt. 

Literature. 

The  literature  of  the  neurenteric  canals  is  all  comparatively  recent, 
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readily  by  consulting  first  the  textbooks  of  Balfour,  =,  = ;  secimd  the 
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»  Braun,  M. :  Die  Entwlckelung  des  Wellenpapagels :  it.  Theil 
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<  Durham,  Herbert  E. :  Note  on  the  Presence  of  a  Neurenteric  Canal 
in  Eana.    Quart.  Joum.  Microsc.  Science,  xxvi.,  509-510,  Plate  xxvii 
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'a  G5tt«:  Entwictelungsgeschichte  der  Uuke. 


'  Heape,  Walter :  The  Early  Development  of  the  Mole  (Talpa 
Europa) .  The  formation  of  the  germinal  layers,  and  early  develop- 
ment of  the  medullary  groove  and  notocbord.  Quart.  Joum.  Microsc. 
Sci.,  xxvi.,  1883,  412-452,  Plate  xxviii.-xxxi. 

'  Hoffmann,  C.  K. :  Die  Bildung  des  Mesoderms,  die  Anlage  der 
Chorda  dorsalis,  u.  die  Entwlckelung  des  Canalis  neurentericus  bet 
Vogel-Embryonen,  p.  109,  5  Tafeln.  Amsterdam,  1883.  (Abstr.  in 
Hoffmann  u.  Schwalbe's  Jahresber.,  1883,  442-444.) 

1"  Kupfler,  0. :  Die  Ga«trulation  an  den  meroblastlschen  Eiem  der 
Wirbelthlere  und  die  Bedeutung  des  Primitivstreifs.  Arch.  Anat. 
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Taf.  viii.-lx. ;  2te  Fortsetzung,  1883, 1-40,  Tat.  i.-ii. 

•'  Lleberkuhn,  N. :  Ueber  die  Chorda  bei  Saugethieren.  His  und 
Braune^  Archiv,  1882,  399-438,  Taf.  xx.-xxi.  Fortsetzung,  1883,  435- 
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'^  Rauber,  A. :  Noch  ein  Blastoporus.  Zool.  Anzeiger,  vl.,  1883, 143- 
147,  and  163-167  (c/.  his  earlier  papers  on  the  Blastoporic  Canal, 
Zool.  Anzeiger,  ii.,  1897,  p.  499,  and  ill.,  1880,  p.  180). 
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NOVASPIRIN  is  methylene-citryl-salicylic  acid.  It 
is  a  white,  odorless,  crystalline  powder  with  an  acid 
taste;  easily  soluble  in  alcohol,  slightly  .so  in  chloro- 
form and  ether,  not  perceptibly  so  in  water.  It  is  said 
to  contain  sixty-two  per  cent,  of  salicylic  acid,  is  de- 
composed upon  heating  with  caustic  alkalies  or  standing 
in  water  or  alkaline  solutions.  Novaspirin  is  another 
one  of  the  many  salicylic-acid  derivatives  or  combina- 
tions and  is  used  in  the  same  doses,  0.7  to  1.0  gm.  (10 
to  15  grains),  and  for  the  same  purposes  as  the  salicy- 
lates. John  W.  Wainwright. 

NOVOCAIN  is  another  of  the  many  local  anspsthetics 
recently  offered  as  substitutes'  for  cocaine.  It  is  chem- 
ically the  p-amino-benzoyl-diethyl-amino-ethanol  hy- 
drochloride, NH,CaH4.COO.C2H4N(C,H02HCl.  It  oc- 
curs as  colorless  needle-like  crystals  which  melt  at  156° 
C.  It  is  soluble  in  equal  parts  of  cold  water  and  1  part 
to  30  parts  of  alcohol.  Solutions  are  neutral,  are  in- 
compatible with  caustic  alkaUes  and  their  carbonates; 
sodium  bicarbonate,  however,  does  not  cause  turbidity 
of  novocain  solutions.  Pharmacological  studies  show 
novocain  in  the  same  concentrations  to  have  an  equal 
action  on  the  peripheral  nerves  as  does  cocaine,  while 
the  action  is  more  prolonged.  Irritation  Ls  not  in  evi- 
dence even  in  the  strongest  concentrations,  while  circu- 
lation and  respiration  are  uninfluenced.  Intravenous 
injections  are  followed  by  a  brief  lowering  of  the  blood 
pressure,  while  the  respiration  becomes  slower  and  shal- 
lower. The  heart  beats  are  not  weakened.  It  there- 
fore doubtless  acts  upon  the  vasomotor  centres. 

A  comparison  of  the  fatal  dose  on  different  kinds  of 
animals  with  that  of  cocaine  and  stovain  show  per  kilo 
of  body  weight  by  subcutaneous  injection  as  follows : 


Cocaine. 
Rabbits,  .0.05  to  0.1  gm. 
Dogs 0.05  to  0.07  •' 


Stovain.  Novocain, 

0.15  to  0.17  gm.       0.35  to  0.4  gm. 
0.15  ■'  0.25 


The  same  ratio  follows  when  it  is  applied  intravenous- 
ly. Injected  into  the  spinal  cord  the  fatal  doses  for  cats 
are; 

Cocaine.  Stovain.  Novocain. 

0.018  gram.         0.025  to  0.05  gram, 


,0.15  gram   not 
fatal.     (Biberfeld.) 


From  these  results  it  therefore  appears  that  novo- 
cain is  from  five  to  six  times  less  toxic  than  cocaine 
and  two  to  three  times  less  than  stovain. 

In  superficial  infiltration,  conduction,  and  lumbar 
anaesthesia,  novocain,  alypin,  and  stovain  all  seem  to  be 
superior  to  cocaine,  and  as  no  cases  of  habit  have  been 
reported  from  their  use  it  would  seem  that  they  should 
find  employment  when  possible.  It  is  a  fact,  however, 
that  cocaine  will  not  be  entirely  displaced  by  these 
newer  products,  as  for  certain  kinds  of  work  it  surpasfes 
the  latter.  The  strength  of  novocain  solution  is  from  i  to 
2  per  cent,  when  injected  into  the  tissues;  10  per  cent, 
in  ophthalmology;  5  to  10  per  cent,  when  applied 
to  the  mucous  membrane.  It  should,  as  a  rule,  be 
used  in  connection  with  one  of  the  suprarenal  prin- 
ciples, smaller  quantities  of  both  being  used  when 
combined  than  when  used  singly.  It  can  be  steril- 
ized by  boiling,  which  should  precede   the  addition  of 
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Table  Giving  Particulars  of  All  the  Reported  Cases  of  Ochronosis. 


Author  and 
reference. 


Virchow: 

Virchow's 

Archiv,  1866, 

Band  xxxvii., 

p.  212. 


Boatrom: 
Virchow's 

Festschrift, 
Band  ii., 

1891,  p.  177. 


Hansemann : 

Berliner  khn- 
ische  Wochen- 
schrift,  1892, 
Band  xxix., 
p.  660, 


Heile: 

Virchow's 

Archiv,  1900, 

Band  clx.,  p. 

148. 


Ibid. 


Hecker  and 
Wolf:  Fest- 
schrift des  50 
Jahr.  Best.  d. 
Stadt  Krank- 
enhaus  zu 
Dresden, 
1899.  p.  325. 


7         Albrecht: 

Zeitschrift  fur 

Heilkunde, 

1902,  BanA 

xxiii.,  p.  366. 


Sex  and 
age. 


12 


Osier: 

The  Lancet, 

Jan.  2,  1904, 

p.  10. 


Ibid. 


Ogden: 

Zeitschrift  ftir 
physiologische 
Chemie,  1895. 

Pope: 
The  Lancet, 
Jan.  6,  1906, 

P.  24. 


Pick: 
Case  present- 
ed at  Meeting 
of  Berl.  med. 
Society,  Mar, 

14.  1906. 

Dtsch.  med. 

Wch.  Vereins- 

beii.,     No. 

13,   1906,  p. 

624;    Berl. 

klin  Woch,, 

No.  17. 

1906. 


M., 

67. 


F., 
44. 


M., 
41 


F.. 

36. 


F.. 
62 


M.. 
73. 


M., 
47. 


M.. 

57, 
Living. 


M., 
49. 

Broth- 
er of 


? 

Liv- 
ing. 

F., 
47. 


F.. 

77 


Color  of 
skin. 


No  descrip- 
tion,   pre- 
sumably un- 
altered. 


No  reference. 


No  alteration. 


Other  parts 
colored. 


No  alteration. 


No  alteration. 


A  dun  ash 

color, 

brownish  in 

places. 


DuriLg  life 
pale  (fefcoss). 

Post  mortem, 
no,  marked 

pigmentation. 


Coal-black  on 
the  nose  and 

cheeks; 

patches  on 

sclerotics;  ears 

blue-black. 

Normal; 
patches  on 
sclerotics. 


All  cartilages. 


Cartilages 
ebony  black; 
also  spots  on 

valves  and 

endocardium 

of  heart 

(brownish 

gray). 

Cartilages  of 
ribs,  sterno- 
claviculars, 
interverte- 
brals, etc, 
inky  black. 


Cartilages  of 

ribs  jet  black; 

cartilages  of 

larynx  and 

trachea  only 

colored  in 

periphery. 

All  cartilages. 


Patch  on 
sclerotics;  all 

cartilages; 

dura  mater  in 

spots. 


Urine  color  and 
reactions. 


Clear;  no  aceoimt 
of  reaction. 


No  reference. 


Other 
diseases. 


Face  brown; 
patches  on 
sclerotics. 


Bronze-skin 
complexion. 
Not  brown 
throughout, 
but  partly 

bluish. 
Hand.s  and 
ears  steel- 
blue.  Brown 
spots  in  both 
palpebral 
fissures. 


Rib  carti- 
lages: chordae 
tendinese  of 
the  heart. 


Spots  on  the 

back  of  the 

hands. 


Ears  showed 

blue-black 
through  the 

skin;  no 
post-mortem. 

Pearly  gray 
inside  conoha. 


Rib  carti- 
lages blue- 
black;  ears 
blue;  inside 
of  lips  black 
patches. 


Pigmentation 
not  limited  to 
cartilages,  but 
also  found  in 
heart-valves, 

vessels  of 
lymph  glands, 

etc.     No 
special  find- 
ings in  other 
organs.     Sole 
of  the  foot 
tnd  toes  free 
from  pig- 
mentation. 


Black;  no  reduc- 
tion of  copper; 
no  homogentisic 
acid.     Not 
alkaptonuria 
(Langstein). 


No  notes. 


No  change. 


Brown,  becom- 
ing black  on 
standing;  no 
sugar  or  albu- 
min.    Not  al- 
kaptonuria. 


Aneurism, 

ascites,  hydrO' 

thorax,  and 

arthritis 
deformans. 


Strangulated 

umbilical 

hernia. 


General  cede- 

ma  and  aneur-| 

ism  of  the  left 

ventricle. 


Peritonitis 
and  ruptured 
tubal  preg- 
nancy. 


Chronic  ulcer 
of  leg  and 
mitral-valve 
di 


Length  of 
illness. 


Illustrations 
in  report. 


Microscopical 
details. 


18  years. 


Colored  pict- 
ures of 
blackened 

cartilages 

(macro- 

scopical). 

Nope. 


None. 


Dark,  reduces 
copper;  all  re- 
actions of  alkap- 
tonuria except 
homogentisic  acid 
?  Alkaptonuria. 

Clear  when 
passed,  becom- 
ing black  on 

standing. 
A  Ikaptonuria. 


Alkaptonuria. 


A  Ikaptonuria. 


Black.     Not 
alkaptonuria  or 
true  melanuria. 


General  arte- 
riosclerosis, 

softening  of 
cerebellum, 

myocarditis, 

stenosis  and 
inefficiency  of 
aortic  valves, 

arthritis  de- 
formans, and 
osteomalacia. 

Pulmonary 
tubercle. 


Anaemia; 
weak,  irregu- 
lar heart;  and 
Heberden's 

nodules. 


Died  from 
pneumonia. 


Many 

years. 


Melanuria 
11  years. 


Microscopical 
appearances 
of  cartilages 
and  lympha- 
tic glands. 


As  above. 


None. 


More  than 
10  years. 


Urine  free 

from    albumin 

and  sugar. 


Chronic  ulcer 

of  leg, 

phthisis,  and 

sclerosis  of 

adrenals. 


Chronic  vari- 
cose veins  of 
legs  with  ul- 
ceration. 
Thickening 
(mild  ele- 
phantiasis) of 
teet.    Chronic 
arthritic 
changes  of 
fingers  of 
both  hands. 


None. 


None. 


None. 


Five 
years. 


Discolora- 
tion of 
ears  began 
16  years 

ago. 

Change  in 

face,  eyes, 

and 

hands 

came  on 

gradually 

in  last  4 

years. 


Superficial 
and  micro- 
scopical 
appearances. 


Brown  colora- 
tion of  ground 

substance; 
granular  pig- 
mentation of 
cartilage  cells. 

Pigment  gen- 
erally distrib- 
uted in  ground 
substance  of 
cartilages; 
granular  in 
cells. 


Details  given 
in  Langstein: 
Hofmeister's 

Beitrage, 
Band  iv.,  p. 

145,  on 

Urine;  also 

Zdarek:  ibid., 

p.  378. 

Fine  granular 
pigment  in 

ground 
substance. 


above. 


General  pig- 
mentation of 
ground  sub- 
stance of 
cartilage; 
granular  also 
in  patches; 
granular  in 
dura  mater. 


Microscopy 
nil. 


Still  living 
(Jan..  1906). 


None. 


Fine  granu- 
lar pigment 

in  cartilages; 
pigment  in 
the  white 

elastic  tissue 
in  the  »kin 
but  not  in 

rete  Malpighii. 

Pigment  not 
invariably 
diffuse,  but 
also  granu- 
lar.    Free 
from  iron; 
soluble  in 
alkali;  re- 
lated to 
melanjns. 
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the  suprarenal  principle,  as  this  is  injured  by  boil- 
ing. It  is  wise,  with  this  as  with  other  similar  prod- 
ucts, to  prepare  the  solution  fresh  when  wanted,  or 
at  all  events  if  a  stock  solution  of  any  of  the  local  an;i>s- 
thetics  is  kept  on  hand,  the  suprarenal  preparation  should 
not  be  added  until  ready  for  use,  as  all  of  those  organic 
or  gland  products  are  more  or  less  unstable  and  a  chem- 
ical reaction  is  likely  to  take  place  if  a  solution  of  the 
two  principles  is  kept  on  hand  for  any  length  of  time. 

As  in  the  case  of  alypin,  a  nitrate  of  novocain  is  to  be 
had  which  can  be  used  with  silver  nitrate  to  lessen  the 
pain  following  the  application  of  the  latter  to  inflamed 
tissues,  such  as  the  urethra,  bladder,  etc.  It  may  also 
be  used  alone  or  with  a  suprarenal  principle  to  ana:'s- 
thetize  the  urethra  before  dilatation  or  the  introduction 
of  instruments. 

The  percentage  solution  recommended  is  the  same  as 
of  the  novocain.  J  to  2  per  cent. 

John  W.  Wainwright. 

OCHRONOSIS. — This  is  a  rare  condition  in  which  the 
cartilages  (and  sometimes  other  tissues,  such  as  the 
loose  connective  tissues,  smooth  and  striated  muscle 
fibres,  and  epithelial  cells)  are  found  to  have  undergone 
a  pathological  pigmentation ;  in  other  words,  it  is  a 
form  of  melanotic  pigmentation.  This  pigmentation  is 
supposed  to  be  produced  by  a  substance  similar  to,  and 
very  closely  related  to,  melanin;  and  is  said  to  be  due 
to  the  action  of  the  enzyme  tyrosinase  on  tyrosin  and 
phenyl-alanin.  Oclironosis  has  also  been  observed  after 
a  prolonged  administration  of  phenol,  as  well  as  in  con- 
nection with  disorders  of  the  suprarenals.  The  ochro- 
notic  pigmentation  may  affect  external  parts,  such  as 
the  hands,  ears,  sclera,  skin  of  the  face  with  inner  sur- 
face of  the  lips,  to  a  marked  extent.  These  pigmenta- 
tions constitute  a  clinical  sign  of  ochronosis,  so  that  the 
disease  may  be  diagnosed  during  the  life  of  the  patient. 
The  pigment  may  be  excreted  by  the  urine,  which  then 
becomes  dark  on  being  exposed  to  the  air;  in  these 
cases  pigmented  casts  may  also  be  found  in  the  urine. 
Such  casts  are  considered  by  Pick  as  pathognomonic  of 
ochronosis. 

The  question  of  the  relation  of  ochronosis  to  alkap- 
tonuria has  been  debated ;  but  the  two  conditions  are 
not  necessarily  associated,  and  either  can  occur  without 
the  other;  Garrod  thinks  that  alkaptonuria  may  be  a 
cause,  but  not  the  only  cause,  of  ochronosis.  Still,  the 
possibility  of  a  relation  between  these  two  conditions 
(even  if  not  a  causal  relation)  must  be  allowed,  particu- 
larly when  we  notice  the  constitution  of  uroleucic  acid 
and  homogentisic  acid  (to  which  alkaptonuria  is  due), 
and  compare  the  same  with  the  constitution  of  tyrosin 
and  phenyl-anilin,  which  are  supposed  to  be  the  causa- 
tive factors  of  ochronosis. 

CH..CH(NH.).COOH     CH..CH(NH0.COOH 


Phenvl-alanin 


CH2.COOH 
OH 


HO 
Homogentisic  Acid 


OH 

Tyrosin 

CH2.CHOH.COOH 


OH 


Uroleucic  Acid 


Nardi  has  studied  the  occurrence  of  begmnmg  ochro- 
nosis in  the  cartilages,  especially  those  of  the  knee,  m 
normal  adult  individuals  up  to  eighty-five  years  of  age. 
Every  one  of  these  cases  came  to  autopsy  from  other 
causes ;  and  pigmentation  was  positively  demonstrated 
in  fifteen  out  of  fifty  cases. 


Upon  the  basis  of  his  investigations,  Nardi  {Archivio 
di  Bioloqia,  Florence,  lix.,  190.5,496)  arrives  at  the  fol- 
lowing conclusions  ■  (1)  The  articular  cartilages  of  adults 
frequently  present  pigmentations,  which  are  as  a  rule 
of  hematogenous  origin.  (2)  The  ochronotic  pigment, 
besides  being  found  in  the  cartilages,  was  also  in  the 
intinia  of  the  arteries,  where  it  existed  in  large  amount 
and  in  iliffuse  form,  because  the  conditions  and  circum- 
stances favoring  its  deposit  had  been  present  for  a  long 
time.  (3)  The  fatty  degeneration  of  the  cartilage  cells 
cannot  be  regarded  as  a  change  which  specially  favors 
the  deposit  of  the  ochronotic  pigment,  although  in  a 
general  way  the  fats  are  known  to  have  a  marked  affin- 
ity for  the  pigments.  (4)  It  is  possible,  by  means  of 
repeated  injections  of  homogeneous  blood  into  the  joints 
of  animals  such  as  rabbits,  to  produce  in  the  cartilages 
a  pigment  possessing  all  the  properties  of  the  ochro- 
notic pigment. 

A  complete  resume  of  the  cases  and  literature  up  to 
the  present  time  will  be  found  in  a  table  published 
in  The  Lancet  of  January  6th,  1906. 

R.  J.  E.  Scott. 

OPHTHALMO-REACTION  IN  TUBERCULOSIS 
AND  TYPHOID  FEVER.— The  physical  examination 
for  tuberculosis,  particularly  in  the  earlier  stages  or  in- 
cipient form,  is  attended  with  many  disappointments,  in 
fact  in  the  hands  of  the  average  general  practitioner  has 
been  a  failure.  Since  the  determination  of  the  tubercle 
bacillus  the  microscope  has  been  of  inestimable  value, 
but  even  this  has  not  solved  the  problem  of  an  early 
diagnosis  of  tuberculosis,  for  the  bacilli  do  not  make 
their  appearance,  are  not  clearly  in  evidence  in  the 
sputum,  at  as  early  a  stage  of  the  disease  as  will  give  the 
greatest  promise  to  begin  treatment.  Robert  Koch's 
studies  helped  to  solve  the  problem  of  an  early  diagnosis 
through  the  reaction  following  the  subcutaneous  injec- 
tion oT:  tuberculin,  a  reaction  following  in  the  majority 
of  cases  when  tuberculosis  exists  ;  but  here  we  encounter 
a  wide-spread  fear  among  the  profession  of  inoculating 
the  disease  when  it  does  not  exist,  or  of  lighting  up 
latent  tuberculosis;  moreover,  the  technique  for  the 
application  of  this  potent  agent  is  so  difficult  as  to  dis- 
courage the  average  physician.  Any  innovation,  there- 
fore, which  will  promise  as  reliable  results  without  the 
necessity  for  laboratory  experience,  must  of  necessity 
claim  the  attention  of  the  profession.  Such,  indeed, 
is  the  ophthalmo-reaction  test  as  used  by  Calmette  of 
France,  which  consists  in  the  instillation  of  a  small 
quantity  of  a  weak  tuberculin  solution  into  the  eye, 
which  will  be  followed  by  hypera^mia  of  the  con- 
junctiva if  the  individual  is  infected.  No  reaction  fol- 
lows should  the  suspect  be  non-tuberculous.  No  con- 
stitutional symptoms  result  from  this  method,  nor  has 
serious  injury'to  the  eye  been  noted. 

The  conjunctiva  is  notably  responsive  to  irritation 
and  highly  vascular.  A  comparison  of  the  sclera  of  the 
two  eyes  will  easily  show  the  slightest  degree  of  hyper- 
a-mia.  Calmette's  procedure  is  to  precipitate  the  old 
or  crude  tuberculin  with  ninety-five-per-cent.  alcohol, 
the  precipitate  being  dried.  The  resulting  product  is 
entirely  free  from  bouillon  as  well  as  from  other  by- 
products and  glycerin.  One  per  cent,  of  this  substance 
is  dissolved  in  filtered  sterile  physiological  salt  solution, 
and  one  drop  of  the  resultant  solution  is  instilled  into 
one  eye,  under  the  lower  lid,  from  an  eye  dropper.  Care 
should  be  taken  not  to  use  more  than  one  drop,  or  to 
allow  any  to  come  in  contact  with  the  cheek.  The  re- 
action is'plainly  marked  if  the  subject  is  tuberculous  in 
from  three  to  eight  hours  by  varying  degrees  of  hyper- 
semia,  lacrymation,  and  a  feeling  as  of  sand  in  the  eye. 

In  from  three  to  five  hours  after  the  instillation  those 
having  tuberculosis  react  as  above.  There  is  evident 
congestion  of  the  palpebral  conjunctiva  which  assumes 
a  bright  red  color  with  more  or  less  oedema.  The  lac- 
rvmal  caruncle  becomes  swollen,  red,  and  covered  with 
a'  fibrinous  exudate.  The  congestion  gradually  deepens 
and  is  accompanied  by  lacrymation.     At  the  end  ot  six 
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hours  the  fibrinous  secretion  becomes  more  profuse, 
gathering  in  filaments  in  the  inferior  conjunctival  cul- 
de-sac.  The  reaction  reaches  its  height  in  from  six  to 
ten  hours.  There  is  no  pain,  but  a  slight  burning  sensa- 
tion with  some  interference  with  vision,  this  being  pro- 
portionate to  the  amount  of  exudate.  There  is  no 
chemosis  and  the  temperature  is  not  affected.  The 
symptoms  of  congestion  gradually  subside  and  finally 
disappear  at  the  end  of  eighteen  hours  in  children,  and 
of  twenty-four  to  thirty-six  hours  in  adults. 

If  the  patient  is  non-tuberculous,  the  redness  of  the 
conjunctiva  is  mild,  appears  in  from  one  and  one-half 
to  three  hours,  and  promptly  subsides  without  the  fibrin- 
ous secretion  or  lacrymation.  Calraette's  resiilts  have 
been  confirmed  in  more  than  one  thousand  cases  and  by 
numerous  observers. 

Contraindications  for  the  use  of  this  test  are  all  dis- 
eases of  the  conjunctiva,  eyelids,  or  cornea,  including 
hay  fever,  ulcers,  trachoma,  etc.  The  patient  is  best 
kept  protected  from  a  strong  light  during  the  test. 

A  second  instillation  may  be  made  in  the  other  eye 
after  forty-eight  hours,  should  there  be  no  reaction  fol- 
lowing the  first. 

Baldwin  of  Saranac  Lake,  New  York,  uses  a  0.5  per- 
cent, solution  in  the  first  application  and  1-per-cent.  if 
a  second  is  made.  The  application  is  made  at  all  ages, 
but  has  been  used  by  Baldwin  in  most  of  the  reported 
cases  in  children.  .Autopsies  have  in  a  number  of  cases 
confirmed  the' findings. 

Baldwin  reports  137  cases.  He  found  42  positive  i-e- 
actions  out  of  45  tuberculous  subjects  tested,  1  doubt- 
ful, 2  negative.  In  9  cases  of  healed  p'jlmonary  or 
other  tuberculous  lesions,  8  reacted,  1  negative.  In 
26  cases  of  suspected  tuberculosis,  8  reacted,  4  were 
doubtful,  and  14  negative.  In  57  apparently  healthy 
individuals  in  whom  the  test  was  made  1(3  gave  a  posi- 
tive reaction,  1  was  doubtful,  and  40  were  negative. 

(See  also  the  article  on  Cvti-reaction.) 

The  ophthalmo-reaction  has  also  been  employed  b}' 
Chantemesse  as  a  diagnostic  measure  in  typhoid  fever. 
He  has  prepared  a  typhoid -fever  toxin,  J^  mg.  of  which, 
when  dissolved  in  a  drop  of  sterile  water  and  instilled 
into  the  eye  of  a  healthy  person,  caused  reddening  of 
the  conjunctiva  with  increased  secretion  of  tears  at  the 
end  of  from  two  to  three  hours.  These  symptoms  sub- 
sided after  from  four  to  six  hours,  and  by  the  following 
day  had  disappeared  entirely. 

In  typhoid-fever  patients  the  reaction  is  much  more 
violent,  leading  in  some  instances  to  a  serofibrinous  exu- 
date. It  reaches  the  maximum  of  intensity  in  from  six: 
to  twelve  hours  and  thereafter  subsides  very  slowly,  so 
that  irritation  phenomena  can  still  be  determined  at  the 
enu  of  twenty-four  hours,  or  in  some  instances  of  two  or 
three  days  after  the  application. 

_  This  reaction  was  studied  in  rabbits  which  had  been 
infected  with  typhoid  bacilli.  The  procedure  is  regarded 
as  reliable  and  harmless.  The  toxin  employed  is  a  dry 
powder  obtained  by  precipitating  with  absolute  alcohol 
a  strong  solution  of  soluble  typhoid  toxin. 

John  W.  Wainwright. 

OPSONIC  THERAPY.— (Synonyms:  OD.sonotherapv ; 
Opsonic  bacterial  therapy;  Vaccine  therapv;  Bacterial 
vaccine  therapy;  Therapeutic  l)actprial  'inoculation; 
Iherapeutic  immunization. 

Definition.— A  method  of  biological  tlierapv  having 
as  Its  essential  practice  the  artificial  inoculation  of  thS 
causative  microbe,  and  a.s  its  principle  the  theory  of 
op.sonins. 

HisTonic.^L.— -Underlying  the  practice  of  opsonic 
therapy  is  the  idea  long  held  and  frequently  exprc'.sed 
in  former  times  by  thoughtful  physicians,  that  in  the 
disease  is  the  element  of  its  own  cure.  Nature  provides 
man  with  defensive  agencies  which  frequently  operate 
spontaneously  to  combat  di.sca.se  .succe.ssfully;  this  was 
the  basic  idea  in  medical  philosophy  long'  before  the 
modern  micropara-sitological  era,  and  upon  it  various 
sjstems  of  therapeutics  were  founded.     With  the  dis- 
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covery  of  the  role  that  bacteria  play  in  the  causatio 
disease  a  great  advance  was  scored,  and  the  most  t 
iant  of  pioneers  in  this  new  field  of  biological  inqi 
the  immortal  Pasteur,  immediately  engaged  hin 
with  the  task  of  applying  the  knowledge  of  pathog 
bacteria,  to  the  treatment  of  infectious  diseases.  It 
this  savant  who  disclosed  the  fact  that  a  protective 
munity  could  be  secured  by  inoculating  the  suscept 
organism  with  certain  pathogenic  bacteria  whose  ac 
ity  had  been  modified  by  various  agencies.  One  pi 
tical  outgrowth  was  Pasteur's  protective  "  vacci 
tion  "  for  anthrax ;  another,  the  well-known  methoc 
prophylactic  vaccination  against  hydrophobia.  TI 
bacterial  substances,  or,  as  in  the  case  of  hydropho 
the  infected  tissue  itself,  were  called  "  vaccines  " 
Pasteur,  and  modifications  of  his  method  have  been 
plied  in  protective  vaccination  against  bo-i-ine  plei 
pneumonia,  chicken  cholera,  rinderpest,  Asiatic  chok 
plague,  and  typhoid  fever.  Early  among  the  attem 
to  effect  therapeutic,  as  distinguished  from  protect! 
results,  by  the  introduction  of  bacterial  substam 
were  those  of  Robert  Koch,  whose  tubercuHn  treatm 
of  human  tuberculosis  was  a  .step  in  the  right  directi 
and  only  unsuccessful,  as  it  now  appears,  through  err 
in  its  detail. 

At  the  same  time  that  Pasteur  and  his  followers 
monstrated  the  possibilities  of  protective  bacterial 
oculation,  Buchner  and  many  after  him  brought  to  li| 
the  important  part  played  by  the  blood  serum  in  i 
munity,  while  Metchnikoff  and  his  school  made  pi 
the  important  role  of  the  protective  body  cells  or  pha 
cytes,  in  the  defence  of  the  animal  organism  agai: 
microparasites. 

It  was  at  this  stage  in  the  development  of  micropa 
sitology  that  Sir  Almroth  T,.  Wright  began  the 
searches  from  which  developed  the  now  famous  the( 
of  opsonins  and  the  practice  of  therapeutic  bacterial 
oculation.  As  pathologist  of  the  Army  l\i:edical  Schc 
Netley,  Wright's  first  coasiderable  problem  was  that 
protective  antityphoid  inoculation,  his  earliest  pi 
lished  report  upon  it  bearing  the  date  September  19 
1896.  Studying  the  eiffects  of  these  antityphoid  inoi 
lations ;  finding  that  agglutinative  and  bactericidal  pi 
nomena  could  be  induced  in  human  blood  serum  by  t 
subcutaneous  injection  of  devitalized  typhoid  bacilli, 
earlier  workers  had  shown ;  endeavoring  to  discovei 
means  of  measuring  the  reactions  produced  by  anti- 
phoid  inoculations,  and  of  accurately  standardizing  t 
bacterial  vaccine,  Wright  step  by  step  pursued  the 
vestigations  leading  to  the  discovery  of  therapeutic  b: 
terial  inoculation ;  and  later  still,  with  Douglas,  to  t 
discovery  of  the  opsonic  action  of  the  blood  serum. 
March,  1902,  Wright,  made  public  his  first  paper  deali 
with  "  the  treatment  of  furunculosis,  sycosis,  and  ac 
by  the  inoculation  of  a  staphylococcus  vaccine,  and  gf 
erally  on  the  treatment  of  localized  bacterial  invasic 
by  therapeutic  inoculations  of  the  corresponding  bi 
terial  vaccines  ";  and  after  the  interval  of  more  than 
year,  in  October,  1903,  he  and  Douglas  announced  t 
disco\'ery  of  that  special  class  of  protecti\-e  substan( 
—■opsonins.  From  this  period  numerous  reports 
A^'right  and  his  immediate  associates  have  been  record 
in  the  medical  literature  of  Great  Britain,  and,  duri 
the  last  year  especially,  similar  reports  have  appear 
in  the  United  States. 

It  is  well  to  recall  in  passing  that  AVright's  func 
mental  practice  of  therapeutic  bacterial  inoculation  re, 
upon  the  >\'ork  of  numerous  previous  investigate 
being,  indeed,  but  the  wider  application  of  metho 
already  in  vogue;  and  further,  that  he  successfu 
practised  therapeutic  bacterial  inoculations  before  t 
opsonic  action  of  the  blood  .serum  was  discovered, 
the  opsonic  index  perfected ;  as  one  may  see  in  t 
first,  publication  dealing  with  therapeutic  inoculatio: 
in  which  a  standard  of  bactericidal  action  is  offered 
a  means  of  gauging  the  effect  of  bacterial  vaccines.  B 
convinced  of  the  value  of  bacterial  inoculations,  a 
satisfied  by  large  experience  of  his  ability  to  use  th( 
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substances  safely,  Wright  rapidly  extended  their  field 
of  usefulness ;  at  the  same  time  modifying  these  vac- 
cines as  to  dosage  and  time  of  inoculation  in  a  manner  to 
give  a  new  and  succes.sful  impetus  to  a  mode  of  practice 
previously  recognized,  but  not  perfected  as  to  most  essen- 
tial details. 

The  Theory  of  OpsoNTisis. — Brought  to  its  simplest 
terms,  Wright's  theory  of  opsonins  holds  that,  among 
other  protective  substances,  the  blood  serum  contains 
one,  opsonin  (from  brjxjvtu,  I  convert  into  palatable 
pabulum),  that  acts  upon  pathogenic  bacteria  in  such 
a  manner  as  to  prepare  them  for  destruction  by  the 
protective  body  cells  or  phagocytes,  principal  among 
which  ai'e  the  multinuclear  leucocytes. 

The  contention  of  Wright  and  Douglas  that  opsonin 
is  a  distinct  ingredient  in  blood  serum,  with  properties 
to  distinguish  it  from  other  such  protective  or  immimiz- 
ing  products  as  baeteriocidins,  bacteriolysins,  aggres- 
sins,  and  agglutinins,  is  now  gradually  admitted ;  as  is 
their  claim  that  opsonic  action  is  directly  effective 
through  a  union  of  the  opsonin  with  the  bacterium  as  a 
preliminary  to  phagocytosis,  and  that  this  effect  is  not 
a  stimulating  one  as  concerns  the  phagocytes,  nor  one 
that  directly  deprives  the  bacterium  of  its  vitality. 

Some  comparatively  simple  experiments  suffice  to 
demonstrate  the  presence  of  opsonin  in  the  blood.  First, 
there  is  taken  a  portion  of  freshly  'shed  human  blood 
and  an  equal  portion  of  a  suspension  in  physiological 
salt  solution  of  a  certain  pathogenic  bacterial  organism, 
say,  specifically,  Staphylococcus  auretis.  These  portions 
are  mixed  and  subjected  to  a  fifteen-minute  sojourn  at 
incubator  temperature.  Stained  smears  of  the  mixture 
are  examined  microscopically  after  incubation,  and  the 
well-known  phenomenon  of  phagocytosis  is  brought  to 
light ;  that  is  to  say,  the  polynuclear  leucocytes  will  be 
found  to  have  ingested  the  micro-organisms.  It  was  at 
this  point  in  the  experiment  that  tho.-^e  who  advocated 
the  theory  of  phagocytosis  per  se  were  content  to  rest. 
But  a  modification  of  the  experiment  serves  to  demon- 
strate the  ineffectiveness  of  the  leucocytes  alone.  Fresh 
human  blood  is  caught  in  a  decalcifying  physiological 
salt  solution,  and  by  a  process  whose  detail  is  described 
below  the  blood  cells,  including  the  leucocytes,  are 
■washed  free  from  plasma  which,  of  course,  incorporates 
the  serum.  Such  "  washed  "  leucocytes,  when  mixed 
with  a  suspension  of  staphylococcus  and  incubated,  ex- 
hibit an  indifference  to  the  microbes  quite  as  striking  as 
the  greedy  deportment  of  their  fellows  in  the  first  ex- 
periment. If  phagocytosis  takes  place  at  all,  it  is  ex- 
traordinarily limited  in  degree.  Still,  a  third  experi- 
ment serves  to  show  that  the  well-marked  phagocytosis 
in  the  original  test  is  dependent  on  one  factor  in  addi- 
tion, to  the  vitality  of  the  leucocytes ;  that  is,  the  action 
of  something  in  the  blood  serum.  For  if  to  the  mixture 
of  washed  leucocytes  and  staphylococcus  suspension, 
serum  of  recently  coagulated  human  blood  be  added, 
phagocytosis  proceeds  as  in  the  first  test  with  whole 
blood.  Hereby  we  obtain  a  demonstration  of  the  op- 
sonic action  of  the  blood  serum,  by  which  is  meant  its 
effect  of  preparing  the  microbe  for  phagocytosis,  and 
hence  the  derivation  of  the  word,  opsonin.  By  what 
experiments  it  was  shown  that  opsonins  are  special  and 
distinctive  ingredients  of  blood  serum,  and  that  they 
are  concerned  wherever  active  phagocytosis  (whether 
of  bacteria  or  blood  cells)  goes  on,  cannot  here  be  dis- 
cussed. Suffice  it  to  repeat  that  the  fact  of  opsonic  ac- 
tion and  the  presence  of  opsonins  is  generally  admitted. 

Normal  and  Immune  Opsonins. — With  the  discovery 
of  opsonins  came  the  efforts  to  establish  their  relation- 
ship to  various  pathogenic  bacterial  species.  Were  op- 
sonins specific,  that  is  to  say,  did  they  possess  predilec- 
tion for  certain  bacterial  species,  or  were  they  universal 
in  relation  to  all  disease-producing  microbes?  It  was 
discovered  that  opsonic  and  phagocytic  action  were 
particularly  active  with  those  bacterial  species  belong- 
ing to  the  pyogenic  group ;  and  at  first  it  was  believed 
that  special  and  distinct  opsonins  for  the  various  mi- 
crobic  groups  resided  in  normal  serum.     More  recently. 


under  the  impulse  of  extensive  investigations,  this  view 
has  been  abandoned,  and  instead  it  is  held  that  the 
blood  serum  of  a  non-infected  individual  contains  a  nor- 
mal or  common  opsonin  which  is  effective  alike  against 
various  bacteria,  and  which  is  distinguished  by  being 
thermolabilc,  that  is,  of  losing  its  effect  on  heating  the 
serum  containing  it  for  ten  minutes  at  60°  C.  When, 
however,  infection  with  a  certain  microbe  takes  place 
spontaneously,  or  when  the  phenomenon  of  infection  is 
artificially  produced  by  inoculation  of  this  microbe,  even 
though  killed  by  regulated  heating,  opsonin  with  a  spe- 
cial affinity  of  that  particular  microbe  makes  its  appear- 
ance in  the  blood  serum.  These  are  the  immune  or  spe- 
cific opsonins,  and  are  further  differentiated  by  being 
thermostahle  under  the  conditions  above  mentioned. 

The  Nature  oj  Opsonins. — With  the  testimony  of  care- 
ful experiments  indicating  the  presence  of  special 
ingredients  or  opsonins  in  the  blood  serum,  and  the  fun- 
damental role  of  such  opsonins  in  the  process  of  phago- 
cytosis, one  naturally  inquires  as  to  the  more  intimate 
nature  of  these  important  substances.  Viewed  from  the 
standpoint  of  Ehrlich's  side-chain  theory,  for  instance, 
what  place  is  to  be  assigned  to  the  opsonins?  What  re- 
lation do  they  bear  to  antitoxins,  agglutinins,  precipi- 
tins, lysins,  and  other  antibodies  whose  peculiarities 
have  been  investigated  under  the  impetus  of  Ehrlich's 
hypothesis?  Are  they  identical  with,  or  different  from, 
other  known  antibodies?  And  what  is  their  structure 
as  compared  with  more  familiar  substances?  On  this 
head  the  vie^vs  of  investigators  are  still  in  discord.  By 
some  it  is  held  that,  since  opsonin  is  destroyed  by  heat, 
its  structure  is  similar  to  that  of  complement^  and  toxins. 
Again,  it  is  maintained  that  the  thernaolabile  opsonins 
of  normal  serum  belong  to  the  group  of  complements, 
while  the  thermostable  opsonin  of  immune  serum  pos- 
sesses the  comparatively  specific  character  of  antibodies 
in  general.  And  further,  it  is  asserted  that  since  even 
normal  opsonins,  after  loss  of  their  power  through  heat- 
ing, may  have  it  restored  or  reactivated  by  addition  of 
dilute  unheated  serum,  they  have  a  structure  similar  to 
hasmolysins  and  bacteriolysins,  and  depend  for  their 
qualities  on  the  combined  action  of  a  thermostable  por- 
tion, or  amboceptor,  and  a  thermolabile  portion,  or  com- 
plement. 

Opsonins  and  Infection. — With  the  refinement  of 
method  perfected  by  Wright  and  Douglas  it  becomes 
possible  to  measure  with  considerable  accuracy  the  op- 
sonic power  of  a  given  blood  serum ;  the  method  is  one 
in  which  the  opsonic  value  of  two  or  more  serums  is 
compared,  giving  the  "  opsonic  index,"  the  details  in 
the  prosecution  of  which  test  are  presently  to  be  de- 
scribed. As  studied  by  the  opsonic  index  certain  im- 
portant facts  in  relation  to  bacterial  infections  have  been 
disclosed,  chief  among  which  is  that,  in  a  localized  in- 
fection with  one  of  the  several  bacterial  species  of  the 
pyogenic  group,  the  opsonic  index  is  below  normal. 
Sometimes  in  generalized  infection  the  opsonic  index  is 
low,  again  high.  The  bearing  of  this  varying  opsonic 
index,  and  of  the  fluctuations  that  may  be  artificially 
induced  in  a  given  infection,  will  be  more  fully  consid- 
ered under  the  head  of  autoinoculation.  But  this  is  the 
point  at  which  to  emphasize  the  crucial  feature  of  all 
this  new  work,  viz.,  that  the  opsonic  index  seems  to  fur- 
nish a  trustworthy  guide,  to  the  immunizing^  responses 
which  the  infected  organism  is  making  in  its  combat 
against  microbic  infection.  Expressed  otherwise,  it  is 
to  say  that  the  opsonic  index  gives  to  the  physician  «, 
means  of  measuring  the  resistance  of  the  patient  suffer- 
ing from  an  infection,  and  of  determining  whether  na- 
ture, unaided  by  artificial  agencies,  is  waging  a  success- 
ful or  unsuccessful  struggle  against  that  infection. 

Opsonins  and  Bacterial  Inoculations. — Besides  the 
specific  ■  reactions  aroused  in  the  opsonic  power  of  the 
blood  by  infection  with  specific  microbes,  there  is  a 
method  of  reproducing  a  similar  phenomenon  by 
artificial  inoculation  of  the  micro-organisms.  To  the 
inoculating  substance,  consisting  essentially  of  the 
devitalized  bacteria  in  a  fluid    suspension,  the    name 
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"  vaccine  "  has  been  given  by  Wright,  though,  as  has 
been  pointed  out,  the  term  is  unfortunate  because  of  its 
generally  accepted  usage  in  connection  with  the  Protec- 
tive virus  of  smallpox,  and  it  is  nmch  to  be  desired  that 
a  substitute  less  clumsy  than  "opsonogen,"  and  more 
euphonic  than  "  bacterin,"  be  settled  upon.  At  any 
rate,  the  subcutaneous  injection  of  such  vaccines  is  ac- 
companied by  a  series  of  events  which  can  be  followed 
with  the  aid  of  the  opsonic  index.  It  can  be  shown,  for 
instance,  that  these  artificial  inoculations  arouse  spe- 
cific or  immune  opsonins  corresponding  to  the  bacterial 
species,  and  further,  if  not  used  in  too  small  a  dose,  nor 
one  abnormally  excessive,  are  accompanied  with  a  well- 
defined  wave  of  immunizing  response.  Thus  the  imme- 
diate effect  is  the  lowering  of  the  opsonic  index  as  com- 
pared with  normal  serum,  and  this  period  of  low  opsonic 
content,  accompanied  as  it  usually  is  by  some  adverse 
constitutional  reactions  like  languor,  headache,  chilli- 
ness, and  slight  fever,  has  been  "appropriately  styled  a 
"negative  phase."  After  an  interval  of  hours  or  days, 
the  wave  of  immunity  mounts  to  and  above  the  normal, 
constituting  the  "  positive  phase,"  reaching  the  highest 
point  or  "  high  tide  "  of  immunity.  After  a  further  in- 
terval, varying  with  different  bacteria  and  according  to 
dosage  and  other  circumstances,  the  index  falls  once 
more  and  reaches  the  normal. 

Opsonins  and  Therapeutic  Immunization. — Such  facts 
as  have  already  been  discussed  have  an  interest  to  the 
worker  in  pure  science,  but  there  is  another  aspect  of 
the  theory  of  opsonins  that  comes  home  to  the  practis- 
ing physician  with  an  immediate  appeal.  This  con- 
cerns the  vitally  important  discovery  that  the  machin- 
ery of  immunization  in  man  can  be  set  in  motion  by 
bacterial  vaccines,  not  only  experimentally  as  just  de- 
scribed, but  in  the  midst  of  an  existing  infection,  and  by 
this  agency  there  can  be  aroused  new  impulses  of  a 
therapeutic  tendency.  Or,  in  other  words,  curative  im- 
munity may  be  artificially  stimulated  through  thera- 
peutic bacterial  inoculations.  Compared  with  the  other 
and  more  controversial  features  of  Wright's  contribu- 
tions, this  one,  of  reviving  and  placing  on  a  satisfactory 
basis  the  practice  of  therapeutic  bacterial  immuniza- 
tion, is  his  really  great  achievement. 

Gauged  by  the  opsonic  index,  therapeutic  bacterial 
inoculations,  in  the  event  of  a  satisfactory  response, 
show  the  same  wave  as  has  been  mentioned  in  connec- 
tion with  experimental  artificial  injection  of  bacterial 
vaccine.  There  comes  at  the  outset  the  fall  of  opsonic 
power,  or  negative  phase,  and  with  it  more  or  less  con- 
stitutional disturbance,  and  at  times  temporary  aggra- 
vation of  the  localized  infection  if  such  is  under  treat- 
ment. Now  follows  the  rising  wave  of  the  posit  ive  phase, 
with  constitutional  betterment  and  improvement  in 
local  lesions.  Before  the  immunizing  wave  has  again 
receded  too  far,  a  second  inoculation  is  performed  with 
another  characteristic  rebound;  and  so  on  until  a.  sus- 
tained "  high  tide  "  is  produced,  or  until  recovery  has 
been  effected. 

Correct  dosage  and  proper  spacing  of  bacterial  inocu- 
lations are  vitally  essential  to  successful  therapeutic 
immunization,  and  as  a  guide  to  this  desired  end  the 
opsonic  index  is  recommended  by  Wright  and  his  im- 
mediate followers  as  indispensable.  Very  elaborate  charts 
representing  a  frequent  measurement  of  the  opsonic  in- 
dex are  presented,  involving,  as  any  one  knows  who  has 
qualified  himself  in  the  technique  of  the  opsonic  index, 
an  immense  amount  of  labor.  Indeed,  many  recent 
contributions  to  the  literature  of  practical  opsonic  ther- 
apy abound  in  beautiful  charts,  and  exhibit  a  dearth 
of  interesting  and  important  clinical  details,  .\e\-erthe- 
less  it  is  a  fact,  well  established  by  those  who  have  chosen 
to  pursue  the  practice  of  therapeutic  immunization 
without  the  guide  of  the  op.sonic  index,  that  eminently 
satisfactory  results  can  l)e  secured  in  many  morbid  af- 
fections of  microbic  origin  by  inoculations  guided  by 
symptomatic  indications,  or  at  intervals  previously  de- 
termined by  Wiight  or  others  using  the  opsonic  index. 

The   Hypothesi.s   of   Auto-inoculatiox. — An  out- 


growth of  Wright's  studies  upon  opsonins  is  the  li 
indirectly  shed  upon  the  spontaneous  efforts  of  the 
man  organism  to  meet  and  combat  bacterial  infect 
and  the  recent  communications  by  this  investigator 
occupied  by  an  elaboration  of  his  theory  of  auto-inoci 
tion.  According  to  these  views,  nature  protects 
animal  organism,  in  event  of  an  infection,  by  auto-ii 
ulation;  which  is  to  say  that,  from  the  infective  foi 
bacteria  or  their  products  are  set  free  in  such  a  man 
as  to  evoke  an  immunizing  response,  and  the  succesi 
failure  of  this  spontaneous  auto-inoculation  is  eviden 
by  the  successful  or  unsuccessful  issue  of  the  disei 
Take  typhoid  fever,  for  instance.  A  con-stant  self-j 
erated  inoculation  with  the  typhoid  bacilli  or  tl 
products  is  going  forth,  one  of  the  earlie.st  manifes 
tions  of  which  is  the  heightened  agglutinative  activ 
of  the  infected  individual's  blood  serum;  and  full 
covery  is  achieved  only  when  these  natural  inoculati 
have  aroused  the  immunizing  machinery  to  a  point  i 
ficiently  high,  and  long  enough  sustained  to  permi 
conquest  of  the  invading  microbe.  Imperfect  respo 
is  heralded  by  clinical  fluctuations,  and  failure  eve 
uates  in  death  of  the  typhoid-infected  host.  Cont« 
plated  from  a  similar  attitude  it  becomes  clear  why  tr 
matic  and  surgical  infective  diseases  run  their  vary 
course  from  slight  localized  transient  reactions  to 
rapidly  fatal  septicaemias,  or  the  tedious,  spreading,  s 
purative  processes  of  chronic  pus-microbe  disease, 
is  explainable  why  one  individual  will  have  a  single 
runcle  and  escape,  while  his  fellow  will  find  the  first  1 
but  the  preparation  of  a  long-continued  series ;  or  ti 
some  excesF,  like  alcoholic  overindulgence,  will  ca 
the  appearance  of  a  few  passing  pimples  on  one  perso 
skin,  while  in  another  an  acne  once  established  becor) 
extensive  and  chronic. 

With  the  guide  of  the  opsonic  index  the  phenomer 
of  auto-inoculation  seems  opened  to  satisfactory  inv 
tigation  in  a  manner  heretofore  impossible,  for  it 
asserted  that  the  specific  immune  opsonins  of  the  parti 
lar  active  microbe  respond  in  a  characteristic  and  dem( 
strable  manner  under  the  impulse  of  spontaneous  au 
inoculations;  just  as  they  vary  and  can  be  measui 
under  the  stimulus  of  the  artificial  inoculation  ol 
specific  bacterial  vaccine. 

It  has  long  been  recognized  that  various  extrane( 
influences  modify  the  course  of  an  existing  infectl 
Upon  a  basis  of  such  observations  are  founded  vari( 
therapeutic  practices,  like  the  use  of  hot  fomentati( 
for  regional  inflammatory  manifestations,  of  active 
passive  movement  of  inflamed  joints,  of  massage, 
thermal  or  radiant  treatment,  and  of  passive  hyperser 
by  the  method  of  Bier.  '\'igorous  scrubbing  with  strc 
soap  and  hot  water  when  directed  against  acne  or 
runculosis  occasionally  succeeds  admirably,  and  so  i 
with  the  method  still  in  vogue  in  some  quarters,  of  foi 
bly  squeezing  and  crushing  the  individual  lesions  in 
acne  or  furuneulosis.  Such  occasional  successes, 
terms  of  the  new  hypothesis,  simply  herald  a  favora 
auto-inoculation  produced  by  artificial  means ;  the  b 
teria  or  their  products  being  dissipated  in  such  a  man 
as  to  reproduce  what  happens  when  a  proper  dose  of  i 
corresponding  bacterial  vaccine  has  been  inoculated. 

Unhappily,  however,  there  are  many  instances  of 
effective  or  vicious  auto-inoculation  both  spontane( 
and  artificial.  Witness,  for  example,  the  steady  dov 
ward  progress  of  many  a  victim  of  chi-onic  empyer 
with  all  the  manifestations  of  a  continuous  "  negat 
phase."  And  how  many  melancholy  cases  the  ph; 
cian  can  recall  of  patients  with  pulmonary  or  joint  tub 
culosis,  whose  downward  trend  was  precipitated  by 
judicious  exertion,  or  too  energetic  a  treatment 
massage,  passive  hypera?mia,  or  wh.at  not!  On  the  < 
hand  we  have  illustrated  a  spontaneous  vicious  au 
inoculation,  and  the  other  typifies  vicious  artifi( 
auto-inoculation,  in  which  exercise,  massage,  and 
duced  hyperfemia  are  the  artificial  agents. 

Artificial  Auto-inoculation  and  Opsonic  Diagnosis 
Not  only  may  the  phenomena  of  spontaneous  and  a 
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ficial  auto-inoculation  be  verified  through  the  agency  of 
the  opsonic  index,  but,  as  now  appears  from  the  most 
recent  contributions  by  Wright,  the  problem  of  the 
nature  of  an  infection  of  unknown  oritin,  or  of  the  exist- 
ence of  a  suspected  but  invisible  local  infective  focus, 
may  he  solved.  And,  fxirthermore,  diagnosis  may  not 
only  be  assisted  by  means  of  artificial  auto-inoculation 
and  opsonic  evaluations,  but  aid  in  prognosis  is  also 
obtainable. 

Given,  for  example,  a  case  of  chronic  arthritis,  -whose 
bacteri.al  factor  is  not  clear  and  where  the  suspicion 
rests  between  the  gonococcus  and  staphylococcus.  The 
opsonic  index  for  these  two  bacterial  species  would  be 
taken  with  the  affected  joint  at  rest,  and  again  at  inter- 
vals of  one-half,  two  to  four,  twelve  to  twenty-four,  and 
thirty-six  hours  after  massage,  or  exercise,  or  passive 
hyperemia.  The  index  for  both  organisms  rem.aining 
practicallj'  constant  tliroughout  these  examinations,  one 
would  rule  out  both  bacterial  species  as  responsible 
agents.  But  with  a  considerable  fluctuation,  say,  of 
the  gono-opsonic  index,  usually  in  the  direction  of  a  rise 
after  artificial  auto-inoculation,  a  diagnosis  of  gonorrhoeal 
artliritis  would  be  made. 

Or  let  us  assume  that  we  have  been  treating  a  local- 
ized tuberculous  lesion,  and  that  the  question  arises  as 
to  whether  success  has  been  attained,  and  whether  the 
infective  focus  is  extinct.  A  tuberculo-opsonic  index 
should  be  taken  with  the  patient  at  rest,  and  again  at 
intervals  after  artificial  auto-inoculation  set  up  by  exer- 
cise, manipulation,  or  other  suitable  means  adapted  to 
the  particular  condition.  An  unchanged  index  would 
argue  for  recovery  and  freedom  from  restraint,  while  a 
fluctuation  would  justify  the  suspicion  that  a  smoulder- 
ing infection  still  persisted. 

Technique  or  the  Opsonic  Index. — In  the  evalua- 
tion of  the  opsonic  power  of  the  blood  comparison  is 
made  between  the  serum  of  the  affected  individual  and 
that  of  one  or  several  ("  pool  ")  presumably  normal  in- 
dividuals. The  value  of  a  single  serum,  or,  in  other 
words,  its  capacity  to  stimulate  phagocytosis,  is  termed 
its  "  phagocytic  index."  The  comparison  of  the  pha- 
gocytic index  of  a  serum  of  unknown  potency  with  the 
phagocytic  index  of  one  of  several  presumably  normal 
serums,  the  value  of  the  latter  being  taken  as  unity, 
gives  the  "  opsonic  index."  Several  steps  are  inci- 
dental to  the  procedm-e  of  measuring  the  opsonic  index, 
as; 

(a)  Collecting  Ihe  Serum. — One  may  select  the  lobe  of 
the  ear  which  is  punctured,  as  in  obtaining  blood  for  hse- 
matological  study,  or  the  finger  tips  as  the  source  of  the 
blood  whose  serum  is  to  be  secured  and  tested.  Chil- 
dren or  nervous  adults  who  dislike  to  witness  the  trivial 
operation  of  drawing  blood  may  be  accommodated  by 
having  their  ear  lobes  punctured.  But  ordinarily  the 
index  finger  is  chosen,  previously  cleansed,  and  rendered 
hyperaemic  by  winding  from  its  base  to  the  last  joint  a 
narrrow  muslin  bandage,  or  better  still,  a  thin  rubber 
bandage  such  as  is  used  in  Bier's  method  of  producing 
passive  hypera^mia.  The  congested  finger  tip  is  punct- 
m-ed  at  the  side  of  the  nail-bed  with  a  lancet,  or,  as  is 
done  by  Wright,  with  the  sharp  tip  of  the  blood  capsule. 

The  receptacle  for  the  flowing  blood  is  the  ingeriious 
blood  tube  or  blood  "  capsule  "  of  Wright,  which  is  il- 
lustrated at  actual  size  in  several  of  his  articles.  It  is  a 
glass  tube  about  5  mm.  in  calibre,  6  cm.  in  length  as 
ready  for  use,  and  with  a  capacity  of  some  ten  or  fifteen 
drops  of  blood.  It  terminates  by  one  extremity  in  a 
straight  constricted  point  (the  stabbing  end),  and  at 
the  other  is  drawn  into  a  capillary,  U-shaped  tube.  At 
the  moment  of  collecting  the  blood  both  tips  of  the  cap- 
sule are  broken  off,  and  the  orifice  of  the  U-shaped  ex- 
tremity is  applied  in  contact  with  the  escaping  blood, 
which,  in  virtue  of  the  capillarity  of  the  U-shaped  limb, 
is  sucked  through  it  and  into  the  body  of  the  capsule. 
As  soon  as  sufficient  blood  to  fill  the  capsule  pne-half  or 
two-thirds  has  been  automatically  aspirated  into  it,  the 
orifice  of  the  straight  end  is  sealed  in  a  flame,  the  tube 
being  grasped  between  thumb  and  finger  in  such  a  man- 
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ner  as  to  insure  no  excessive  heat  reaching  the  column 
of  blood.  The  vacuum  occasioned  by  the  cooling  of  the 
sealed  end  should  suffice  to  draw  the  mass  of  blood  into 
the  capsule  sufficiently  far  to  empty  the  U-shaped  ex- 
tremity, by  which  the  capsule  is  now  grasped  and  sharp- 
ly swung  in  such  a  manner  as  to  drive  the  blood  in  mass 
to  the  closed  straight  end.  At  this  stage  of  the  pro- 
cedure the  tube  is  to  be  laid  aside  for  the  spontaneous 
contraction  of  the  clot  and  separation  of  the  serum, 
which  can  be  hastened  by  incubator  temperature;  or 
it  can  be  transported  from  the  bedside  to  the  laboratory. 
Finally  the  serum  is  separated  by  centrifuging,  at  a  suf- 
ficient speed;  the  U-shaped  end  of  the  blood  capsule 
serving  as  a  handle  by  which  it  is  hooked  over  the  edge 
of  the  metal  tube-shield  of  the  centrifuge. 

Both  for  separating  the  serum  and  for  washing  blood 
to  obtain  corpuscles  one  may  employ  a  hand  centrifuge, 
though  more  satisfaction  will  be  experienced  with  a 
power  centrifuge  (electric  or  water,  the  latter  operating 
well  with  compressed  air  when  this  is  available). 

(6)  Washing  the  Corpvscles. — It  is  essential  that  hu- 
man blood  corpuscles,  washed  free  from  serum,  be  se- 
cured, for  here  we  obtain  the  leucocytes  whose  phago- 
cytosis is  to  be  studied  in  the  presence  of  various  serums 
afterward  added,  along  with  the  emulsion  of  the  bac- 
terium in  question.  For  purposes  of  clinical  usage  the 
blood  of  any  healthy  person  who  is  not  fatigued  may  be 
used  for  washing.  Preference  is  given  to  the  finger  tip, 
artificially  congested  by  bandaging  the  member  distally, 
as  its  source.  One  should  stab  beside  the  finger-nail  so 
that,  with  adequate  hyperfemia,  large  drops  of  the  blood 
to  the  number  of  ten  or  fifteen  exude  and  fall  spontane- 
ously from  the  finger-tip,  rather  than  by  coaxing  with 
additional  pressure  or  by  applying  the  tube  to  the  finger. 
These  are  the  ''  honest  drops  "  of  the  opsonist;  and 
such  honest  drops  to  the  number  just  indicated  are  al- 
lowed to  fall  directly  into  a  narrow  test  tube  containing 
5  to  15  c.c.  of  a  decalcifying  (coagulation-preventing) 
normal  salt  solution,  made  by  adding  to  0.S5  per  cent, 
solution  of  sodium  cliloride  in  distilled  water  sodium 
citrate  in  the  proportion  of  1  per  cent.  As  the  blood 
drops  into  the  tube  of  decalcifying  solution  it  is  gently 
agitated  to  effect  an  even  distribution,  until  the  requisite 
amount  has  been  obtained.  This  mixture  of  blood  and 
decalcifying  fluid  is  now  centrifuged  at  such  a  speed  as 
to  sediment  the  mass  of  blood  corpuscles,  but  not  with 
so  excessive  a  rotation  as  compactly  to  jam  the  corpus- 
cles to  the  bottom  of  the  tube,  resulting  in  the  distor- 
tion or  disruption  of  leucocytes.  Properly  performed 
this  manoeuvre  takes  about  five  minutes,  and  drives  the 
blood  corpuscles  out  of  the  mixture  in  such  a  manner 
as  to  leave  in  the  uppermost  layer  the  majority  of  the 
white  blood  corpuscles,  making  the  so-called  leucocyte 
"  cream."  With  a  pipette  of  proper  calibre  the  super- 
natant solution  is  now  aspirated  from  the  sediment  of 
blood  corpuscles,  leaving  them  and  their  cream  undis- 
turbed. One  washing,  such  as  has  just  been  described, 
suffices  to  free  the  corpuscles  from  their  own  serum, 
though  for  double  assurance  one  may,  after  the  first 
washing,  perform  a  second  with  plain  normal  salt  solu- 
tion. For  convenience  the  uppermost  layer  of  corpus- 
cles, or  cream,  is  carefully  aspirated  and  set  apart  for 
earl}'  use,  before  which  it  is  gently  agitated  to  insure  an 
even  mi.xture  of  its  elements,  consisting  of  the  bulk  of 
leucocytes  from  the  sedimented  blood  mixed,  of  course, 
with  red  cells. 

(c)  Making  the  Bacterial  Suspension. — This  prepara- 
tion consists  of  the  bacteria  against  which  the  opsonic 
test  is  to  made,  suspended  in  a  normal  salt  solution, 
free  from  clumps  of  adhering  microbes,  and  of  such  a 
density  as  to  permit  a  sufficient,  but  to  preclude  an  ex- 
cessive, phagocytosis.  That  is  to  say,  the  suspension  is 
to  consist  of  isolated  evenly  distributed  bacteria  in 
proper  numerical  proportion.  In  working  with  danger- 
ous bacterial  species,  e.g.,  the  tubercle  bacillus,  the  or- 
ganisms may  be  devitalized  by  heat,  though  ordinarily 
this  precaution  is  not  taken.  The  technique  of  these 
suspensions  varies  somewhat  according  to  the  nature  of 
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the  particular  microbe  as  to  the  coherence  of  the  mass 
in  culture,  and  the  permanence  of  stainable  forms.  Thus 
with  the  pyogenic  staphylococci  the  making  of  a  smooth 
suspension  by  simple  agitation  and  centnfugmg  is  or- 
dinarily an  easy  task,  and  these  suspended  cocci  retain 
their  staining  capacity  for  at  least  two  days.  Tubercle 
bacilli,  on  the  other  hand,  cohere  most  tenaciously,  so 
that  extreme  efforts  are  required  to  obtain  smooth  sus- 
pensions, but  they  have  the  property  of  indefinitely  re- 
sponding to  the  appropriate  stam.  Gonococci  and 
meningococci,  because  of  their  tendency  toward  self- 
digestion  (autolysis),  quickly  cease  to  stam  ma  satis- 
factory manner,  hence  their  suspensions  must  be  made 
from  young  cultures  on  ascites-agar,  and  used  without 
delay.  With  the  exception  of  tubercle  bacilli,  gonococci, 
and  meningococci,  cultures  on  agar  or  coagulated  blood 
serum  (preferable  for  streptococcus  and  pneumococcus), 
of  twelve  to  twenty-four  hours'  incubation,  are  used  to 
prepare  suspensions. 

From  the  slanting  surface  of  the  culture  medium  the 
bacteria  are  washed  by  application  of  a  few  cubic  centi- 
metres of  normal  salt  solution,  the  rough  suspension  be- 
ing then  withdrawn  from  the  tube.  Further  mixture 
may  be  obtained  by  churning  the  suspension  back  and 
forth  in  a  pipette,  or  it  may  be  advisable  to  aid  the  process 
by  rubbing  the  mixture  between  smooth_  glass  surfaces 
or  in  a  small  agate  or  glass  mortar.  Additional  dilution 
is  now  performed  with  ,5  c.c.  or  10  c.c.  of  normal  salt  so- 
lution and  agitating.  To  threw  out  the  coarse  particles 
the  suspension  is  now  centrifuged,  and  if  the  superna- 
tant suspension  is  still  too  dense,  a  further  dilution  and 
centrifuging  may  be  performed.  A  proper  density  of 
the  suspension  is  important,  for  if  too  large  a  number  of 
the  bacteria  remain,  the  phagocyting  leucocytes  become 
overloaded,  making  enumeration  difficult  or  impossible. 
To  obviate  this  drawback  one  may  count  the  bacteria 
in  the  suspension  (see  below.  Standardizing  B.acterial 
Vaccines)  or,  better  still,  preUminary  opsonic  tests  with 
normal  serum  and  washed  corpuscles  can  be  performed, 
in  order  to  obtain  a  phagocytosis  averaging  five  to  ten 
pyogenic  bacteria  (the  pyogenic  cocci,  colon  and  typhoid 
bacilli)  per  leucocyte,  and  one  or  two  tubercle  bacilli  per 
leucocyte. 

(d)  Preparing  Suspensions  of  Tubercle  Bacilli. — 
Wright  uses  the  bacillary  mass  from  surface  glycerin- 
broth  cultures  of  tubercle  bacillus,  or  the  residue  after 
making  old  tuberculin.  In  my  own  work  I  have  found 
the  surface  growth  on  glycerin-agar  to  answer  well.  The 
mass  of  bacilli  is  freed  from  fluid  by  paper  filtration, 
"washed  on  the  filter  paper,  first  with  water  and  then 
"with  1.5  per  cent,  salt  solution,  and  divided  into  smaller 
portions  which  are  subjected  to  streaming  steam  or  auto- 
clave sterilization  in  suitable  small  flasks  for  three  suc- 
cessive days.  A  globule  of  the  bacillary  mass  not  larger 
than  a  split  pea  is  now  rubbed  with  1.5  per  cent,  salt  so- 
lution until  smooth.  One  or  two  drops  of  the  salt  so- 
lution moistens  the  mass,  followed  by  grinding  for  ten 
minutes,  then  drop  by  drop,  with  intervening  rubbing, 
the  salt  solution  is  added  until  1  c.c.  has  been  reached. 
This  coarse  suspension  is  transferred  to  a  small  narrow 
tube  and  centrifuged  at  high  speed  for  five  minutes  or 
longer.  The  supernatant  suspension  is  now  subjected 
to  an  opsonic  test  with  normal  serum  and  washed  cor- 
puscles. If  the  bacilli  are  evenly  distributed  and  free 
from  clumps,  and  the  phagocytosis  is  more  than  one  or 
two  per  leucocyte,  the  supernatant  suspension  is  sepa- 
rated and  kept  as  a  stock  which  is  diluted  at  the  mo- 
ment of  using  so  as  to  bring  the  phagocytosis  to  the  re- 
quired point  as  determined  by  a  test.  Such  a  .stock 
suspension  may  be  kept  in  the  cold,  and  is  available  for 
at  least  a  week. '  The  original  masses  of  sterilized  cult- 
ure should  be  kept  npoist  in  the  small  flasks,  and  are 
useful  so  long  as  in  this  condition. 

(c)  Mixing  Serum.,  Washed  Corpuscles,  and  Bacterial 
Suspension.— A  mixing  pipette  or  opsonic  pipette  is  re- 
quired for  this  operation.  As  used  by  Wright  and  his 
followers  this  implement  resembles  an  ordinary  glass 
medicine  dropper  with  a  much  elongated  narrow  ex- 


tremity. The  body  of  the  pipette  is  a  tube  5  cm. 
and  about  6  mm.  in  diameter.  Its  elongated  extrei 
measures  10  cm.  to  15  cm.  and  has  a  calibre  of  aboul 
mm.  to  0.8  mm.  For  aspirating  the  components  of 
mixture  one  may  employ  the  ordinary  rubber  bul 
teat  used  with  medicine  droppers.  A  more  satisfac 
device  for  preventing  excessive  suction  is  a  rubber  1 
operated  with  a  small  Hoffman's  tubing  clamp,  c 
rather  elaborate  apparatus  in  which  a  graduated  s( 
makes  pressure  on  the  rubber  diaphragm  of  an 
chamber. 

About  1  or  2  cm.  from  the  attenuated  extremity  oi 
pipette  a  "  fiducial  "  line  is  made  with  a  wax  penci 
pen  and  ink.  The  serum  reposes  in  the  capsule  e 
having  been  centrifuged,  and  is  most  readily  exp( 
by  crushing  the  capsule  at  the  desired  point  with  a 
of  old  bone-cutting  pliers.  A  convenient  receptacle 
the  capsules,  tube  of  washed  corpuscles,  and  tub 
bacterial  suspension  is  a  dish  of  wet  sand.  Havinj 
these  in  readiness  the  procedure  is  to  draw  to  the  n 
on  the  pipette  a  portion  of  the  washed  leucocyte  ere 
then  aspirate  a  short  column  of  air;  then  draw  to 
mark  a  portion  of  the  bacterial  suspension;  now  fo! 
with  a  dividing  column  of  air;  finally  aspirate 
the  mark  a  quantum  of  the  serum  to  be  tested.  Tl 
equal  portions  are  now  to  be  mixed  by  forcing  them 
of  the  pipette  on  a  clean  slide,  drawing  in  and  fori 
out  again.  The  mixture,  without  air  bubbles,  is  fin 
drawn  into  the  pipette,  the  free  extremity  of  whic 
sealed  in  a  flame,  and  the  whole  is  ready  for  the  ii 
bator. 

(/)  Incubating  the  Mixture. — To  facilitate  the  opa 
process  and  phagocytosis  the  mixture  in  the  pipet 
kept  at  a  temperature  of  37.5°  C.  for  fifteen  or  twe 
minutes.  The  pipettes  may  be  placed  in  an  ordinar 
cubator  held  in  a  pasteboard  or  metal  rack,  or  the 
cial  opsonic  incubator  of  Freeman,  consisting  of  a  coj 
water-bath  with  automatic  temperature  regulator 
tubes  for  the  pipettes,  may  be  used.  Since  the  ser 
suspension,  and  corpuscles  tend  to  separate,  it  is  wel 
agitate  the  pipette  gently  once  or  twice  during  incubat 
or  recourse  may  be  had  to  a  mechanical  device  by  wl 
the  tubes  are  rotated  with  a  small  pulley  operated  I 
miniature  water  or  electric  motor. 

ig)  Preparing,  Fixing,  and  Staining  the  Film. — A 
incubation  the  end  of  the  opsonic  pipette  Is  broken 
its  contents  are  mixed  by  forcing  onto  a  clean  slide 
drawing  back  into  the  pipette.  A  drop  of  the  mixi 
suitable  in  size  is  now  placed  near  one  end  of  a  cl 
microscopic  slide  and  spread  as  in  making  a  blood  f 
except  that  the  spread  is  thicker  and  is  purposely  a. 
somewhat  uneven.  A  special  "  spreader,"  consis 
of  a  slide  from  one  end  of  which  the  corners  have  I 
cut  across  or  ground  off,  is  used  for  making  a  film  i 
rower  than  the  slide,  thicker  at  the  starting-point, 
tapering,  tongue-like  and  thinner,  as  the  spread  ] 
ceeds. 

In  the  case  of  tuberculo-opsonic  preparations,  ant 
insure  a  smooth  film  free  from  alternate  heaps  and 
serted  areas,  some  workers  prefer  a  slide  the  cone 
surface  (found  by  testing  the  slide  on  a  perfectly  smt 
surface)  of  which  is  roughened  by  rubbing  with 
emery  paper. 

The  dried  films  in  the  case  of  ordinary  bacteria  ar 
be  fixed  by  flaming;  or,  as  is  the  writer's  practice,  f 
and  given  the  plasmatic  stain  by  treating  with  alcot 
eosin  solution. 

Films  for  tubercle  bacillus  preparations  are  to  be  f 
in  saturated  watery  solution  of  corrosive  sublimate 
about  one  minute,  or  by  immersion  in  wood  alcohol 
several  minutes ;  or  one  may  flood  with  ordinary  a 
hoi  and  ignite  it,  thus  combining  alcoholic  hardei 
with  heat  fixation. 

Staining  of  the  films,  except  in  the  case  of-tuberc 
opsonic  preparotions,  is  performed  by  the  aid  of  e 
and  methylene  blue.  Various  formulas  in  which  t 
anilins  are  combined  in  a  single  solution  like  L( 
man's  or  J.  H.  Wright's  stains,  can  be  employed, 
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the  operations  performed  according  to  the  usual  direc- 
tions for  staining  blood  preparations.  Or  the  eosin  and 
blue  can  be  used  separately,  as  is  the  writer's  practice; 
alcoholic  eosin  (eosin,  alcohol-soluble,  Griibler,  one 
per  cent,  in  ninety-five  per  cent,  alcohol")  is  first  ap- 
plied to  fix  and  stain  the  film,  which  is  next  washed  in 
water  and  then  stained  with  a  one-per-oent.  solution  of 
methylene  blue  (preferably  the  methylene  blue  after 
Ehrlich,  of  Griibler).  After  staining,  the  films  are  dried 
and  mounted  in  balsam,  or  examined  in  oil  with  the  oil 
immersion  lens,  without  covering. 

Tuberculo-opsonic  films  are  first  stained  in  hot  carbol- 
fuchsin  several  minutes,  washed  in  water,  decolorized  in 
two-and-one-half-per-cent.  sulphuric  acid  aqueous  mix- 
ture a  few  seconds,  washed  in  water,  further  treated 
with  five-per-cent.  acetic  acid  for  a  few  seconds,  washed 
thoroughly,  and  counterstained  a  few  seconds  with 
methylene  blue  (1  gm.  rubbed  in  1  c.c.  absolute  alcohol, 
to  which  "  mud  "  is  added  200  c.c.  of  a  0.1-per-cent.  so- 
lution of  sodium  hydrate,  and  the  whole  filtered).  This 
is  the  method  advised  by  A.  E.  Wright. 

(h)  Covniing  and  Defcrminwg  the  Index. — With  the 
low  power  of  the  microscope  the  finished  opsonic  prep- 
aration is  scanned,  and  the  area  in  which  the  white  cells 
are  numerous,  generally  the  ends  of  the  film,  is  located, 
whereupon  the  immersion  lens  is  focussed.  The  next 
task  is  to  count  the  bacteria  englobed  by  the  polynu- 
clear  leucocytes,  so  as  to  strike  the  average.  With  the 
pyogenic  bacteria  it  is  generally  sufficient  to  count  the 
bacteria  in  twenty-five  white  cells,  but  with  tubercle 
bacilli  fifty  to  one  hundred  cells  are  included  in  the 
count.  The  average  per  leiicocyte  obtained  by  these 
counts  gives  the  phagocytic  index  for  the  serum  under 
observation.  To  obtain  the  opsonic  index  a  control 
preparation,  with  individual  normal  serum  or  pooled 
normal  serums,  is  simultaneously  carried  through  all 
the  stages  just  described. 

The  phagocytic  index  of  the  normal  serum  is  obtained 
by  the  same  count  and  average  as  for  the  serum  in  ques- 
tion. The  opsonic  index  represents  the  ratio  which  the 
phagocytic  indices  of  the  two  serums  bear  to  each  other, 
the  phagocytic  index  of  the  normal  serum  being  taken 
as  unity.  It  is  obtained  by  the  following  proportion — 
the  phagocytic  index  of  the  normal  serum :  the  phago- 
cytic index  6f  the  serum  in  question  : :  1  :  x.  For  ex- 
ample, assume  that  the  staphylo-opsonic  index  is  to  be 
obtained,  and  that  the  average  staphylococci  per  leu- 
cocyte, or  the  phagocytic  index  of  the  normal  serum,  is 
found  to  be  16;  and  the  phagocytic  index  of  the  serum 
in  question  to  be  12.  The  proportion  would  he 
16  :  12  ::  1  :  x;  and  the  opsonic  index,  ^|  or  0.75. 

Technical  Modifications  op  the  Opsonic  Index. — 
It  must  not  be  assumed  that  the  method  of  Wright  and 
Douglas  for  obtaining  the  opsonic  index  has  been  ac- 
cepted unchallenged  by  laboratory  workers.  There  are, 
indeed,  those  who  claim  that  the  results  are  far  from  re- 
liable, due  to  various  faults  in  the  method ;  and  others 
who  vigorously  iusist  that  the  opsonic  index  is  not  a  re- 
liable guide  upon  which  to  base  therapeutic  bacterial 
inoculations.  But  aside  from  these  controversial  as- 
pects, certain  modifications  in  the  technique  have  been 
proposed. 

By  some  workers  Leishman's  original  method  is  still 
adhered  to.  This  consists  in  using  the  whole  blood, equal 
portions  of  which  and  of  the  bacterial  suspension  are 
mixed,  a  drop  of  the  mixture  placed  on  a  slide,  covered 
with  a  cover-glass,  and  incubated  for  ten  or  fifteen 
minutes.  The  slide  and  cover  are  then  drawn  apart, 
the  film  is  stained,  and  the  phagocytic  index  is  computed 
as  described  above. 

Other  workers  have  aimed  to  reduce  the  experimental 
error  by  employing  highly  dilute  suspensions  of  bacteria; 
or,  better  still,  by  diluting  the  serums  under  scrutiny. 
Combined  with  the  modifications  of  diluting  the  suspen- 
sion and  the  serum  is  the  suggestion  to  use  as  a  basis  of 
comparison  the  phagocyting  leucocytes,  giving  a  so- 
called  "  percentage  "  index  as  opposed  to  Wright's 
"  bacteria!  "  index. 


The  Thermostable  Opsonin  Test.— An  outgrowth  of 
further  investigation  into  the  properties  of  opsonins  is 
the  application  of  the  opsonic  index  to  the  diagnosis  of 
existing  infection,  as  well  as  in  the  study  of  immunizing 
reactions  following  bacterial  inociilations  or  artificial 
auto-inoculation.  Tiie  principle  of  this  diagnostic  pro- 
cedure which  has  been  developed  by  Wright  and  Doug- 
las, and  by  them  designated  the  "thermostable  opsonin 
test,"  rests  upon  the  study  already  alluded  to  of  the  va- 
riation in  heat  resistance  between'tho  common  opsonins 
and  the  immune  opsonins.  Representatives  of  the  lat- 
ter class  are  less  easily  destroyed  l:iy  heating,  that  is  to 
say,  they  are  thermostable  opsonins.  Accordingly,  if 
the  probleni  is  to  determine  whether  a  given  bacterial 
infection  exists  in  virtue  of  which  immune  opsonins  are 
being  produced  by  auto-inoculation,  oi-  to  learn  if  a  bac- 
terial inoculation  has  aroused  specific  immune  opsonins, 
the  procedure  is  to  heat  the  serum  in  question  not  less 
than  ten  minutes  at  a  temperature  of  .58°  to  60°  C.,  and 
then  measure  its  opsonic  power  by  the  phagocytic  in- 
dex as  ordinarily  obtained.  Granting  the  accuracy  of 
the  ohservntions  upon  which  this  test  is  founded,  it 
would  be  proper  to  recognize  the  opsonins  which  sur- 
vived this  heating  as  resulting  from  auto-inoculation 
with  the  corresponding  microbe,  or,  in  case  of  the  inoc- 
ulation of  a,  vaccine,  to  represent  the  immunizing  re- 
sponse in  production  of  immune  opsonins.  Thus  the 
thermostable  opsonin  test  serves  as  a  further  check 
upon  the  method  just  described,  in  which  the  testing  of 
the  opsonic  power  of  the  blood  can  be  brought  to  play 
a  part  in  the  diagnosis  of  a  suspected  bacterial  infec- 
tion, or  to  allow  the  identification  of  the  specific  bacterial 
nature  of  an  infection  whose  existence  is  evident. 

Preparation  of  Bacterial  Vaccines. — "  Vac- 
cines," or  the  special  bacterial  substances  used  in  op- 
sonic therapy,  are  of  two  classes :  corresponding,  that  is, 
identical  in  species  with  the  pathogenic  microbe  against 
whose  inroads  effort  is  directed;  and  autogenous,  as 
the  writer  has  called  them,  that  is,  of  bacteria  obtained 
directly  from  the  infected  individual  and  reintroduced 
for  therapeutic  purposes.  Corresponding  vaccines  are 
also  designated  "  stock  "  vaccines.  As  to  the  particu- 
lar merits  of  these  two  classes  of  vaccines,  evidence  is 
still  insufficient  to  permit  final  judgment;  though  en- 
larging experience  in  opsonic  therapy  seems  to  indicate 
that  with  few  exceptions  better  results,  and  in  many 
cases  satisfactory  results  alone,  are  to  be  obtained  by 
the  vaccine  made  from  the  microbe  of  autogenous  ori- 
gin, subjected  to  as  little  artificial  manipulation  as  is 
possible ;  that  is  to  say,  the  microbe  reintroduced  in  as 
near  its  original  biologic  condition  as  laboratory  ma- 
nipulation will  permit.  Subcultivation,  by^^'hioh  many 
pathogenic  bacteria  speedily  lose  the  properties  inci- 
dental to  their  habitat  in  the  morbidly  affected  animal 
organism,  is  to  be  minimized.  It  appears  that,  in  the 
case  of  certain  staphylococci,  the  changed  environment 
of  repeated  transfer  on  artificial  culture  media  does  not 
deprive  them  of  usefulness  in  the  production  of  stock 
vaccines  directed  against  some  forms  of  staphylococcic 
infection:  though  no  one  has  learned  whether  the  full 
remedial  property  of  a  staphylococcus  artificially  grown 
is  retained,  or,  if  lost,  when.  Obviously,  autogenous 
vaccines  are  imperatively  required  when  one  encounters, 
in. an  infection  of  unknown  origin,  one  or  more  of  the 
less  common  bacterial  species  like  Bacillus  mucosus  cap- 
sulatiis  and  the  pseudodiphtheria  bacillus ;  or  in  the 
case  of  such  groups  as  the  streptococci,  colon-paracolon, 
and  proteus  in  which  variation  is  an  outstanding  char- 
acteristic. Likewise  in  mixed  infections  where  several 
bacterial  species  are  simultaneously  encountered,  and 
against  all  of  which  combat  is  required,  it  would  be 
practically  impossible  to  have  in  stock  the  appropriate 
corresponding  vaccines,  even  if  there  was  reason  to  be- 
lieve these  ready-prepared  products  might  be  effective; 
and  this  objection  would  hold  good  in  those  not  rare  in- 
stances in  which,  during  the  treatment  of  a  chronic  m- 
infection,  the  bacterial  flora  changes. 

There  seem    to  be,  indeed,  most  weighty  arguments 
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in  favor  of  employing  autogenous  vaccines  made  from 
freshly  isolated  bacteria,  and  for  stock  vaccines  of  the 
trade  no  argument  whatever  save  commercial  expedi- 
ency. For  clearly  one  who  is  sufficiently  skilled  to 
practise  opsonic  therapy  safely  and  intelligently  is  as- 
suredly competent  to  prepare  his  own  vaccines ;  and  he 
whose  knowledge  and  skill  preclude  his  isolating,  iden- 
tifying, and  making  into  a  vaccine  the  autogenous 
microbe  is  incompetent  to  practise  therapeutic  inocu- 
lation e-\'en  with  stock  vaccines. 

(o)  Suspension  or  Emulsion  of  Bacteria  .—In  a  gen- 
■eral  way  the  process  of  preparing  a  bacterial  vaccine  is 
identical  with  that  described  under  bacterial  suspensions 
for  use  in  determining  the  opsonic  index.  At  least  this 
holds  good  for  the  preliminary  stages  in  which  the  bac- 
teria are  cultivated  in  tubes  of  solid  media,  washed  off 
in  sterile  salt  solution,  and  shaken  or  churned  to  effect 
separation  of  the  component  organisms.  Ordinarily  it 
is  sufficient  to  use  5  c.c.  of  salt  solution  in  preparing  this 
first  suspension,  and,  unless  there  is  marked  persistent 
■cohesion  of  the  bacteria  in  masses,  centrifuging  of  the 
suspension  is  superfluous.  This  first  suspension  or  un- 
standardized  vaccine  is  transferred  to  a  suitable  sterile  re- 
ceptacle— a  test  tube,  for  example,  which  may  or  may  not 
be  hermetically  sealed.  A  drop  of  it  is  withdrawn  and 
set  aside  for  standardizing.  The  rest  is  now  to  be 
heated  to  devitalize  the  bacteria,  which  is  accomplished 
by  immersing  the  container  with  crude  vaccine  in  a 
water  bath,  the  temperature  of  which  is  kept  at  5.5°  to 
■60°  C.  The  duration  of  this  devitalizing  process  varies 
somewhat  according  to  the  varying  thermal  death-point 
of  the  bacterial  species  in  hand.  One  hour  at  60°  C.  is 
an  outside  limit.  Most  pyogenic  microbes  in  the  vege- 
tative form,  as  called  for  in  preparing  these  vaccines, 
succumb  in  one-half  hour's  heating  at  60°  C.  Gonococci 
and  meningococci  j'ield  at  a  temperature  of  55°  to  58° 
C,  and  usually  in  ten  minutes.  As  a  further  precau- 
tion, particularly  when  one  is  obtaining  early  familiarity 
with  this  step  in  opsonic  technique,  it  is  wise  to  plant  a 
small  portion  of  the  heated  vaccine  as  a  control  culture 
to  test  its  sterility. 

Returning  now  to  the  culture  whose  bacteria  furnish 
the  material  for  the  vaccine,  some  further  points  may 
with  value  be  elucidated.  For  the  more  usual  and  eas- 
ily grown  species  plain  agar  or  glycerin-agar  is  the  me- 
dium of  election,  but  here  as  elsewhere  in  which  solid 
■culture  media  are, called  for  in  opsonic  practice,  it  is 
highly  desirable  to  have  the  medium  moist  and  supplied 
with  a  moderate  amount  of  water  of  condensation.  A 
growth  of  twelve  to  twenty-four  hours'  incubation  is 
sufficient.  Gonococci  and  meningococci  are  grown  on 
ascites-agar  or  ascites-glucose-agar  for  eighteen  to 
thirty-six  hours.  Streptococci  and  pneumococci  grow- 
most  luxuriantly  on  Loeffler's  blood-serum  mixture,  and 
require  twenty-four  to  forty-eight  hours'  incubation. 
This  same  medium  answers  well  for  the  meningococcus 
and  for  some  strains,  at  least,  of  the  gonococcus. 

The  pus  or  other  exudate  containing  the  infecting 
organism  is  smeared  upon  the  surface  of  the  solid  culture 
medium.  Should  there  be  reason  to  believe  that  but  a 
single  bacterial  species  is  present  in  the  material,  e.g., 
staphylococcus  in  the  pus  of  an  acne  pustule,  or  in  that 
from  a  boil  or  carbuncle,  no  necessity  will  arise  for  mak- 
ing dilutions  and  plate  cultures;  instead,  the  primary 
culture  as  it  appears  on  the  surface  of  one  or  more  tubes 
may  be  used  to  prepare  the  vaccine.  Or,  should  the 
■single  colonies  of  a  single  species  be  widely  isolated  on 
the  first  tube  or  tubes  after  twenty-four  hours'  incuba- 
tion, they  may  be  spread  to  produce  a  growth  sufficiently 
extensive  to  cover  the  surface  of  the  culture  medium  and 
allowed  an  additional  incubation  of  twenty-four  hours. 

In  anticipation  of  infection  with  mixed  bacteria  the 
handling  of  the  original  material  is  such  as  to  allow  of 
the  separation  and  identification  of  the  various  species. 
Most  opsonists  resort  to  plate  cultures  with  the  aim  of 
meeting  this  contingency,  and  occasionally  this  too 
complicated  process  is  the  only  one  that  will  answer. 
From  a  considerable  experience,  however,   the  writer 


has  found  that  the  much  simplified  method  of  Bai 
Grosglick  will  generally  suffice  for  separating  so  as 
secure  in  pure  culture  the  various  bacteria  constitut 
the  flora  of  a  mixed  infection.  This  method,  it  may 
well  to  remind  the  reader,  is  one  in  which  ordinary  sc 
slanted  medium  in  a  test  tube  is  required,  and  dilut 
is  effected  by  bringing  the  loopful  of  exudate  into  1 
condensation  water  of  the  first  tube,  where  it  is  mi: 
thoroughly.  After  flaming  the  loop  it  is  used  to  cai 
one  or  two  loopfula  of  infected  condensation  water 
the  water  in  tube  two,  and  the  manoeuvre  is  again 
peated  by  carrying  from  tube  two  to  tube  three.  1 
infected  condensation  water  in  the  three  tubes  is  n 
allowed  to  flow  over  the  surface  of  the  medium,  1 
tubes  containing  which  are  then  returned  to  an  upri; 
position,  and  placed  in  the  incubator,  where,  usually 
the  second,  and  almost  invariably  in  the  third  dilute 
well-isolated  pure  colonies  will  arise  after  the  proper 
terval.  Should  media  without  condensation  wa 
alone  be  available,  separate  colonies  often  can  be 
cured  by  rubbing  the  loopful  of  exudate  over  the  fi 
tube,  and  then,  without  flaining,  over  the  surface  of  1 
media  in  the  second  and  third  tubes ;  or  a  series  of  par 
lei  "  scratches  "  may  be  made  with  the  loop  contain! 
the  exudate,  beginning  with  the  first  tube,  and,  after 
surface  has  been  covered  with  longitudinal  striatio 
proceeding  in  the  same  manner  with  the  second  a 
third  tubes.  In  isolating  streptococci,  pneumoco( 
and  mennigococci,  Loeffler's  medium  in  slants  is  mi 
satisfactory  and  may  be  used  in  a  single  implantati. 
or  by  the  Banti-Grosglick  method  in  case  mixed  inf 
tion  is  suspected.  In  the  case  of  the  meningococcus 
is  well  to  know  that  this  organism  sometimes  appei 
tardily,  and  one  should  not  pronounce  negatively  up 
the  culture  until  at  least  a  week  has  elapsed.  Gonoco 
are  most  expeditiously  isolated  from  the  pus  of  a  frt 
untreated  urethritis,  and  here  one  may  profitably 
sort  to  ascites-glucose-agar  in  Petri  plates,  smearing  ( 
pus  over  the  surface  by  the  "scratch-culture"  meth 
as  just,  described. 

Having  isolated  and  identified  the  species  in  a  mix 
infection,  the  opsonist  is  confronted  with  the  question 
to  which  species,  or  whether  all,  are  to  be  convert 
into  vaccine  and  used  for  inoculation.  This  is  largeb 
matter  of  bacteriological  judgment  and  of  experience 
opsonic  therapy.  Thus,  if  more  than  one  variety  ol 
given  species,  as,  for  instance,  Siaphylococcus  albus  a 
ritreus  from  acne  pus,  is  encountered,  it  would  be  ( 
tirnly  piroper  to  use  a  vaccine  composed  of  a  mixture 
both  varieties.  Again,  in  the  event  of  a  mixed-fl( 
with  one  well-known  pathogenic  species  predominatii 
this  would  naturally  be  chosen;  or  if  two  well-kno' 
but  distant  pathogenic  species  were  prominent,  I 
Streptococcus  and  Bacillus  pyoci/aneus,  vaccines  fn 
each  would  he  employed.  However,  it  may  befall  o; 
particularly  in  treating  old  suppurative  lesions  1: 
sinuses,  fistulas,  empyema,  etc.,  to  ignore  an  organi 
like  one  of  the  proteus  group,  or  a  member  of  the  co! 
gi-oup,  that  at  first  blush  would  be  regarded  as 
saprophyte,  and  by  thus  failing  to  employ  its  vacc: 
along  with  staphylococcus,  streptococcus,  or  other  n( 
acquaintances  among  the  pyogenic  bacteria,  to  m 
with  poor  results. 

Furthermore,  there  is  always  to  be  kept  in  mind, 
pecially  in  treating  chronic  suppurations,  the  possibil 
of  a  changing  bacterial  flora  in  the  course  of  the  tre 
ment.  In  the  writer's  experience,  to  cite  one  of  seve 
examples,  what  originally  responded  as  an  unhea 
empyema  due  to  unmixed  pseudodiphtheria  bacillus 
fection,  in  later  culture  showed  an  admixture  of  Stop 
lococcus  aureus,  later  the  unmixed  aureus,  and  finally  ' 
pneumococcus,  inoculations  with  the  changing  aut 
enous  bacteria,  were  imperatively  required  to  effect  i 
desired  improvement. 

(6)  Standardizing  the  Vaccine. — The  drop  of  the  oi 
inal  suspension  removed  before  devitalizing  the  bacte 
in  a  vaccine  serves  for  standardizing,  which  is  effec 
by  counting  the  bacteria  in  this  original  suspensi 
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which  is  then  diluted  so  as  to  secure  the  proper  dosage 
when  subdivided.  Counting  the  bacteria  in  a  given 
suspension  is  performed  after  the  method  proposed  by- 
Wright  and  best  described  in  his  own  language,  in  which 
he  is  concerned  with  the  standardizing  of  a  typhoid  vac- 
cine, but  which  applies  equally  well  to  suspensions  of 
the  usual  pathogenic  bacteria.  He  says:  "This  enu- 
meration can  in  the  case  of  a  twenty-four-  to  forty-eight- 
bour  culture  of  the  bacillus  typhosus  be  made  in  an  ac- 
curate and  expeditious  manner  under  the  microscope. 
It  will  be  manifest  that  in  the  case  where  we  are  dealing 
with  a  mixture  of  an  aliquot  volume  of  normal  blood 
(containing  5,000,000  red  blood  corpuscles  per  cubic 
centimetre)  with  an  equal  volume  of  bacterial  culture, 
the  number  of  micro-organisms  and  red  blood  corpuscles 
in  a  film  prepared  with  such  a  mixture  will  stand  one 
to  the  other  in  a  ratio  which  corresponds  to  the  respect- 
ive numbers  of  red  corpuscles  and  bacilli  in  the  unit  of 
volume. 

"  The  mixture  of  the  blood  and  culture  in  definite 
proportions  is  made  as  follows :  We  take  in  hand  an  op- 
sonic pipette.  Having  placed  a  mark  upon  the  capillary 
stem  at  a  convenient  distance  from  its  orifice,  and  hav- 
ing by  means  of  the  teat  established  a  negative  pressure 
in  the  interior  of  the  tube,  we  draw  up  in  succession 
into  the  capillary  stem  (a)  one  volume  of  blood  (ob- 
tained from  a  prick  in  the  finger)  such  as  will  fill  the 
capillary  stem  up  to  the  fiducial  mark ;  (6)  an  air  bubble 
to  serve  as  an  index;  (c)  a  volume  of  the  vaccine; 
(rf)  and  further  three  volumes  of  a  physiological  salt  so- 
lution; or,  in  lieu  of  these  last,  as  may  be  required,  one, 
two,  or  three  further  volumes  of  the  vaccine;  taking 
care  to  complete  in  each  case  to  five  volumes.  Having 
expelled  the  contents  of  the  tube  on  to  a  slide,  and  hay- 
ing effected  thorough  mixture  by  drawing  up  the  fluid 
into  the  capillary  pipette  and  blowing  it  out  several  times 
in  succession,  we  transfer  a  drop  of  the  mixture  to  a 
microscopic  slide  and  spread  it  out  by  bringing  down 
upon  it  the  edge  of  another  slide  and  drawing  this  along. 
The  thickness  of  the  film  is  regulated  by  adjusting  the 
angle  between  the  slides,  widening  this  angle  when  a 
thicker  film  is  to  be  left  behind,  and  narrowing  it  when 
a  thinner  film  is  required.  The  film  is  then  fixed  and 
stained,  most  conveniently,  perhaps,  by  the  stain  de- 
scribed by  Welshman.  The  bacteria  and  red  blood  cor- 
puscles are  now  separately  enumerated  on  a  series  of 
fields  chosen  at  random  from  different  parts  of  the  prep- 
aration. Owing  to  the  spacing  out  which  is  secured  by 
the  five-fold  dilution  of  the  blood,  this  enumeration  can, 
if  necessary,  be  carried  out  without  restricting  or  sub- 
dividing the  field  of  the  microscope.  It,  however,  facili- 
tates matters  if  we  restrict  the  field  by  the  employment 
of  a  high-power  eye-piece  and  subdivide  it  by  inscrib- 
ing a  cross  by  means  of  a  glass  writing  pencil  upon 
a  cover-glass,  and  dropping  this  into  the  eye-piece.  The 
necessary  calculation  can  be  most  easily  carried  out  by 
the  help  of  a  slide  rule. 

"  Suppose  we  have  a  typical  field  of  such  a  film  prep- 
aration as  has  been  described  above.  It  will  be  found 
that  there  are  here  contained  in  this  field  of  view  thirty- 
six  blood  corpuscles  and  twenty  typhoid  bacilli.  Mak- 
ing the  assumption  that  we  are  here  dealing  with  a  nor- 
mal blood  and,  as  already  postulated,  with  an  average 
field,  the  calculation  we  make  is  as  follows : 

"  Number  of  red  blood  corpuscles  in  average  field  : 
number  of  bacilli  in  average  field  :  :  number  of  red 
blood  corpuscles  in  the  unit  of  volume  :  number  of 
bacilli  in  the  unit  of  volume.  . 

"36  :  20  : :  5,000,000  :  (number  of  bacilli  m  the 
cubic  centimetre  of  culture).  Answer:  The  culture 
contains  circ.  2,800,000  typhoid  bacilli  m  the  cubic 
cpTit  1  mpl"  re 

"  In  the  case  where,  in  lieu  of  1  volume,  2,  3,  or  4 
volumes  of  culture  have  been  mixed  with  one  volume 
of  blood,  the  number  of  bacilli  in  the  cubic  centimetre 
of  culture  will  of  course  correspond  to  the  quotient  ob- 
tained by  dividing  the  result  arrived  at  in  the  above 
calculation  by,  as  the  case  may  be,  2,  3,  or  4. 


(c)  Tubercle  Vocrinc. — Although  some  attempts  have 
been  made  in  that  direction,  the  production  of  an  autog- 
enous vaccine  from  a  given  case  of  tuberculous  infec- 
tion has  thus  far  been  attended  with  indifferent  success. 
That  this  should  be  so  is  readily  appreciated  by  those 
familiar  with  the  biological  peculiarities  of  the  tubercle 
bacillus,  and  who  recognize  the  great  technical  difficul- 
ties involved  in  the  attempt  to  secure  this  organism  in 
pure  culture,  especially  when,  as  is  so  often  the  case,  it 
is  present  in  lesions  associated  with  other  bacterial 
species.  Furthermore,  the  comparatively  slow  growth 
of  this  microbe  is  a  drawback  to  its  use  for  an  autoge- 
nous vaccine,  and  when  recourse  must  be  had  to  the  in- 
direct method  of  guinea-pig  inoculation  and  subsequent 
recovery  in  culture,  one  naturally  hesitates  about  using 
the  bacillus  so  recovered  because  of  the  possibility  that 
its  sojourn  in  the  guinea-pig  might  have  sufficiently 
changed  it  so  as  to  be  unfit  for  therapeutic  use  in  man. 
In  any  event,  the  custom  is  to  resort  to  one  of  the  several 
tubercle-bacillus  preparations  already  in  use ;  though 
here,  too,  it  must  be  confessed,  we  are  still  ignorant  as. 
to  the  source  of  the  organism  employed,  or  as  to  what 
has  befallen  that  particular  organism  in  the  way  of  arti- 
ficial cultivation  after  its  isolation. 

Wright  usually  advises  the  use  of  Koch's  new  tuber- 
culin (T.  R.)  which  is  practically  a  suspension  of  tuber- 
cle bacilli  in  which  the  residue,  after  washing  in  water 
by  the  centrifuga,  forms  the  basis.  This  preparation  is 
dispensed  in  bottles,  the  menstruum  being  a  forty-per- 
cent, glycerin  mixture  with  a  bulk  of  1  c.c,  and  holding 
in  suspension  after  shaking,  10  mgm.  of  the  tubercle 
bacillus  powder.  Another  preparation  which  has  pref- 
erence with  some  workers  is  that  form  of  Koch's  new 
tubercuUn  (B.  E."),  the  bacillus  emulsion,  which  has 
as  a  basis  tubercle  bacilli  previously  subjected  to  grind- 
ing, without  washing,  suspended  in  a  glycerin  men- 
struum, and  dispensed  in  glass-stoppered  amber  bottles  in 
which  5  mgm.  of  the  bacillary  powder  is  present  in  1  c.c. 
of  the  fluid.  As  employed  in  opsonic  therapy  special 
precautions  are  taken  in  the  dilution  and  preparation 
of  these  tuberculins,  and  the  following  description  mod- 
ified after  Wright,  and  specifically  concerning  T.  R.,  is 
also  applicable  to  B.  E.,  except  that  the  computation  is 
made  for  the  latter  on  the  basis  of  5  mgm.  of  solid  sub- 
stance instead  of  10  mgm.  as  for  T.  R.  Since  the  dose 
of  these  tuberculins  commonly  employed  is  from  5J5 
mgm.  to  j^ir  mgm.,  it  is  clear  that  the  original  product 
must  be  largely  diluted. 

An  original  sealed  bottle  of  T.  R.  is  procured,  well 
shaken,  and  opened  with  care  to  prevent  contamina- 
tion, either  by  cautiously  flaming  the  neck  and  stop- 
per or  by  immersing  the  whole  container  in  pure 
lysol  for  a  short  time,  afterward  wiping  with  sterile 
gauze  or  towel.  Aspirate  the  original  T.  R.  into  a  sterile 
pipette  of  adequate  size;  seal  this  in  the  flame;  wash  out 
the  container  with  1  c.c.  of  sterile  salt  solution  which  is 
aspirated  into  a  second  pipette,  sealed,  and,  with  the  one 
already  filled,  placed  in  a  water-bath  and  heated  one 
hour  at  60°  C.  This  precautionary  additional  steriliza- 
tion of  the  tuberculin  recommended  by  Wright  may  be 
performed  by  immersing  the  original  unstoppered  bottle 
in  water  sustained  at  60°  C.  for  one  hour,  after  which 
it  is  to  be  handled  with  precaution  to  avoid  contamina- 
tion, such  as  would  be  used  in  an  aseptic  operation. 
The  most  convenient  container  for  the  tubercle  vaccine 
is  the  vaccine  bottle  of  Wright,  wide-mouthed,  of  amber 
glass,  fitted  with  a  thick  rubber  cap,  and  of  a  capacity 
of  50  c.c. ;  but  of  course  any  suitable  sterilized  flask  or 
bottle  may  be  employed.  Into  the  sterile  vaccine  bot- 
tle, filled  with  48  c.c.  of  sterile  normal  salt  solution  to 
which  lysol  in  the  proportion  of  0.25  per  cent,  has  been 
added,  the  contents  of  the  two  pipettes  is  forced.  This 
step  is  conveniently  performed  by  drawing  to  a  fine  point 
the  sealed  ends  of  the  pipettes,  which  are  then  broken, 
and  plunged  through  the  rubber  cap  of  the  vaccine  bot- 
tle, to  which  cap  lysol  has  previously  been  applied ;  after 
which  the  tuberculin  is  expelled.  This  first  dilution,  or 
"  concentrated  vaccine  "  contains  l  mgm.  of  tubercle 
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bacillus  powder  to  each  cubic  centimetre.  The  second 
dilution  for  daily  use  is  made  by  adding  J  c.c.  of  con- 
centrated stock  to  50  c.c.  of  normal  salt-lysol  solution 
in  a  second  vaccine  bottle ;  and  this,  the  finished  tuber- 
cle vaccine,  contains  ^^  mgm.  of  tubercle  powder,  so  that 
■each  cubic  centimetre  of  it  equals  -^Jj  mgm.  of  T.  R. 

Infected  Tissues  and  Exudates  as  Vaccines. — 
Precedents  for  the  use  of  infected-tissue  substances  or 
■of  the  exudates  arising  from  infection  as  vaccines  for 
protective  inoculation  'were  established  long  before  the 
practice  of  therapeutic  bacterial  immunization  based  on 
the  theory  of  opsonins  came  in  vogue.  Thus  the  virus 
of  vaccination  against  smallpox  is  the  exudate  of  the 
lesions  of  vaccinia.  In  hydrophobia  the  principally 
affected  tissue  (spinal  cord)  of  the  rabbit  infected  with 
rabies  supplies  the  material  for  the  vaccines.  And  in 
.symptomatic  anthrax  A'accines  are  prepared  from  the 
■dried  powder  of  the  muscles  of  cattle  recently  dead  of 
"  black  leg."  In  each  of  these  cases  it  is  assumed  that 
the  tissue  or  exudate  also  contains  the  infectious  agents, 
which  in  the  case  of  variola  and  hydrophobia  still  remain 
unidentified. 

From  the  use  of  such  morbid  material  for  protective 
inoculation,  variously  modified  to  attenuate  its  original 
virulence,  to  the  use  of  similar  products  with  the  object  of 
inducing  a  curative  immunity  was  a  reasonable  step;  and 
it  accordingly  is  not  surprising  to  find  that  experiments 
in  this  direction  have  been  recently  revived.  One  such 
essay  was  to  treat  a  purulent  empyema  by  the  subcu- 
taneous injection,  into  healthy  tissue,  of  the  pus  aspi- 
rated from  the  affected  pleural  sac,  the  results  of  which 
-are  asserted  to  have  been  satisfactory  from  a  therapeu- 
tic standpoint.  Another  was  the  use  of  material  from 
caseous  tuberculous  glands,  sterilized  (?)  by  exposures 
to  low  temperatures,  as  a  therapeutic  vaccine  for  tuber- 
culosis, and  here  the  outcome  is  said  to  have  justified 
the  continuation  of  the  method.  Still  more  recently, 
the  exudate  from  a  lumbar  puncture  in  an  individual 
with  acute  cerebro-spinal  meningitis  has  been  subcu- 
taneously  injected  in  the  original  patient,  or  in  others 
afflicted  with  the  disease,  apparently  with  favorable  re- 
sults. It  is  still  too  early  to  speak  with  assurance  as  to 
the  promise  for  this  kind  of  modified  therapeutic  im- 
munization, which  may  be  classified  as  another  method 
of  artificial  autoinoculation.  But  in  view  of  what  has 
been  accomplished  by  therapeutic  inoculations  of  dead 
pathogenic  bacteria,  it  is  not  difficult  to  believe  that  a 
•combination  consisting  of  the  infectious  agent  modified 
by  its  sojourn  in  its  host,  and  of  the  diseased  tissues  or 
juices  of  that  infected  host,  possesses  the  power  of  arous- 
ing specific  curative  immunizing  impulses,  and  perhaps 
to  a  degree  unattainable  by  the  use  of  devitalized  bac- 
teria cultivated  on  artificial  media.  But  the  obstacles 
in  the  way  of  a  standard  for  dosage  are,  among  others 
that  readily  suggest  themselves,  at  present  so  great  that 
this  work  can  only  be  viewed  from  an  attitude  of  hope- 
ful  expectancy;  though  it  must  not  be  forgotten  that 
the  discovery  of  vaccination  for  smallpox  came  through 
an  accident,  and  that  even  to  this  day  there  is  no  exact 
standard  of  dosage  of  the  antivariolous  virus. 

Teoknique  of  BACTEniAi.  Inoculation.— Dosaoc  of 
Bactenal  Vaccines.— '^o  hard-and-fast  rules  can  be  for- 
mulated to  govern  the  dose  of  bacteria  in  a  given  vac- 
•cme  as  directed  to  the  treatment  of  a  cert.iin Infection. 
Individual  difference  in  immunizing  response,  and  vari- 
ation in  the  properties  of  various  bacterial  species  or 
■■'  strains  "  of  a  given  .species,  are  two  of  the  several 
factors  which  are  to  be  considered  in  deciding  the  ques- 
tion of  dosage.  Only  the  rough  general  figures  indi- 
cated by  Wright  and  others  with  large  experience  in 
bacterial  inoculation  can  be  offered  for  preliminary 
guidance,  from  which  departure  will  be  indicated  either 
through  failure  to  secure  a  satisfactory  effect  as  demon- 
strated by  the  fluctuation  of  the  opsonic  index  in  the  event 
that  this  test  is  relied  upon  for  guidance,  or  throuah  un- 
.satisfactory  symptomatic  reaction  as  shown  by  too  severe 
a  local  irritation  at  the  injection  point,  and  too  pro- 
nounced a  constitutional  negative  phase  (languor,  chilli- 
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ness,  fever,  headache,  and  depression);  together  wi 
an  unsatisfactory  amelioration  of  the  particular  mork 
condition  against  which  the  treatment  is  directed. 

With  the  qualifications  just  indicated,  it  may 
stated  that  the  dose  of  pyogenic  staphylococci  vari 
from  100  million  to  1  billion ;  of  streptococci  and  pneum 
cocci  from  5  million  to  50  million ;  of  gonococci  10  milli( 
to  50  million  ;  of  meningococci  5  million  to  50  million ; 
colon  bacilli  25  million  to  200  million,  beginning  with 
small  dose  as  severe  local  and  general  reactions  sometim 
attend  the  inoculation  of  this  organism ;  of  Bacillus  py 
cyaneus,  B.  pseudodiphtherice,  B.  proteus,  and  B.  muc 
sus  capsulatus  50  million  to  200  million ;  and  of  Mier 
coccus  neoformans  50  million  to  200  million.  Tubercul 
is  administered  in  doses  of  j^^  to  j^  mgm.  T.  R. 
B.  E. 

Method  of  Inoculation. — Bacterial  vaccines  are  a 
ministered  solely  by  subcutaneous  injection.  The  mo 
convenient  iiLstrument  for  this  operation  is  a  gla 
syringe  with  asbestos-packed  plunger  and  a  capacii 
of  not  more  than  two  cubic  centimetres.  Vaccin 
should  be  preferably  so  standardized  as  to  contain 
maximum  dose  in  1  c.c.  of  fluid,  or  to  be  even  more  co: 
centrated  so  that  a  fraction  of  a  cubic  centimetre  m; 
be  taken,  and  raised  to  a  bulk  of  1  c.c.  by  addition 
lysolized  (i  per  cent.)  sterile  normal  salt  solution  at  t] 
moment  of  using.  The  needles  should  be  somewhi 
larger  than  those  of  the  ordinary  hypodermic  syringe. 

To  sterilize  a  syringe  recourse  may  be  had  to  a  five-  ( 
ten-per  cent,  aqueous  lysol  mixture.  Better  still,  tl 
syringe,  plunger,  and  needle  may  be  boiled  in  slight 
alkaline  water,  though  this  is  destructive  of  needle 
If  the  hub  of  the  needle  be  provided  with  an  asbest( 
washer,  or  if  union  of  syringe  barrel  and  needle  is  mat 
by  a  ground  joint,  sterilization  is  most  expeditious 
performed  by  following  Wright's  direction  to  draw  ini 
the  syringe  several  charges  of  oil  (olive  oil  or,  betti 
still,  fluid  vaseline)  which  is  heated  to  130°  C. ;  b\ 
with  ordinary  rubber  washers  to  complete  the  joint  ' 
the  syringe  barrel  and  needle  hub  this  procedure  is  in 
practicable,  because  of  the  injurious  action  of  the  hi 
oil  on  the  rubber. 

Injection  is  to  be  strictly  subcutaneous,  which  meai 
that  it  must  not  be  made  so  superficially  as  to  separa 
the  skin  itself  and  raise  a  wheal,  nor  deep  enough  1 
enter  the  muscles.  The  subcutaneous  fascia,  or  tl 
subcutaneous  fat,  is  the  layer  into  which  the  vaccine 
to  be  directed,  both  because  the  effects  are  more  con 
fortable  for  the  patient,  and  principally  because  it  a] 
pears  that  the  connective  tissue  is  the  tissue  in  whic 
the  production  of  protective  antibodies  goes  forwai 
most  satisfactorily.  The  skin  at  the  point  of  inoculi 
tion  may  be  cleaned  with  alcohol,  or  puncture  may  1 
performed  through  a  spot  wet  with  pure  lysol  whit 
which  is  to  be  wiped  off  with  alcohol.  But  in  clean! 
persons  these  precautions  are  superfluous. 

Injection  Site. — The  choice  of  the  location  in  whic 
inoculation  is  to  be  performed  may  or  may  not  be  a  ma 
ter  of  importance.  As  a  rule,  the  site  of  election  is  tl 
flanks,  the  anterior  abdominal  wall,  or  the  interscapi 
lar  region,  particularly  if  a  generaUzed  infection  is  1 
be,  treated,  or  if,  as  in  facial  acne,  inoculations  in  tl 
neighborhood  of  the  lesions  are  undesirable.  But  wil 
sharply  localized  infections  so  situated  as  to  allow  ii 
oculation  into  a  site  whose  lymphatic  drainage  pass 
through  the  diseased  areas,  it  is  good  practice  to  pr 
ceed  with  this  object  in  view.  Thus  in  infections  in  tl 
extremities,  in  either  soft  parts,  or  bones,  or  joints,  it 
well  to  inoculate  in  a  point  beyond,  or  situated  distal 
to,  the  lesion ;  and  by  observing  the  trend  of  lymphat 
ilrainage  in  the  trunk,  injection  may  often  be  perform* 
so  as  to  flood  a  localized  lesion  directly  from  the  inoc 
lation  site. 

Not  less  important  than  the  question  of  site  is  tl 
precaution  that  should  be  taken  against  I'epeated  ino 
ulations  in  a  given  locality;  for  since  the  immunizii 
reaction  is  supposed  to  spring  from  the  connective  tissi 
of  the  inoculated  area,  it  is  reasonable  to  presume  th 
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the  capacity  of  a  given  tissue  area  to  react  may  be  worn 
out  by  too  frequent  an  injection. 

No  dressina;  is  applied  to  tlie  inoculated  site,  and  it 
is  not  desirable  to  seal  the  minute  puncture  made  by 
the  needle.  The  redness  and  sweUing  that  sometimes 
follow  a  large  dose  of  bacterial  vaccine  require  no  treat- 
ment. Occasionally,  especially  after  repeated  inocula- 
tions, indurations  remain  in  the  subcutaneous  tissue. 
Should  these  appear,  it  is  well  to  suspend  injections  until, 
by  gentle  and  repeated  massage,  the  nodules  have  dis- 
appeared. With  properly  prepared  vaccines,  admin- 
istered in  correct  dose,  and  with  sterilized  injection  ap- 
paratus, abscesses  at  the  inoculation  site  should  never 
appear,  even  though  a  sharp  local  inflammatory  reaction 
at  times  is  provoked. 

Interval  between  Inoculations. — Next  to  the  question 
of  dosage  of  bacterial  inoculations  comes  the  important 
consideration  of  their  periodicity.  Where  the  opsonic 
index  is  employed  as  a  guide,  AVright's  original  rule  of 
a  new  inoculation  when  the  positive  phase  of  the  pre- 
ceding one  has  reached  its  height,  or  is  just  beginning 
to  fall,  should  be  followed;  as  should  also  his  injunction 
not  to  repeat  the  inoculation  during  the  original  nega- 
tive phase.  Again,  where  the  effects  are  outspoken,  as 
at  times  they  are  both  in  the  local  lesion  and  in  the 
constitutional  symptoms,  it  is  quite  easy,  with  the  aid 
of  an  intelligent  subject,  to  space  the  inoculations  so  as 
to  repeat  the  injection  before,  or  immediately  after,  the 
positive  phase  subsides.  But  there  are  times  when  the 
opsonic  index  does  not  pursue  a  characteristic  course, 
and  more  often  still  comes  the  difficulty  of  taking  an 
accurate  index  sufficiently  often  to  be  of  service ;  and 
local  and  symptomatic  responses  may  be  slight  or  ab- 
sent after  some  inoculations,  so  that  the  opsonist  is  con- 
fronted with  the  problem  of  spacing  his  injections  ac- 
cording to  some  cut-and-dried  rule.  Such  rough  rules 
have  been  formulated  and  will  serve  the  beginner  until 
his  experience  has  enlarged  to  a  point  at  which  it  be- 
comes his  best  guide.  For  example,  inoculations  for 
generalized  infections  like  septicaemias  are  performed  at 
intervals  of  one  to  three  days,  especially  on  the  occasion 
of  the  earlier  ones.  In  rapidly  spreading  acute  infec- 
tions like  endometritis,  cellulitis,  and  Ijrmphangitis,  in- 
oculations should  also  be  spaced  at  intervals  of  one  to 
three  days  until  the  urgent  period  has  passed.  Sub- 
acute and  chronic  locahzed  staphylococcic  diseases  like 
acne,  furunculosis,  and  eczema  are  to  be  treated  every 
five  to  seven  days.  The  same  interval  seems  well  suited, 
especially  during  the  earlier  inoculations,  to  the  han- 
dling of  chronic  suppurative  lesions  of  varying  bacterial 
origin  like  old  empyemas,  sinuses  and  fistulas,  middle- 
ear  disease,  antrurn  disease,  and  bronchitis.  In  tuber- 
culosis it  is  customary  to  employ  the  tuberculin  every 
ten  to  fourteen  days,  and  where  a  mixed  pyogenic  and 
tuberculous  infection  Exists  it  is  good  practice  to  inocu- 
late with  the  pyogenic  bacteria  every  five  or  seven  days, 
adding  the  tuberculin  on  the  occasion  of  each  second 
injection. 

Mi:ced  Infectwns. — What  shoiild  be  the  course  in  case 
of  a  mixed  infection?  Here,  as  elsewhere  in  the  practice 
of  bacterial  therapy,  judgment  as  to  the  relative  im- 
portance to  attach  to  the  various  factors  must  decide 
the  question.  Given  two  or  even  three  bacterial 
species,  well  known  as  pathogenic  agents,  and  their 
simultaneous  appearance  in  the  secretion  of  a  certain 
lesion,  it  is  entirely  proper,  as  has  already  been  intimated, 
to  inoculate  a  mixed  vaccine  containing  suitable  doses  of 
the  offending  bacteria.  Or  when  the  urgency  is  not  too 
great,  inoculation  with  the  predominating  and  m.ost 
likely  pathogenic  agent  is  to  be  first  performed,  and,  in 
case  of  an  unsatisfactory  issue,  a  vaccine  from  the  other 
bacterial  species  can  be  added  in  subsequent  injections. 
Say,  for  instance,  that  Staphylococcus  aureus  or  a  strep- 
tococcus is  found  associated  with  Bacillus  coli  in  the 
discharge  from  fistulas  of  abdominal  origin,  a  mixed  vac- 
cine would  be  in  order.  Again,  especially  in  old  sup- 
purative lesions,  a  putrefactive  organism  (of  the  proteus 
group  generally)  is  found  largely  exceeding  the  under- 


lying and  presumably  original  pyogenic  agent  like  sta- 
phylococcus or  streptococcus.  Here  the  pyogenic  mi- 
crobe might  first  be  tried,  but  to  it  should'be  added  a. 
vaccine  from  the  secondary  organism  in  event  of  its 
failure  to  bring  a  good  result.  It  is  well  to  repeat  how 
surprising  it  is  at  times  to  find  that  success  depends  on 
the  use,  in  conjunction  with  the  vaccine  of  a  well- 
known  pathogenic  species,  of  that  prepared  from  the 
secondary  invader  belonging  to  the  proteus-likc,  or 
colon-like,  or  pseudodiphtheria-bacillus  group. 

The  Reaction  of  "  Hypersuscepiibility." — With  re- 
cently acquired  information  concerning  the  peculiar  re- 
action to  proteid  injections,  first  clearly  brought  out  in 
connection  with  the  use  of  horse's  serum  by  v.  Pirquet 
and  Schick  in  their  studies  of  the  "  serum  diseases,"  it 
is  quite  natural  to  look  for  some  manifestations  of  a 
similar  nature  following  the  periodic  injection  of  bac- 
terial vaccines  required  in  opsonic  practice.  In  my  own 
experience  I  have  observed  on  several  occasions,  in  cer- 
tain patients,  immediate  symptoms  like  flushed  face, 
dizziness,  and  nausea  when  inoculations  were  repeated, 
which  could  be  explained  only  on  the  basis  of  their  be- 
ing a  mild  manifestation  of  the  phenomenon  of  proteid 
hypersusceptibility.  Xo  unpleasant  consequences  fol- 
lowed these  temporary  symptom'^,  which,  in  a  very  con- 
siderable number  of  oases,  were  so  rare  as  to  be  quite 
exceptional.  Very  rarelj",  also,  temporary  skin  erup- 
tions like  the  "  serum  rashes,''  or  attacks  of  itching, 
will  appear  after  repeated  inoculations. 

Blood  Coagulability  as  Related  to  Therapeutic  Im- 
munizaiiov. — Infection  modifies  the  blood-clotting 
power,  and  it  often  becomes  important  to  scrutinize  this 
property  of  the  blood  during  the  co\irse  of  therapeutic 
bacterial  inoculations,  which  in  themselves  modify  the  co- 
agulability of  the  blood.  Generally  Wright's  simple  time 
test,  with  the  blood  drawn  into  a  fine  tube  and  blown 
out  at  intervals  of  one-half  minute,  suffices  to  give  a 
working  idea  of  the  coagulation  time.  In  certain 
chronic  pyogenic  infections  the  blood-clotting  power 
will  be  found  persistently  low,  and  should  a  wound  and 
■  discharge  be  present,  the  wound  will  usually  be  exces- 
sively moist,  and  the  discharge  thin  and  abundant. 
Other  manifestations  of  low  blood-clotting  power  may 
also  be  in  evidence,  like  localized  oedemas  or  watery  di- 
arrhoea. Should  inoculations  fail  to  correct  these  symp- 
toms the  use  of  calcium,  preferably  in  the  form  of  cal- 
cium lactate  in  IG-grain  powders,  dissolved  in  hot  water, 
at  first  three  times  daily  and  later  once  a  day,  will  be 
found  very  beneficial. 

In  contrast  to  the  state  of  lowered  blood  coagulability 
is  that  of  excessive  clotting  power,  also  met  in  connec- 
tion with  some  infections.  There  may  be,  for  example, 
a  localized  infection  with  much  induration,  diffuse  in- 
flammation, and  a  dry  non-secreting  state  of  the  tissues, 
the  so-called  "  brawny  swelling  "  of  English  surgeons. 
Here  a  coagulation  test  usually  shows  increased  activ- 
ity. Again,  the  infection  may  be  accompanied  by  in- 
travascular coagulation  and  the  formation  of  thrombi. 
Both  of  these  blood  conditions  are  irresponsive  to  bac- 
terial inoculation  and  call  for  appropriate  chemical 
medication,  in  this  case  the  administration  of  citric  acid 
in  30-grain  doses,  repeated  at  intervals  of  three  hours  or 
longer. 

Contraindications  to  Inoculation. — One  of  these,  as  al- 
ready stated,  is  the  condition  of  local  and  persistent  in- 
duration marking  the  site  of  a  previous  inoculation. 
Again,  it  is  desirable  to  po.stpone  inoculations,  especially 
for  chronic  affections,  during  the  course  of  an  intercur- 
rent infection,  and  to  avoid  them  as  far  as  possible  when 
the  patient  is  fatigued  or  exhausted,  or,  in  women,  dur- 
ing menstruation.  Alcoholic  excess  and  probably  tlie 
depressing  effects  of  other  drugs,  like  morphine,  defeat 
the  best  effects  of  therapeutic  inoculations,  and  bacterial 
injections  should  be  avoided  during  or  immediately  after 
such  intoxications. 

Clinical  Applications  of  Opsonic  Therapy.— As 
has  previously  been  mentioned,  the  infections,  especially 
the  localized  ones,  due  to  the  pyogenic  bacteria  com- 
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prise  the  principal  group  of  diseases  suitable  for  opsonic 
therapy.  It  will  scarcely  be  advisable,  at  this  still  com- 
paratively early  day  in  the  development  of  therapeutic 
inoculation,  to  attempt  a  classification  of  these  affec- 
tions, which,  as  may  be  readily  seen,  can  be  based  upon 
either  anatomical  or  etiological  grounds.  A  wiser  course 
at  this  juncture  seems  to  be  to  describe  the  various  dis- 
eases somewhat  in  the  order  of  the  development  of  the 
practice,  and,  as  a  supplement  to  the  general  directions 
just  given,  to  bring  out  the  special  points  that  experience 
has  illuminated. 

.4cwe.— This  often  stubborn  and  troublesome  cutane- 
ous affection  belongs  to  Wright's  first  group  of  microbic 
diseases,  viz.,  those  "  in  which  the  bacterial  process  is 
strictly  localized  or  shut  off  from  lymph  or  blood  cir- 
culation. In  this  class  the  opsonic  index  is  persistently 
low,  owina;  to  the  absence  of  immunizing  stimuli."  A 
fact  of  greater  importance  is  that  artificial  inoculations 
with  the  predominating  and  probably  causative  microbe 
of  acne,  a  staphylococcus,  usually  the  albus,  occasion- 
ally the  oitreus,  or  albus  and  citreus  mixed,  are  gener- 
ally beneficial  from  the  therapeutic  standpoint,  even  in 
cases  where  other  me.isures  have  failed  after  long  trial. 

Not  all  cases  of  chronic  acne,  however,  give  a  curative 
response  under  attempted  therapeutic  immunization 
with  the  causative  microbe.  The  particularly  suitable 
ones  belong  to  the  type  of  acne  vulgaris,  in  which  pus- 
tules and  sluggish  indurations  abound.  Mixed  forms 
with  a  tendency  to  the  rosacea  type  are  obstinate  at 
times,  or  may  even  refuse  to  be  influenced.  Again, 
some  of  the  most  persistent  cases  seem  to  be  in  that 
passive  state  which  may  be  met  in  other  severe  or  long- 
standing infections,  where  satisfactory  immunizing 
responses  cannot  be  evoked ;  and  where,  presumablJ^  the 
capacity  for  a  curative  impetus  on  the  p.art  of  the  mech- 
anism of  immunization  has  been  worn  out  hy  the 
repeated  efforts  at  spontaneous  or  artificial  auto-inocula- 
tion. In  general  terms  it  may  be  stated  that  a  satis- 
factory issue  is  possible  in  proportion  as  the  disease  is 
recent,  and  this  proposition  applies  to  other  morbid  con- 
ditions amenable  to  therapeutic  bacterial  inoculations ; 
though  many  times  the  opsonist  will  be  gratified  to  ob- 
serve an  old  and  stubborn  acne,  resistant  to  patient  trial 
of  all  the  measures  adopted  by  skilled  dermatologists, 
mend  with  pleasing  rapidity  under  the  influence  of 
bacterial  inoculations. 

With  the  uniformity  of  a  staphylococcic  infection  as 
an  etiological  factor  of  acne  in  mind,  it  has  been  pro- 
posed that  this  disease  is  of  a  class  particularly  suited 
to  the  use  of  extraneous  or  "  stock  "  vaccines,  of  which 
a  mixture  of  the  albus  and  citreus  is  advised.  But  to 
one  who  has  worked  extensively  on  the  bacteriology  of 
acne,  and  has  familiarized  himself  with  the  variations 
presented  by  different  "  strains  "  of  even  so  common 
an  organism  as  Staphylococus  albvs,  and  particularly  if, 
as  is  commonly  the  result  in  prolonged  experience  with 
this  disease,  he  finds  that  at  best  only  temporary  bene- 
ficial effects  are  secured  by  such  stock  vaccines,  the  ad- 
visability of  employing  vaccines  from  staphylococci  of 
autogenous  origin  will' impress  itself.  To  the  writer's 
mind,  even  in  so  comparatively  simple  a  pyogenic  dis- 
ease as  acne  vulgaris,  there  seems  to  be  a  peculiar  and 
special  merit  in  the  autogenous  microbe,  speedily  iso- 
lated and  reintroduced  with  as  little  artificial  manipula- 
tion as  possible;  and  the  preference  expressed  by  an 
intelligent  patient  for  a  vaccine  of  his  own  nigani«m 
becomes  more  than  a  fanciful  whim  in  the  face  of  Ihe 
possibility  of  obtaining  a  microbe  from  individuals  with 
latent  and  subsequently  developing  syphilis,  as  has  hap- 
pened at  least  twice  in  ray  experience. 

Inoculations  against  acne  are  performed  with  doses 
of  100  million  to  500  million  staphylococci,  and  at  in- 
tervals of  about  five  to  ten  davs,  depending  on  the 
course  of  the  immunity  wave  as  shown  bv  the  staphy- 
lo-opsonic  index,  or  by  the  clinical  manifestations.  Those 
inoculations  usually  produce  a  symptomalic  negative 
phase,  some  soreness  in  the  injection  site,  or  even  "slight 
inflammatory  reaction,  chilliness,  depression,  slight  ano- 


rexia, together  with  aggravation  of  the  pimples, 
sense  of  well-being  and  an  improvement  in  the  cuta 
oils  lesions  follow  in  the  positive  phase,  while  the  s 
ond  negative  phase  is  usually  accompanied  by  a  fr 
outbreak  of  pustules,  generally  much  smaller  and  m 
superficial  than  in  the  untreated  state,  and  giviiij 
plain  indication  for  another  inoculation.  The  durat 
of  treatment  varies  considerably.  Some  aggrava 
and  long-standing  cases  of  acne  have  been  brought 
perfect  recovery  after  three  to  five  inoculations ;  oth 
require  much  more  prolonged  treatment,  and  e^ 
where  failure  to  arouse  an  immunizing  response  d 
not  occur  there  are  cases  in  which  a  long  course  of 
oculations  effects  no  more  than  a  marked  improveme 

Staphylococcic  Sycosis. — As  an  aid  when  establisl 
methods  of  treating  non-parasitic  sycosis  barbce  fail, 
oculations  with  the  autogenous  staphylococcus  (usua 
aureus)  promise  to  be  signally  beneficial  as  attested 
a  number  of  chronic  and  obstinate  cases  of  this  disei 
which  have  been  brought  to  full  recovery;  the  ino( 
lations,  spaced  and  in  dosage  like  those  for  other  loc 
ized  cutaneous  infections,  generally  making  superflut 
the  more  heroic  measures  like  epilation;  though 
times  it  will  be  found  desirable  to  fortify  the  inoculati 
with  x-ray  epilation. 

Furunculosis. — Subacute  and  chronic  boils  are  si 
cessfuUy  combated  by  inoculations  of  Staphylococi 
aureus,  a  fact  which  Wright  demonstrated  in  his  earli 
attempts  at  bacterial  therapy.  Here  one  may  use 
stock  vaccine,  though  for  reasons  already  alluded 
and  again  because  some  cases  of  chronic  boils  react  mt 
favorably  to  autogenous  vaccines,  the  latter  are  pref 
able.  Opsonic  measurements  shoT\-  a  characteris 
wave,  and  where  the  opsonic  index  is  used  for  guidar 
inoculations  are  performed  at  intervals  of  five  to  sev 
days,  and  in  doses  of  100  to  .500  million  staphylococ 
Very  often  a  single  inoculation  is  sufficient  to  bring 
end  to  the  recurrent  furunculosis:  again,  one  must  : 
peat  the  injection  according  to  symptomatic  indicatioi 
chief  among  which  is  a  tendency  to  relapse. 

Both  in  acne  and  in  furunculosis  the  usual  surgii 
measures,  like  deep  incision  and  forcible  expression 
comedones  or  pus,  are  superfluous  when  inoculatio 
succeed  in  modifying  the  disease. 

Staphylococcic  Carbunck. — As  in  acute  and  chroi 
boils,  so  in  this  closely  allied  but  more  formidable  i 
fection  with  its  necrotic  tendency,  inoculations  wi 
autogenous  staphylococci,  if  performed  early,  abort  t 
carbuncle;  and  at  later  stages  hasten  the  reparati 
process,  even  in  the  more  chronic  and  sluggish  types. 

Eczema. — That  some  forms  of  eczema  will  be  ber 
fited  by,  or  even  yield  completely  to,  bacterial  inocu! 
tion  seems  to  be  promised  by  the  author's  experieni 
In  several  cases  of  chronic  localized  eczema  Staphyloa 
cus  citreus  or  aureus,  sometimes  alone,  again  mixed  wi 
albus,  have  been  readilj'  recovered  from  the  eczemato 
lesions,  and  under  the  influence  of  these  staphylococi 
inoculations  in  average  doses  of  200  million,  spaced  fi 
to  seven  days  apart,  improvement  and  recovery  ha 
been  effected  in  individuals  whose  malady  had  be 
treated  by  various  other  methods  without  avail, 
course  tliis  is  not  (o  say  that  ordinary  acute  eczer 
should  be  subjected  to  bacterial  therapj',  or  at  least  n 
until  the  generally  successful  local  applications  ha 
failed  to  promote  recovery.  But  in  the  more  chroi 
and  intractable  eczemas,  and  probably  also  in  the  ge 
eralized  eczema  of  infancy  where  the  usual  lines  of  tres 
ment  are  ineffective,  inoculations  with  autogenous  st 
phylococci  are  worthy  of  trial,  alone  or  in  combinatii 
with  other  well-established  measures. 

Impetigo. — This  cutaneous  disease  usually  subsic 
under  the  local  and  general  measures  in  vogue  with  d( 
matologists,  but  occasionally  a  case  is  encountered 
which  the  pustular  lesions  of  impetigo  fail  to  mend, 
continue  to  appear  in  spite  of  these  efforts.  It  is  he 
in  order  to  test  the  efficacy  of  inoculations  with  staph 
lococci  which  may  alone  be  isolated  from  the  impeti 
nous   pus,  or  of  the  staphylococcus  and  streptococc 
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when  these  are  associated,  and,  if  the  writer's  personal 
experience  is  a  criterion,  very  satisfactory  results  are 
thus  obtainable. 

Seborrhaiic  Eczema. — In  two  cases  of  this  generally 
chronic  affection,  which  is  often  confused  with  pso- 
riasis, but  differs  in  both  its  morbid  anatomy  and  its 
bacteriology,  I  have  achieved  a  successful  outcome  by 
inoculations  of  the  Staphylococcus  aureus  secured  from 
the  diseased  skin,  in  doses  of  200  to  500  million,  at  in- 
tervals of  five  to  fourteen  days ;  and  this  after  thorough 
trial  of  the  measures  practised  by  skilled  dermatologists. 

Psoriasis. — Likewise  in  psoriasis  I  have  obtained  un- 
doubted evidence  to  indicate  that  valuable  aid  in  this 
too  often  intractable  disease  will  be  afforded  by  inocu- 
lations of  the  Staphylococcus  albus,  which  is  readily  ob- 
tained in  culture  from  the  psoriatic  scales;  although 
this  is  not  to  claim  that  such  staphylococci  are  the  sole 
etiological  factors,  if,  indeed,  they  have  any  causative 
relationship.  Here  relatively  large  doses  of  staphylo- 
coccus (500  million  to  1  billion)  seem  to  be  required, 
especially  in  treating  generalized  psoriasis  of  long 
standing,  and  the  aid  of  such  measures  as  hot  baths, 
friction,  and  massage  to  increase  the  blood  supply  to 
the  superficial  layers  of  diseased  skin  is  desirable. 

Traumatic  Surgical  Infection. — A  very  wide  field  for 
the  useful  application  of  opsonic  therapjf  is  embraced 
in  the  infections  that  follow  accidents  or  surgical  opera- 
tions. Here,  of  course,  we  usually  have  to  do  with  the 
common  pus  microbes,  and  in  such  affections  as  phleg- 
mon, cellulitis,  lymphangitis,  and  lymphadenitis  produced 
by  the  staphylococci  and  streptococci,  therapeutic 
inoculations,  in  conjunction  with  the  less  severe  sur- 
gical measui'es  like  hot  fomentations,  induced  hyper- 
a;mia,  and  incision  limited  in  extent  and  only  for  the 
purpose  of  evacuating  and  allowing  gravity  drainage 
for  pus,  will  be  of  signal  service.  In  the  more  acute  and 
more  rapidly  spreading  infections  inoculations  are  best 
performed  at  intervals  of  one  to  three  days  until  the 
process  is  in  check,  after  which  the  interval  is  to  be 
extended  according  to  symptomatic  indications. 

Sinuses  and  Fisttilas. — Unhealed,  discharging  tracts 
following  operation  or  the  spontaneous  discharge  of 
purulent  accumulations  which  have  stubbornly  resisted 
all  the  artifices  of  the  surgeon,  can,  in  practically  all  in- 
stances, be  benefited  by  inoculations  of  one  or  more 
bacterial  species  secured  from  the  discharge,  or  from  the 
diseased  tissue  of  the  tract ;  and  in  the  majority  of  cases 
the  reparative  impulse  can  be  maintained  by  flirt  her 
bacterial  therapy  until  full  healing  has  occurred;  pro- 
vided, of  course,  that  there  is  no  mechanical  obstacle 
to  final  success,  like  necrotic  bone,  or  foreign  material 
accidentally  lost  during  surgical  manipulations.  In  the 
more  recent  unhealing  openings,  where  the  bacteriology 
is  usually  that  of  a  single  well-known  species  like  one  of 
the  staphylococci,  streptococci,  or  colon  bacillus,  one  or 
two  inoculations  may  suffice  to  turn  the  tide  in  favor 
of  rapid  and  perfect  healing.  In  more  chronic  sinuses, 
especially  if  multiple,  and  "harboring  several  bacterial 
species  in  the  pus,  inoculations  must  naturally  be  longer 
continued,  and  modified  to  meet  such  changes  as  the 
flora  of  the  discharge  may  show.  But  even  in  very  an- 
cient examples  of  single  and  multiple  fistulas  or  sinuses, 
perhaps  even  of  a  mixed  tuberculous  and  pyogenic  origin, 
or  fecal  in  character  if  in  the  abdomen,  successful  clos- 
ure can  at  times  be  achieved  by  appropriate  bacterial 
inoculations,  together  with  progressive  betterment  of  the 
patient  through  the  control  of  vicious  auto-inoculation. 

Septicoemia,  Puerperal  Sepsis,  and  Infective  Endocar- 
ditis'.—Contravy  to  the  opinion  expressed  by  Wright  in 
his  earlier  communications,  it  now  appears  that,  occa- 
sionally at  least,  a  favorable  issue  is  to  be  anticipated 
where  bacterial  inoculations  are  directed  to  the  conquest 
of  a  generalized  infection.  The  most  striking  case  in 
this  category  is  the  one  reported  by  Barr,  Bell,  and 
Douglas,  in  which  a  patient  with  streptococcus  septi- 
CEemia,  iliac  venous  thrombosis,  a  dilated  heartwith  its 
usual  consequences,  and  what  was  clinically  diagnosed 
as  an  infective  endocarditis,  was  brought  to  a  final  re- 


covery with  inoculations  of  the  streptococcus  secured 
from  the  blood.  Several  additional  cases  have  been  re- 
ported in  which  a  streptococcus  or  staphylococcus  sep- 
ticasmia  was  treated  by  bacterial  therapy.  In  some  of 
these  cases  the  presence  of  infective  endocarditis  was 
established  clinically  or  by  autopsy,  and  while  the  issue 
was  not  favorable  in  all  these  attempts,  enough  ha.s  been 
learned  to  justify  the  trial  of  autogenous  therapeutic 
immunization  in  these  desperate  conditions. 

My  first  attempt  to  treat  a  puerperal  sepsis  by  inocu- 
lations was  most  satisfactory  in  its  outcome,  since  two 
injections  of  the  streptococcus  obtained  unmixed  from 
the  exudate  of  the  infected  endometrium  served,  in 
three  days,  to  change  the  exceedingly  grave  aspects  of 
what  appeared  to  be  a  violent  infection  to  a  state  of 
rapid  and  perfect  convalescence. 

Thoracic  Empyema. — How  much  aid  therapeutic  im- 
munization may  be  expected  to  give  in  recent  em- 
pyemas, freshly  drained  by  adequate  opening,  is  prob- 
lematical, for  of  course  there  is  to  be  considered  the 
spontaneous  tendency  toward  healing  in  such  cases, 
particularly  in  young  individuals.  A  wise  precaution 
under  these  circumstances  would  be  to  prepare  and 
have  in  readiness  a  vaccine  of  the  autogenous  pneumo- 
coccus  or  streptococcus,  most  common  inciters  of  recent 
empyemas,  and  to  institute  inoculations  in  case  of 
tardy  or  unsatisfactory  progress. 

With  old,  neglected  empyemas,  and  especially  those 
with  bronchial  perforation,  the  outlook  even  with  proper 
drainage  and  all  manner  of  surgical  manipulations  is  gen- 
erally recognized  as  unpromising.  Here  the  indication 
for  therapeutic  inoculations  of  the  microbes,  isolated 
from  the  pus  obtained  through  the  thoracic  incision  or 
by  aspiration,  may  be  said  to  be  always  in  order,  and, 
if  carried  out  with  proper  precautions  and  in  con- 
junction with  adequate  drainage,  will  materially  im- 
prove the  prospects  for  full  recovery. 

Finally  in  that  group  of  much-dreaded  examples  of 
old,  unhealed,  suppurating  empyemas,  with  or  without 
bronchial  perforation,  where  surgical  interventions  like  in- 
cision, thoracoplastic  operations,  and  all  kinds  of  devices 
for  obtaining  continuous  drainage  fail,  many  apparent- 
ly hopeless  cases  can  be  brought  to  final  perfect  restora- 
tion by  correctly  applied  immunization  with  one  or 
more  microbic  species  of  autogenous  origin.  It  is,  of 
course,  essential  to  success  for  opsonic  therapy  to  be 
instituted  before  extensive  amyloid  metamorphosis  has 
hopelessly  damaged  the  viscera,  and  that  the  individual 
should  not  have  had  his  power  of  response  destroyed 
by  habitual  use  of  alcohol  or  opium;  and  failure  even 
in  the  absence  of  these  contraindications  should  not  be 
too  heavily  charged  against  the  inoculation  method. 
But  with  the  capacity  for  immunizing  impulse  still  in 
existence,  some  truly  surprising  results  are  in  store  for 
those  who  will  patiently  subject  to  treatment  these  old 
thoracic  suppurations,  with  inoculations  of  the  microbes 
constituting  the  flora  of  a.  chronic  empyema  (changing 
the  vaccines  as  the  bacteria  of  the  flora  may  change). 
Such  seemingly  impossible  effects  as  healing  of  a  very 
old  bronchial  perforation,  diminution  and  cessation  of 
suppuration,  and,  by  some  means,  the  closure  of  im- 
mense pleural  pus  sacs  from  which  for  many  months 
copious  and  not  rarely  most  foetid  pus  has  issued, 
are  to  be  accomplished  by  the  inoculations,  aided  only 
by  general  hygienic  measures,  and  possibly  by  medi- 
cation to  increase  the  coagulability  of  the  blood,  which 
is  usually  low  in  these  conditions. 

Urinary  Infection. — In  one  particular  form  of  non- 
tuberculous  ascending  urinary  infection  the  prospects 
for  successful  opsonic  therapy  seem  good,  judged  by  the 
cases  already  reported,  of  wliich  the  author  has  fur- 
nished one  most  striking  record,  viz.,  in  that  due  to  in- 
fection with  the  colon  bacillus.  Here,  even  in  a  condi- 
tion that  seemed  desperate  and  hopeless  judged  by  all 
ordinary  standards,  and  where  a,  heavy  pyuria  accom- 
panied a  cvstitis  and  unilateral  pyonephrosis,  rapid  re- 
covery followed  on  five  inoculations  of  the  autogenous 
colon  bacillus  (which,  because  it  happened  to  be  much 
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less  virulent  than  the  type  obtained  in  other  abdominal 
suppurations,  was  used  in  doses  of  200  million  to  1  bil- 
lion") spaced  five  to  ten  days— a  recovery  that  has  been 
perfectly  sustained  for  over  a  year  since  the  treatment 
began. 

But  in  other  cases  of  cystitis,  as  those  with  stone  or 
enlarged  prostate,  especially  where  a  mixed  bacterial 
flora  abounds,  the  outlook  is  not  so  good,  though  one 
may  at  least  relieve  the  patient  by  the  agency  of  autog- 
enous bacterial  inoculations  from  such  evidences  of 
vicious  auto-inoculation  as  the  symptoms  of  chronic 
sepsis,  and  of  rheumatoid  affections,  which  here,  as  else- 
where with  chronic  suppurative  foci,  may  cause  much 
distress. 

Other  Localized  Pyogenic  A  flections. — In  contemplat- 
ing the  field  of  useful  application  for  bacterial  therapy 
as^directed  to  localized  non-tuberculous  and  non-gonor- 
rhceal  suppurations,  it  is  clear  that  a  wide  range  of  re- 
gional diseases  is  embraced.  Amcmg  those  that  have 
already  been  attempted,  and  many  with  satisfactory 
outcome,  there  are  to  be  mentioned  acute  and  chronic 
otitis  media  and  mastoid  suppuration,  suppuration  of  the 
cranial  sinuses  with  thrombo-phkbitis  and  the  antrum  oi 
Highmore,  pyorrhata  alveolaris,  and  abscesses  of  the  sali- 
vary glands.  Chronic  bronchitis,  in  some  of  its  forms  at 
least,  is  also  amenable  to  therapeutic  immunization  as  I 
have  learned  in  one  long-standing  case  of  recurrent 
foetid  bronchitis  with  Bacillus  mucosus  capsulatus  as 
the  predominating  organism,  and  in  which  most  satisfac- 
tory curative  impulses  have  followed  the  inoculations 
with  the  autogenous  bacterium.  Colon  bacillus  infec- 
tions of  the  gall  bladder  and  of  the  intestinal  mucosa 
have  been  successful!}''  treated  by  inoculations ;  and  my 
personal  experience  in  one  such  case  inclines  me  to  be- 
lieve that  in  acute  appendicitis,  when  operation  is  re- 
fused, inoculation  with  colon  bacilli  from  appendical  pus 
will  prove  alike  justifiable  and  beneficial. 

Pneumonia  and  Acute  Cerebrospinal  Meningitis. — 
Some  experiments  with  pneumococcus  inoculations  in 
pneumonia  have  been  reported ;  their  outcome  was  in- 
conclusive, as  might  readily  be  imagined.  Likewise, 
inoculations  with  the  meningococcus  in  cerebrospinal 
meningitis  have  been  tested  in  isolated  cases,  and  here 
again  no  opinion  is  justifiable  as  to  the  results,  for  sev- 
eral cases  were  in  the  advanced  hydrocephalic  stage  in 
which  final  .recovery  without  treatment  is  not  uncom- 
mon, and  the  proportion  of  satisfactory  issues  in  the 
earlier  cases  was  not  such  as  to  rule  out  the  possibility 
of  spontaneous  recovery. 

Regional  Tuberculosis. — Inoculations  of  tubercle  vac- 
cine (T.  R.  or  B.  E.)  have  been  employed  with  benefit  in 
many  forms  of  localized  infections  with  the  tubercle 
bacillus.  In  lupus  of  the  skin  a  considerable  number  of 
cases  have  already  been  recorded,  most  of  them  failures 
under  other  modes  of  therapy,  and  of  great  chronicity; 
and  in  the  majority  full  recovery  has  been  achieved  by 
inoculations  of  tubercle  vaccine,  varying  in  duration 
from  one  month  to  a  year  or  even  longer.  In  treating 
especially  the  dry,  scaly,  erythematovis  form  of  lupus, 
and  also  in  connection  with  tuberculin  inoculations  for 
tuberculous  adenitis,  even  when  a  mixed  infection  is 
not  demonstrable,  occasional  injections  of  staphylococ- 
cus vaccine  appear  to  improve  the  progress ;  this  is  also 
true  of  some  other  tuberculous  diseases,  as  of  the  bones, 
joints,  and  synovial  sheaths.  In  lupus  of  the  mucous 
membranes,  especially  in  the  chronic  ulcerative  types, 
beneficial  results  usually  follow  the  inoculations  of  T.  R. 
alone,  or  in  combination  with  pyogenic  cocci. 

Chronic  tuberculous  lymphadenitis  marks  another  af- 
fection in  which  the  application  of  Wright's  method 
proves  most  advantageous.  Improvement  and  ulti- 
mate recovery  under  the  impulse  of  therapeutic  im- 
munization, with  small  doses  of  tuberculin  (aided  by 
vaccines  of  common  pyogenic  bacteria  if  these  compli- 
cate the  adenitis)  is  the  rule  in  these  cases,  and  much 
is  to  be  accomplished  in  the  way  of  avoiding  the  exten- 
sive operations  of  complete  eradication,  until  recently 
the  only  rational  therapeutic  procedure.     Of  course  the 


opsonist  will  encounter  cases  in  which  liquefaction  of 
tuberculous  gland  substance  cannot  be  avoided,  but, 
with  the  immunity  aroused  by  proper  inoculations,  one 
may  evacuate  these  accumulations  through  aspiration 
with  a  syringe,  or  by  drainage  through  the  track  of  in- 
cision with  a  long,  narrow  tenotome,  thus  avoiding  even, 
the  scars  of  ordinary  incisions.  And  where  calcareous 
or  dry  caseous  masses  fail  to  resolve,  they  can  be  re- 
moved through  small  incisions.  Where  sinuses  are 
present  from  previous  operations  or  spontaneous  evac- 
uation, the  search  for  secondary  microbes  should  not  be 
neglected.  The  duration  of  inoculation  treatment  di- 
rected against  tuberculosis  of  the  lymph  glands  varies. 
I  have  seen  an  old  sinus  close  and  the  mass  of  enlarged 
cervical  glands  melt  into  impalpable  tissue  under  the 
influence  of  three  inoculations  of  T.  R.  and  staphylc 
coccus  vaccine,  spaced  ten  days  apart.  Another  case 
with  two  sinuses  and  extensive  unilateral  cervical  adeni- 
tis, with  mixed  tubercle  bacillus,  staphylococcus,  and 
streptococcus  infection,  has  made  such  progress  that  the 
upper  sinus  is  healed,  the  lower  one  almost  closed,  and 
the  mass  of  glands  reduced  to  three  with  probable  calca- 
reous metamorphosis:  this  the  result  of  three  months  of 
inoculation  treatment,  as  contrasted  with  one  year's  un- 
availing effort  with  ordinary  medical  and  operative 
measures.  Again,  this  time,  where  the  affected  glands 
while  large  were  originally  very  hard  and  probably  case- 
ous and  calcareous,  no  appreciable  diminution  has  been 
noted  after  three  months  of  T.  R.  inoculations. 

In  urinary  infection  with  the  tubercle  bacillus  the  out- 
look for  therapeutic  inoculation  is  also  promising.  My 
first  patient,  whose  treatment  began  over  a  year  ago  and 
who  then  suffered  with  frequent  urination,  marked 
pyuria  (tubercle  bacillus  and  pneumococcus),  debility, 
a  cough,  and  signs  of  apical  trouble  in  the  left  lung,  and 
in  whom  a  diamosis  of  tuberculosis  of  the  left  kidney 
and  bladder  had  been  made,  is  to-day  in  a  state  of  what 
seems  to  be  perfect  recovery,  both  as  to  general  health 
and  a  urinary  secretion  absolutely  free  from  pus  and 
tubercle  bacilli.  In  this  case  inoculations  with  T.  R. 
and  the  pneumococcus  from  the  urine  were  carried  out 
steadily  on  alternate  weeks  for  three  or  four  months, 
then  at  longer  intervals.  Similarly  favorable  results 
have  been  reported  by  Wright  and  his  associates. 

Among  the  other  regional  tuberculous  infections  of 
hsematogenous  origin,  those  of  bones,  joints,  tendon- 
sheaths,  iris,  and  of  the  epididymis  have  been  reported 
upon  as  subjected  to  opsonic  therapy.  As  a  rule  the 
results  have  been  satisfying ;  improvement  was  ob- 
served in  nearly  all  the  patients  remaining  under  treat- 
ment a  sufficient  period,  and  a  goodly  number  of  recov- 
eries, some  of  them  very  remarkable,  are  specified. 
The  duration  of  treatment  varied  from  two  or  three 
months  to  a  year  or  longer. 

Pulmonary  Tuberculosis. — It  is  still  too  early  to  speak 
with  assurance  as  to  the  range  of  usefulness  for  opsonic 
therapy  in  tuberculosis  of  the  lungs,  or  as  to  the  re- 
sults to  be  obtained  by  Wright's  method  of  very  minute 
doses  at  comparatively  long  intervals  compared  with  the 
method  of  graduated  intensive  immunization  with  tuber- 
culin as  carried  out  by  others.  From  several  quarters 
favorable  results  have  been  reported,  even  in  cases  of 
well-advanced  phthisis,  especially  in  those  in  which  vac- 
cines of  autogenous  streptococcus  or  staphylococcus 
were  used  along  with  the  tubercle  vaccine.  But  here, 
as  in  any  other  promising  line  of  biological  therapy  di- 
rected to  this  formidable  malady,  so  many  obstacles  of 
a  mechanical  kind  (caseous,  calcareous,  necrotic  mate- 
rial, especially  in  cavities)  are  present  in  the  affected 
lungs  of  advanced  phthisis  that  neither  success  nor  fail- 
ure should  be  too  greatly  magnified.  With  early  and 
sharply  localized  pulmonary  tuberculosis,  or  even  in 
more  extensive  disease  in  which  the  clinical  picture  of 
the  non-febrile  type  is  presented,  bacterial  inoculations 
appear  to  augment  the  reparative  process,  especially 
when  used  in  conjunction  with  the  hygienic  treatment 
now  so  popular. 

Gonorrhmal  Affections. — Here,   as   with  tuberculosis, 
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inoculations  are  usually  performed  with  a  "  stock  " 
vaccine,  because  of  the  difficulty  frequently  encoun- 
tered in  isolating  and  cultivating  the  gonococcus  from 
a  smgle  case.  Testimony  as  to  the  value  of  gonococcic 
inoculations  is  conflicting,  and,  in  part  at  least,  this 
may  be  due  to  the  variation  in  therapeutic  effeotive- 
iie.ss  of  vaccines  of  varying  origin.  However,  with  a 
good  gonococcus  vaccine  there  is  no  question  about  its 
therapeutic  potency  when  directed  against  the  inflam- 
matory complications  of  acute  and  subacute  gonor- 
rhoea, as  the  writer  has  seen  most  strikingly  evidenced 
in  cases  of  epididymitis,  halano-posthitis,  -proctitis,  and 
conjunctivitis.  In  acute  gonorrhceal  arthritis,  also,  the 
•outcome  following  inoculations  of  a  potent  gonococcus 
vaccine  in  doses  of  10  to  50  millions  is  gratifying. 
Many  cases  of  chronic  gonorrhoeal  arthritis,'  some,  in- 
deed, in  which  serious  joint  changes  seem  to  prohibit 
improvement,  do  remarkably  well  under  a  course  of 
gonococcus  inoculations,  especially  when,  in  the  common 
«vent  of  a  secondary  infection  of  the  structures  about 
the  base  of  the  male  bladder,  inoculations  with  the  sec- 
ondary organisms  are  used  along  with  the  gonococcus 
vaccine. 

In  the  treatment  of  acute  gonorrhoeal  urethritis  the 
function  of  inoculations  of  the  gonococcus  is  not  yet 
clearly  defined.  In  using  this  organism  alone  it  is  ques- 
tionable whether  the  average  case  of  bleimorrhagia  is 
beneficially  affected  by  inoculation.  However,  it  is 
here  that  we  frequently  have  to  deal  with  a  mixed  in- 
fection, and,  as  I  have  satisfied  myself  on  a  number  of 
occasions,  one  not  uncommon  associate  of  the  gonococ- 
cus is  the  pseudodiphtheria  bacillus,  with  whose  patho- 
genic activities  we  are  only  recently  becoming  familiar. 
In  my  own  work  it  has  appeared  that  the  results  in  acute 
urethritis  were  much  better  when  the  mixed  gonococcus 
and  pseudodiphtheria  vaccines  were  used  in  cases  with 
the  corresponding  infections,  but  I  have  yet  to  satisfy 
myself  that  this  affection  or  chronic  urethritis,  ve.ficu- 
litis,  or  prostatitis  can  be  conquered  with  inoculations 
unfortified  by  the  other  common  remedial  agents,  though 
they  promise  to  become  most  useful  adjuncts.  In  some- 
thing of  the  same  bearing  it  is  probable  that  therapeutic 
inoculations,  as  now  practised,  will  stand  in  relation  to 
the  gonorrhoeal  diseases  of  uiomen  and  of  children. 

Inoperable  Malignant  Tumors. — Considerable  experi- 
mentation has  been  done  in  testing  the  efficacy  of  bac- 
terial inoculations,  specifically  of  the  Micrococcus  neo- 
jormans  of  Doyen,  in  inoperable  malignant  tumors. 
This  is  the  microbe  which  Doyen  found  frequently  pres- 
ent in  carcinoma,  and  for  which  he  wished  to  prove  an 
etiological  relationship.  In  both  its  morphological  and  bi- 
ological features  the  organism  resembles  Staphylococcus 
alhus,  and  it  is  not  improbable  that  it  really  is  a  mem- 
ber of  this  common  pus-forming  group,  which  has  pene- 
trated into  the  cancerous  tissue  as  a  secondary  invader, 
perhaps  thus  hastening  the  destructive  growth  of  the 
neoplasm.  It  is  on  somewhat  such  an  assumption  as 
this  that  Wright  has  proposed  the  use  of  neoformans 
vaccine  in  treating  inoperable  tumors,  and  there  are 
trustworthy  reports  that,  in  some  cases  at  least,  most 
surprising  betterment  has  followed  these  inoculations, 
a,mounting,  in  a  few  fortunate  instances,  to  a  seemingly 
perfect  recovery ;  an  early  report  recording  seven  such 
favorable  cases  being  that  by  Jacobs  and  Geets. 

In  the  only  case  of  inoperable  malignant  tumor  that 
I  have  personally  undertaken  to  treat  by  bacterial  ther- 
apy, a  recurrent  malignant  adenoma,  filling  the  pelvis 
with  a  large  adherent  mass,  and  penetrating  the  rectum, 
to  produce  ulceration,  bleeding,  difficult  stools,  and 
much  pain,  very  decided  diminution  in  the  tumo''  mass, 
and  a  comforting  amelioration  of  the  rectal  distress  and 
pain,  have  been  brought  about  by  inoculation  of  Micro- 
coccus neoformans,  to  which  has  been  added  a  vaccine 
from  the  colon  bacillus  secured  from  the  pus  of  the  ul- 
cerated rectum.  A  Ibert  P.  Ohlmacher. 
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ates Wright  s  A  Short  Treatise  on  Antityphoid  Inoculations  " 
contains  full  reference  to  the  papers  which  had  appeared  up  to 
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toljowmg  the  current  issues  of  these  journals. 

During  the  last  year  articles  dealing  with  both  the  theoretical 
and  the  practical  aspects  of  opsonic  therapy  have  appeared  in  such 
American  journals  as  The  Journal  of  the  American  Medical  Asso- 
ciation, The  Journal  of  the  Ohio  State  Medical  Association,  The 
American  Journal  of  the  Medical  Sciences,  and  Surgery.  Gynecol- 
ogy, and  Obstetrics:  while  the  more  distinctly  theoretical  aspects 
hnve  been  discussed  m  such  special  periodicals  as  The  Journal  of 
Experimental  Medicine,  The  Journal  of  Medical  Research,  and 
Ihe  Journal  of  Infectious  Diseases. 

In  the  German  literature  the  principal  articles  are  those  by 
Weinstein  m  Berliner  klinische  Wochenschrift,  Nos.  30  and  39,  1906. 

PERITONITIS.— (Peritonaeitis,  Inflammatio  peritonei.) 
The  peritoneum  is  a  thin  membrane  of  connective  tissue 
extremely  rich  in  blood-vessels  and  lymphatics,  and  is 
covered  by  a  single  layer  of  flattened  endothelial  (meso- 
thehal)  cells  (often  called  epithelial).  These  cells  are 
chiefly  polygonal,  but  the  cell  outlines  are  often  very 
irregular,  serrate,  or  wavj-.  By  treatment  with  silver 
nitrate  or  by  intra  vitam  staining  with  methylene  blue, 
the  cement  lines  between  the  cells  can  be  made  out ;  and 
by  especial  methods  of  technique  the  so-called  intercellu- 
lar protoplasmic  bridges  connecting  the  cells  may  lie 
demonstrated.  The  connective-tissue  layer  consists  of 
an  interlacing  network  of  fibrous  connective-tissue  bun- 
dles, numerous  elastic  fibres,  and  connective-tissue  cells. 
Through  this  there  runs  a  very  abundant  capillary  and 
lymphatic  network  having  a  free  anastomosis.  The 
majority  of  writers  hold  that  the  lymphatics  communi- 
cate directly  with  the  peritoneal  cavity  by  means  of  small 
openings  between  the  mesothelial  cells,  known  as  stoma- 
ta.  Some  of  these  writers  regard  the  endothelial  lining 
of  the  lymph  spaces  of  the  peritoneal  basement  membrane 
as  continuous  with  the  lining  of  the  peritoneal  cavity. 
This  is  not  the  case,  however,  and  the  mesothelial  cells 
form  a  probably  unbroken  layer  over  both  the  blood 
and  the  lymphatic  vessels,  the  processes  of  absorption 
and  secretion  being  carried  on  through  the  two  laj'ers  of 
cells,  endothelial  and  mesothelial.  The  absorption  capac- 
ity of  the  peritoneal  surface  is  very  great,  being  fully 
equal,  in  the  case  of  experiments  with  certain  poisons,  to 
that  of  direct  intravenous  injections.  Gases,  fluids,  and 
even  morphological  elements  may  be  quickly  removed 
from  the  peritoneal  cavity.  On  the  other  hand,  the 
secretory  activity  of  the  immense  vascular  surface  of  the 
.peritoneum  is  very  great,  and  in  disturbances  of  the  vas- 
cular secretion  an  immense  amount  of  exudate  may  pass 
through  the  peritoneum  into  the  peritoneal  cavity.  The 
endothelial  and  connective-tissue  cells  of  the  basement 
membrane  respond  very  quickly  to  "  irritation "  of  any 
kind,  and  fibroblastic  activity  is  set  up  more  quickly  in 
the  peritoneum  than  anywhere  else  in  the  body.  The 
course  of  peritoneal  inflammations  is  considerably  modi- 
fied by  these  factors. 

The  peritoneum  lines  the  entire  abdominal  cavity,  and 
is  reflected  over  the  organs  contained  within  it.  Over 
the  organs  it  forms  the  serous  coat  or  capsule  (tunica 
serosa).  The  membrane  is  attached  to  the  underlying 
parts  by  a  subserous  coat  of  adipose  tissue,  connective- 
tissue  bands  and  elastic  fibres.  Over  the  organs  the  sub- 
serosa  is  but  slightly  developed.  The  anatomical  rela- 
tions of  the  peritoneum  to  the  abdominal  wall,  its 
investiture  of  the  abdominal  organs,  the  intimate  rela- 
tions of  the  peritoneal  cavity  to  the  female  genital  tract, 
etc.,  in  connection  with  its  very  vascular  structure, 
peculiarly  predispose  this  membrane  to  the  occurrence  of 
inflammatory  processes.  Such  a  predisposition  is  shown 
by  the  fact  that  peritonitis  is  one  of  the  most  common 
and  important  clinical  conditions.  It  is  also  one  of  the 
most  serious.  The  high  mortality  of  acute  general  peri- 
tonitis makes  it  one  of  the  most  dreaded  affections. 
Even  in  these  days  of  aseptic  surgery  when  so  many 
operative  procedures  have  been  divested  of  their  chief 
dangers,  peritonitis  still  remains  to  the  abdominal  sur- 
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geon  and  gynecologist  one  of  the  complications  most 
feared  and  most  carefully  to  be  avoided. 

The  occurrence  of  peritonitis  is  not  dependent  upon 
climatic,  seasonal,  or  meteorological  influences.  Females 
are  more  frequently  affected  than  males,  this  fact  being 
dependent  upon  the  important  role  which  diseases  of  the 
female  genital  tract  play  in  the  causation  of  peritonitis. 
It  is  therefore  seen  more  often  during  the  years  of  sexual 
activity,  but  may  occur  at  any  age.  It  is  of  not  infre- 
quent occurrence  in  young  children.  The  relation  of 
peritonitis  as  a  complication  to  many  of  the  acute  infec- 
tions makes  its  occurrence  to  a  certain  degree  associated 
■with  epidemics  of  these  diseases.  Alcohol  is  regarded 
as  a  predisposing  factor. 

Etiology.— Peritonitis  may  he  primary  or  secondary. 

Primary  peritonitis  is,  if  we  except  the  surgical  form, 
of  much  more  rare  occurrence  than  the  secondary.  It  is 
usually  traumatic,  more  rarely,  idiopathic,  spontaneous,  or 
rheumatic. 

Traumatic  peritonitis  is  most  commonly  due  to  per- 
forating wounds  of  the  abdomen.  Abdominal  injuries 
in  which  the  wall  is  not  penetrated  rarely,  if  ever,  direct- 
ly cause  peritonitis.  Nevertheless,  blows,  kicks,  falls, 
etc.,  are  often  adduced  as  causes  of  peritonitis.  The 
more  severe  the  injury,  the  more  likely  is  the  occurrence 
of  peritonitis.  Hemorrhage  into  the  peritoneal  cavity 
is  usually  followed  by  inflammation  of  the  peritoneum. 
Likewise,  trauma  may  indirectly  cause  peritonitis  through , 
the  perforation,  laceration,  tearing,  or  bruising  of  the 
stomach  or  intestines,  rupture  of  the  gall  bladder,  pan- 
creatic duct,  urinary  bladder,  etc.,  these  lesions  permit- 
ting the  entrance  of  micro-organisms  into  the  peritoneal 
cavity.  The  perforation  of  the  oesophagus  or  stomach  by 
the  careless  passage  of  a  sound  or  stomach  tube  may  also 
be  a  causal  factor  in  the  production  of  peritonitis. 

Operative  or  surgical  peritonitis  may  be  mentioned  in 
this  connection.  Before  the  days  of  antisepsis  and  asep- 
sis a  large  proportion  of  laparotomies  were  fatal  from  the 
peritonitis  following  the  operation.  Even  at  the  present 
day  the  chief  anxiety  attending  operations  involving  the 
peritoneal  cavity  is  the  possibility  of  peritonitis.  The 
vast  improvement  in  surgical  technique  has,  however, 
greatly  reduced  the  number  of  cases  of  post-operative 
peritonitis,  and  in  certain  operations  in  which  there  is, 
with  proper  methods,  no  opportunity  for  infection  the 
peritoneal  cavity  is  opened  with  a  certain  degree  of  im- 
punity. The  occurrence  of  surgical  peritonitis  is  depend- 
ent upon  several  factors :  the  character  of  the  operation 
and  the  possibility  of  infection  during  the  operative  pro- 
cedures, the  amount  of  damage  done  to  the  peritoneal 
tissues,  the  state  of  the  general  resistance  of  the  mem- 
brane to  infection,  etc.  Surgical  peritonitis  is  due  to  the 
introduction  of  bacteria  into  the  peritoneal  cavity.  But 
not  all  bacteria  which  gain  an  entrance  into  the  peritoneal 
cavity  set  up  an  inflammation  there.  It  has  been  shown 
experimentally  that  rather  large  quantities  of  bacteria, 
even  of  the  pus  cocci,  may  be  introduced  into  the  peri- 
toneal cavity  of  animals  without  causing  peritonitis,  the 
bacteria  entirely  disappearing  after  a  short  time.  The 
presence  of  a  tissue  lesion,  even  though  very  slight,  or 
the  simultaneous  introduction  into  the  cavity  of  irritating 
substances,  furnishes  the  conditions  requisite  for  the 
growth  of  the  bacteria  and  for  the  production  of  an  in- 
flammation. The  peritoneum  therefore  when  uninjured 
must  possess  a  certain  protective  power  against  bacteria. 
This  resistance  is  found  to  be  lowered  in  the  case  of 
hemorrhage  into  the  cavity,  after  the  removal  of  ascitic 
fluid,  and  in  cases  of  pseudomyxoma  peritonei.  The 
general  condition  of  the  body,  conditions  of  intoxication, 
cachexia,  etc.,  also  play  a  r61e  of  importance.  Fatal 
peritonitis  may  follow  the  tapping  of  the  abdomen  in 
ascites,  the  small  number  of  bacteria  introduced  by 
means  of  a  septic  trocar  being  sufficient  to  overcome  the 
lessened  resistance.  "When  modern  methods  of  asepsis 
are  properly  carried  out  the  dangers  of  surgical  peri- 
tonitis are  relatively  slight  in  all  cases  in  which  the  con- 
tamination of  the  peritoneum  with  septic  material  can 
be  avoided.     Even  when  this  contamination  does  occur, 


the  modern  procedures  of  thorough  irrigation  have  great- 
ly reduced  the  chances  of  infection. 

The  existence  of  a  peritonitis  rheumatica(refrigeratoria) 
has  been  denied  by  many  writers.  While  the  effects  of 
cold  as  a  factor  in  the  etiology  of  peritonitis  were  former- 
ly greatly  exaggerated,  there  can  be  no  doubt,  from  the 
large  number  of  observations  made  by  reputable  clini- 
cians, that  attacks  of  peritonitis  may  follow  the  sudden 
chilling  of  the  overheated  body,  prolonged  exposure  to 
cold  or  wet,  lying  upon  the  cold  damp  ground,  etc.  The 
effects  of  such  chilling  of  the  body  are  especially  notice- 
able when  the  abdominal  vessels  are  overfilled  with  blood 
,  (physiological  congestion).  In  women,  particularly  in  girls 
,  at  the  time  of  puberty,  a  wetting  or  chilling  of  the  body 
.  at  the  menstrual  period  is  not  infrequently  followed  by 
peritonitis.  In  all  of  these  cases  the  effect  of  the  re- 
:  frigeration  is  not  directly  to  excite  the  peritonitis,  but  to 
render  the  membrane  less  resistant  to  infection.  The 
chilling  plays  the  same  role  here  as  in  the  case  of  the 
mucous  membranes.  Diplococci  have  been  demonstrated 
in  the  exudate  of  cases  of  so-called  rheumatic  peritonitis ; 
and  it  is  very  probable  that  all  such  cases  are  infections 
following  and  dependent  upon  a  lessened  resistance  of 
the  body. 

Cases  of  idiopathic  or  spontaneous  peritonitis  have  also 
been  reported  clinically. 

The  autopsy  findings  in  such  cases  show  the  presence 
of  an  infection  proceeding  from  the  female  genital  tract, 
the  appendix,  or  some  other  of  the  abdominal  organs. 
Such  cases  occur  most  frequently  in  females  and  in  very 
young  persons.  In  the  former  the  infection  is  nearly 
always  secondar}'  to  some  unsuspected  condition  of  the 
internal  genitals.  The  gonococcus  plays  an  important 
r61e  in  such  cases,  particularly  in  very  young  girls.  It 
has  been  said  that  the  peritonitis  apparently  arising 
spontaneously  in  young  girls  is  usually  gonococcal,  a 
gonorrhceal  infection  of  the  genital  passages  existing  at 
the  same  time.  In  young  male  children  cases  of  appar- 
ent spontaneous  peritonitis  are  usually  found  to  be  due 
to  appendicitis.  Further,  spontaneous  cases  of  peri- 
tonitis have  been  found  at  autopsy  to  be  ambulatory 
typhoid,  acute  tuberculosis  of  the  peritoneum,  etc.  On 
the  whole  it  may  be  said  that  the  existence  of  a  true  idio- 
pathic peritonitis,  while  probable,  has  not  yet  been  defi- 
nitely demonstrated.  A  cryptogenic  Jimmaiogenous  infec- 
tion of  the  peritoneum  is  of  course  possible  and  certainly 
occurs  in  tuberculous  peritonitis,  but  has  not  yet  been 
shown  positively  to  occur  in  the  case  of  the  pyogenic 
organisms. 

Likewise  the  existence  of  a  toxic  peritonitis,  though 
assumed  by  some  writers,  has  not  been  demonstrated. 
The  occurrence  of  so-called  nephritic  or  uremic  peritonitis 
seen  in  the  late  stages  of  Bright's  disease  is  to  be  regarded 
as  of  the  nature  of  a  terminal  infection,  and  similar  to  the 
pericarditis  and  pleuritis  occurring  in  the  same  disease. 
The  occurrence  of  peritonitis  in  association  with  or  fol- 
lowing various  forms  of  intoxication  is  to  be  explained  in 
the  same  way  as  the  rheumatic — the  lessened  resistance 
of  the  body  tissues  and  the  pathological  alterations  of 
the  body  juices  predispose  to  infection. 

Since  primary  inflammations  of  the  pericardium  and 
pleura  are  of  relatively  more  frequent  occurrence,  the 
greater  rarity  of  primary  peritonitis  may  be  explained  by 
the  assumption  that  the  peritonemn  possesses  a  greater 
resistance  and  protective  power  than  the  other  serous 
membranes.  This  relative  greater  immunity  of  the  peri- 
toneal cavity  has  been  demonstrated  experimentally. 

Secondary  Peritonitis.— It  should  be  noted  at  this 
point  that  various  writers  upon  the  subject  of  peritonitis 
are  not  agreed  in  their  conceptions  of  primary  and  sec- 
ondary peritonitis.  In  a  very  broad  sense  the  term 
primary  may  be  applied  to  those  forms  of  peritonitis 
which  are  not  secondary  to,  or  do  not  occur  in  association 
with,  any  other  acute  or  chronic  disease,  hence  not  metas- 
tatic; and,  further,  which  do  not  arise  by  contiguity  from 
any  of  the  organs  or  structures  covered  by  the  perito- 
neum. Terminal  infections  should  then  be  classed  as 
secondary  rather  than  as  primary.     A  number  of  recent 
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■writers,  notably  Plexner,  in  retaining  tlie  old  classifica- 
tion of  primary  and  secondary  peritonitis,  make  a  much 
narrower  application  of  the  term  secondary  hb  applying  to 
peritonitis.     According  to  Flexner,  by  secondary  peri- 
tonitis we  should  understand  those  conditions  which  fol- 
low operations  upon  tlie  peritoneum  or  the  contiguous 
viscera,  and  those  in  which  the  abdominal  cavity  becomes 
inflamed  through  the  mediation  of  disease-contained  vis- 
cera.    By  pfimary  peritonitis  should  be  understood  an 
inflammation,  usually  diffuse,  of  the  serous  cavity,  oc- 
curring without  the  mediation  of  any  of  the  contained 
organs  and  independently  of  any  surgical  operation  upon 
these  parts.     Such  a  primary  peritonitis  may  arise  as  an 
independent  affection  or  develop  in  the  course  of  infec- 
tious diseases  in  distant  parts  of  the  body.     The  micro- 
organisms causing  the  inflammation  may  be  brought  by 
the  blood  or  lymph  current  or  may  pass  through  the  in- 
tact intestinal  wall.     Plexner  would  therefore  class^  as 
primary  not  only  the  terminal  infections  of  the  perito- 
neum occurring  in  the  course  of  chronic  diseases,  but  also 
those  forms  of  metastatic  peritonitis  in  which  the  micro- 
organisms come  through  the  blood  or  lymph  without  the 
mediation  of  some  diseased  organ  or  part.     The  reason 
given  for  this  more  arbitrary  and  narrower  use  of  the 
term  secondary  and  the  wider  application  of  the  term 
primary  is  that  pathogenic  micro-organisms  may  reach 
the  healthy  peritoneum  without  setting  up  an  inflamma- 
tion, but  that  "  only  an  already  inflamed  peritoneum  can 
be  excited  to  peritonitis  through  the  agency  of  patho- 
genic micro-organisms."    Used  in  this  way  the  terms  pri- 
mary and  secondary  indicate  the  character  of  the  affection 
rather  than  the  source  of  the  cause  or  the  manner  in  which 
the  peritonitis  arises.     Since  such  a  usage  may  be  con- 
fusing, the  writer  has  preferred  to  adhere  to  the  more 
commonly  accepted  use  of  the  terms  as  given  above, 
Niz.,  primary  peritonitis,  an  inflammation  of  the  perito- 
neum arising  primarily  and  independently  of  other  proc- 
esses, as  the  result  of  chemical  or  mechanical  irritation 
or  as  a  direct  or  cryptogenic  infection,  or  as  the  result  of 
a  lessened  resistance  of  the  peritoneum  due  to  trauma, 
toxic  conditions,  or  altered  conditions  of  the  peritoneum 
•caused  by  foreign  bodies,  presence  of  fluid,  etc.,  anal- 
ogous to  primary  infections  in  other  parts  of  the  body ; 
secondary  peritonitis,  an  inflammation  of  the  peritoneum, 
secondary  to  some  other  process,  arising  by  contiguity  or 
metastasis,  or  occurring  as  a  terminal  infection.     Even 
with  this  broader  standard  of  classification  no  hard-and- 
fast  lines  can  be  drawn.     Inasmuch  as  cases  of  primary 
peritonitis  are  rare,  and  as  the  peritoneum  possesses  a 
normal  resistance  against  pathogenic  micro-organisms, 
practically  all  cases  of  peritonitis  are  secondary. 

In  the  great  majority  of  cases  secondary  peritonitis 
arises  through  an  extension  of  an  inflammatory  process 
from  some  contiguous  viscus  or  part.  There  is  no  organ 
or  tissue  in  direct  contact  with  the  peritoneum  from 
which  such  an  extension  may  not  occur.  The  possibili- 
ties are  so  numerous  that  it  is  necessary  to  refer  here  only 
to  the  most  common  or  important.  The  extension  to  the 
peritoneum  may  or  may  not  be  accompanied  by  perfora- 
tion into  the  peritoneal  cavity.  In  the  latter  case  tlie 
resulting  infiammation  is  known  as  a  perforative  peri- 
tonitis. . 

Perforatim  Peritonitis.— Tins,  is  the  most  common  form 
of  secondary  peritonitis.  It  may  result  from  the  perfo- 
ration into  the  peritoneal  cavity  of  an  infected  wound  of 
the  abdominal  wall  or  of  a  viscus  (traumatic  or  opera- 
tive) or  from  the  perforation,  as  the  result  of  inflamma- 
tory'processes,  of  the  wall  of  the  stomach,  intestine,  gall 
bladder,  pancreatic  duct,  urinary  bladder,  uterus,  tubes, 
blood-vessels,  lymph  vessels,  etc.  Abscesses  of  the  ab- 
dominal viscera,  echinococcus  cysts,  tumors,  burrowing 
■suppurative  processes  in  the  retroperitoneal  tissues,  etc., 
may  also  give  rise  to  perforative  peritonitis  It  is  hardly 
expedient  to  enumerate  here  all  the  possibilities  whereby 
a  perforative  peritonitis  may  arise,  and  only  those  of 
greatest  clinical  importance  will  be  mentioned. 

In  the  case  of  the  stomach  perforative  peritonitis  may 
be  caused  by  carcinoma,  gastric  ulcer,  abscess,  phleg- 


monous gastritis,  action  of  corrosives,  foreign  bodies, 
etc.  In  the  intestines  ulcers  (typhoid,  dysenteric,  catar- 
rhal, tuberculous,  syphilitic,  carcinomatous,  etc.),  new 
growths,  foreign  Ijodies,  parasites,  gall  stones,  faecal  con- 
cretions, faecal  obstruction,  intussusception,  ileus,  hernial 
incarceration,  etc.,  may  lead  to  perforative  peritonitis. 
Perforation  of  a  suppurating  appendix  is  one  of  the  most 
common  causes  of  peritonitis. 

In  the  case  of  the  spleen  perforative  peritonitis  may  be 
caused  by  splenic  infarcts,  abscesses,  ecliinococcus  cysts 
acute  splenic  tumor  leading  to  rupture  of  the  organ,  rupt- 
ure of  a  dilated  splenic  vein,  metastatic  tumors,  etc.  In 
the  liver  the  same  condition  may  result  from  abscesses, 
echinococcus  cysts,  rupture  of  bile  passages,  biliary  con- 
cretions, new  growths,  etc.  Rupture  of  the  gall  bladder 
or  common  duct,  ulcerative  processes  in  the  walls  of  the 
gall  bladder  or  duets,  presence  in  these  of  concretions, 
etc. ,  may  likewise  lead  to  perforative  peritonitis.  This 
may  be  caused  also  by  pancreatic  concretions,  abscesses 
and  tumors  of  the  pancreas,  hemorrhagic  and  purulent 
pancreatitis,  etc.  Pat  necrosis  may  or  may  not  be  asso- 
ciated with  the  peritonitis  dependent  upon  pancreatic 
conditions. 

Perforative  peritonitis  may  also  arise  in  connection  with 
abscesses  and  tumors  of  the  kidneys  or  adrenals,  kidney 
tubercles,  echinococcus  cysts,  renal  calculi,  purulent 
pyelitis,  peri-  and  paranephritic  abscesses,  etc.  Ulcera- 
tive and  phlegmonous  processes  of  the  urinary  bladder, 
new  growths  of  the  bladder,  cancer  of  the  uterus,  puru- 
lent and  gangrenous  conditions  of  the  uterine  wall, 
purulent  salpingitis,  tubal  pregnancy,  tubo-ovarian  ab- 
scess, ovarian  tumors,  rupture  of  Graafian  follicle  and 
ovarian  cysts,  suppurative  processes  of  the  retroperito- 
neal and  mesenteric  lymph  glands,  thrombophlebitis,  and 
thrombo-arteritis  of  the  abdominal  vessels,  rupture  of 
abdominal  aneurisms,  rupture  of  the  thoracic  duct  or 
dilated  lymphatics,  subperitoneal  tumors  and  abscesses, 
psoas  abscess,  carious  and  purulent  processes  in  the 
spinal  column  and  pelvic  bones,  etc.,  may  all  lead  to 
perforative  peritonitis.  In  rare  cases  purulent  processes 
proceeding  from  the  mediastinum,  pleura,  pericardium, 
lungs,  diaphragm,  thoracic  vertebrse,  etc.,  may  rupture 
into  the  peritoneal  cavity  and  there  excite  an  inflam- 
mation. 

In  the  case  of  perforative  peritonitis  there  will  be  found 
in  the  peritoneal  cavity,  in  addition  to  the  inflammatory 
exudate,  various  substances  of  very  different  nature  ac- 
cording to  the  location  of  the  perforation  and  the  char- 
acter of  the  contents  of  the  cavity  communicating  with 
the  peritoneal  sac.  Stomach  contents,  fseces,  faecal  con- 
cretions, bile,  biliary  concretions,  pancreatic  juice,  urine, 
urinary  calculi,  foreign  bodies,  parasites,  blood,  chyle, 
mucin,  pseudomucin,  colloid,  etc.,  may  be  mixed  with 
the  exudate.  According  to  the  character  and  amount  of 
the  substances  thus  entering  the  cavity,  and  according  to 
the  character  and  amount  of  the  peritoneal  exudate  the 
appearances  seen  at  operation  or  autopsy  will  differ 
greatly. 

Some  writers  distinguish  a  secondary  perforatim  pm- 
tonitis,  grouping  under  this  head  those  conditions  in 
which  the  exudate  of  a  purulent  peritonitis,  originally 
not  perforative,  gains  entrance  to  some  neighboring 
organ,  and  through  it  finds  an  exit,  as,  for  example, 
through  the  stomach,  intestine,  pleura,  abdominal  wall, 
etc.     Such  cases  should  more   properly  be  styled  per- 


forating't... . 

Peritonitis  Arising  by  Contiguity.— Pentomtis  may 
arise  secondarily  by  the  direct  extension  of  inflammation 
caused  primarily  by  wounds  (operative  or  traumatic)  ot 
the  abdominal  or  pelvic  wall,  gastric  ulcer,  gastric  can- 
cer phlegmonous  gastritis,  toxic  gastritis,  duodenal  ul- 
cer, intestinal  ulceration  (typhoid,  dysenteric,  catarrhal, 
tuberculous,  syphilitic,  carcinomatous),  new  growths  ot 
the  intestine,  coprostasis,  intussusception,  ileus,  hernial 
incarceration,  presence  of  intestinal  concretions,  parasites 
and  foreign  bodies,  typhlitis,  appendicitis,  proctitis, 
liver  abscess,  new  growths  of  liver,  hepatitis,  angiocno- 
litis,  inflammatory  processes  due  to  echinococcus,  biliary 
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concretions,  etc.,  pancreatitis,  pancreatic  abscesses  and 
presence  of  pancreatic  concretions,  splenic  abscess  and 
infarction,  hydatid  disease  of  spleen,  kidney  abscess, 
peri-  and  paranephritic  abscesses,  inflammatory  processes 
caused  by  renal  calculi,  pyelitis,  ureteritis,  cystitis,  in- 
flammations of  ovary,  tubes,  uterus,  vagina,  prostate, 
retroperitoneal  or  mesenteric  glands,  psoas  abscess, 
congestive  abscesses  of  spinal  column  or  pelvic  bones, 
inflammations  of  abdominal  or  pelvic  vessels,  suppurating 
buboes  in  the  inguinal  region,  inflammatory  processes  of 
the  mediastinum,  oesophagus,  pleura,  pericardium  and 
diaphragm,  etc.  In  the  case  of  inflammatory  processes 
in  the  pleural  cavity  (tuberculous,  empyema,  etc.)  the 
peritoneum  is  not  infrequently  involved,  inasmuch  as  the 
lymph  vessels  of  the  diaphragm  form  a  direct  connection 
betvireen  the  pleural  and  peritoneal  cavities. 

Next  to  the  gastro-intestinal  tract  the  female  genital 
tract  is  the  most  frequent  source  of  peritoneal  infection. 
In  vFomen  genital  peritonitis  is  by  far  the  most  common 
form  of  the  affection.  During  the  puerperium  or  as  the 
result  of  attempts  at  abortion,  operative  procedures,  in- 
tra-uterine  injections,  etc.,  the  genital  tract  may  be 
directly  Infected;  less  frequently  the  infection  occurs  at 
other  times,  as  for  instance  at  the  menstrual  period.  The 
resulting  endometritis,  metritis,  parametritis  or  salpin- 
gitis may  extend  to  the  peritoneum  and  excite  perito- 
nitis. Purulent  processes  of  the  endometrium  may  ex- 
tend directly  up  the  Fallopian  tubes.  In  other  cases  the 
extension  of  purulent  processes  from  the  vagina  or  uterus 
may  take  place  through  the  lymphatics  or  blood-vessels. 
Large  abscesses  of  the  uterine  wall  or  tube  may  bj'eak 
directly  into  the  peritoneal  cavity.  Further,  cases  of  ap- 
parently primary  peritonitis  have  been  reported  as  occur- 
ring in  pregnancy  without  any  association  with  rupture 
of  the  uterus  or  other  complications  of  pregnancy.  The 
discovery  at  autopsy  of  the  existence  of  extensive  renal 
changes  makes  it  probable  that  such  cases  of  peritonitis 
are  secondary  to  the  nephritis. 

Oonorrhaa  of  the  female  genital  tract  is  also  an  impor- 
tant factor  in  the  production  of  peritonitis  (see  below). 
It  must  be  noted  further  that  in  many  cases  of  septic 
puerperal  peritonitis  the  uterus  and  tubes  serve  as 
avenues  of  entrance  to  the  agents  of  infection  while  re- 
maining themselves  in  a  normal  condition. 

An  especial  factor  in  the  production  of  peritonitis  of 
the  female  genital  tract  is  that  offered  by  the  twisting  of 
the  pedicles  of  ovarian  cystomata  or  of  subserous  uterine 
myofibromata.  Asa  result  of  the  shutting  off  of  the  cir- 
culation from  the  tumor,  the  tissues  of  the  latter  undergo 
necrosis,  and  the  necrotic  material  offers  a  most  favorable 
field  for  infection,  particularly  from  tlie  intestine.  Such 
infections  are  very  likely  to  result  in  a  gangrenous  peri- 
tonitis. In  case  infection  of  the  dead  tumor  tissue  does 
not  occur  a  non-infectious  peritonitis  may  result,  the  dead 
tumor  acting  as  an  irritating  foreign  body.  A  very  viru- 
lent peritonitis  may  be  thus  excited,  the  exudate  as  well 
as  the  necrotic  tumor  containing  no  micro-organisms. 
Dermoid  cysts  appear  to  be  especially  susceptible  to  in- 
fection after  twisting  of  their  pedicles. 

The  rupture  of  an  uninfected  ovarian  cystoma  and  the 
discharge  of  a  thin  serous  fluid  into  the  peritoneal  cavity 
rarely  excite  a  peritonitis,  the  fluid  being  quickly  ab- 
sorbed. The  absorption  power  of  tlie  peritoneum  under 
such  circumstances  is  very  great.  Only  those  cystomata 
containing  a  firm  jelly-like  substance  (mucin,  pseudo- 
mucin,  colloid)  are  dangerous,  since  the  cyst  contents 
cannot  be  easily  absorbed  and  act  upon  the  peritoneum 
as  foreign  bodies,  leading  to  an  organization  and  vascu- 
larization of  the  material  (aseptic  peritonitis,  pseudo- 
myxoma peritonei).  It  should  be  remembered,  however, 
that  in  such  cases  secondary  peritonitis  is  very  likely  to 
occur  owing  to  the  diminished  resistance  of  the  perito- 
neum; consequently  a  combination  of  pseudomyxoma 
and  an  acute  or  subacute  peritonitis  is  not  infrequent. 
Operation  with  the  removal  of  the  jelly-like  cyst  contents 
from  the  peritoneal  surface  after  organization  has  begun 
is  especially  likely  to  be  followed  by  infection  of  the  raw 
surface  thus  exposed.     In  the  case  of  the  ruptuie  of 


cysts  containing  chemically  irritating  material  (pancreatic 
cysts,  chyle  cysts),  a  non-infectious,  acute,  and  very  viru- 
lent peritonitis  may  be  set  up. 

Secondary  peritonitis  is  also  not  infrequently  associated 
with  metastatic  carcinoma  (peritonitis  carcinomatosa)  and 
tuberculosis  of  the  peritoneum  (peritonitis  tuberculosa). 
These  conditions  will  be  discussed  below. 

In  the  acute  infections  peritonitis  is  occasionally  met 
with  as  a  complication.  In  septicemia  and  pymmia  peri- 
tonitis is  a  very  frequent  complication.  It  occurs  less 
often  in  pneumonia,  sihallpox,  varicella,  measles,  scarlet 
fever,  diptheria,  erysipelas,  malaria,  relapsing  feter,  etc. 
From  the  increasing  number  of  cases  reported  pneumonia 
seems  to  be  somewhat  particularly  associated  with  peri- 
tonitis, and  the  pneumococcus  has  recently  been  found 
in  the  peritoneal  exudate  of  a  number  of  cases.  The  peri- 
tonitis may  be  secondary  to  the  pulmonary  symptoms  or 
may  appear  to  be  the  primary  condition,  the  peritonitis- 
manifesting  itself  before  the  pulmonary  affection.  It  is 
probable  that  such  cases  represent  a  general  infection  by 
the  pneumococcus,  the  localization  varying  in  different 
cases.  They  may  therefore  be  classed  as  perito-nitic  pneu- 
monia, in  analogy  to  the  types  known  as  cerebral  and 
gastric.  Pneumococcic  peritonitis  may  also  be  secondary 
to  pneumococcic  pericarditis,  empyema,  and  arthritis. 
The  occurrence  in  various  parts  of  the  body  of  multiple 
metastatic  abscesses  containing  peumococcl  is  evidence 
of  the  pyaemic  nature  of  the  process. 

According  to  Bednar  peiitonitis  may  develop  after 
vaccination. 

Metastatic  peritonitis  occurs  in  malignant  endocarditis 
and  in  pyiemia.  The  primary  focus  may  occur  in  any 
part  of  the  body,  and  may  be  of  very  slight  extent. 
Peritonitis  has  followed  the  Infection  of  a  circumcision 
wound,  and  very  slight  lesions  in  other  parts  of  the  body 
have  led  to  the  same  fatal  termination.  It  is  not  uncom- 
mon in  such  cases  to  find  all  the  serous  membranes  in- 
volved— an  acute  panserositis ;  meningitis,  pleuritis,  peri- 
carditis, and  arthritis  as  well  as  peritonitis.  Peritonitis- 
may  also  develop  during  the  course  of  acute  articular 
rheumatism.  Tlie  exact  relation  of  the  two  conditions  is- 
unknown ;  the  peritoneal  inflammation  is  either  meta- 
static or  dependent  upon  a  lessened  resistance  of  the 
membrane  to  cryptogenic  infections.  Likewise  acute 
peritonitis  is  sometimes  associated  with  acute  nephritis. 
It  is  possible  that  in  these  cases  the  intoxication  playa 
some  part  in  the  development  of  the  process,  most  prob- 
ably by  lowering  the  resistance  of  the  membrane.  The 
exudate  in  these  cases  is  usually  serous,  and  bacteria  can- 
not always  be  obtained  from  it  by  culture  methods ;  hence- 
some  writers  regard  these  forms  of  peritonitis  as  of 
chemical  origin  and  primary. 

Terminal  Peritonitis. — Peritonitis  also  occurs  not  infre- 
quently as  a  terminal  infection  in  chronic  valvular  dis- 
ease, arteriosclerosis,  chronic  nephritis,  cirrhosis  of  the- 
liver,  amyloid  disease,  tumor  cachexia,  scorbutus,  etc. 
The  peritoneum  alone  of  the  serous  membranes  may  be 
affected,  or  the  pericardium  and  the  pleura  may  also  be- 
come inflamed.  Micro-organisms  are  usually  present  in 
the  exudate.  In  those  cases  in  which  they  are  not  found 
it  is  possible  that  they  were  present  earlier  in  the  disease, 
and  later  disappeared.  It  is  of  course  possible  that  the 
peritonitis  in  some  of  these  cases  may  be  toxic  or  chemi- 
cal, but  it  is  more  likely  that  the  general  intoxication  has 
lowered  the  resistance  of  the  membrane  and  cryptogenic 
infection  has  occurred. 

There  is  also  a  close  relationship  between  syphilis  and 
peritonitis.  Acute  peritonitis  not  infrequently  develops 
in  the  early  stages  of  acquired  syphilis,  but  is  usually  a 
secondary  infection.  It  is  not  known  whether  an  actual 
syphilitic  peritonitis  exists,  though  it  is  very  probable 
that  it  does,  inasmuch  as  a  so-called  idiopathic  peritonitis 
is  of  common  occurrence  in  syphilitic  new-born.  In  the 
tertiary  stage  of  acquired  syphilis  evidences  of  local  peri- 
tonitis are  common  enough  at  autopsy.  Chronic  peri- 
hepatitis and  chronic  perisplenitis  are  more  common  in 
syphilitics  than  in  non-syphilitics. 

Foreign  bodies  (concretions,  parasites,  forceps,  needles. 


606 


REFERENCE   HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


Peritonitis. 
Peritonitis. 


hairs,  etc.)  when  aseptic  produce  a  local  encapsulating 
peritonitis.  When  septic  they  may  excite  a  diffuse 
purulent  or  fibrinous  process.  Free  bodies,  such  as  fat 
tissue,  blood  clots,  pieces  of  fibroid  tumors,  etc.,  may 
become  calcified  or  encapsulated,  setting  up  a  local  adhe- 
sive peritonitis.  In  eMva-uteriTie  •pregnancy  hemorrhage 
into  the  peritoneal  cavity  following  the  rupture  of  the 
sac  may  excite  an  intense  peritoneal  irritation  even  in  the 
absence  of  infection.  In  such  cases  the  blood  itself  must 
€xert  a  chemical  irritation  upon  the  peritoneum,  or  irri- 
tating toxins  are  contained  or  developed  within  it. 

Finally,  during  inira-uterine  injections  irritating  sub- 
stances may  be  forced  through  the  tubes  into  the  peri- 
toneal cavity  and  excite  a  toxic  inflammation.  Such 
•cases  may  occasionally  be  properly  classed  with  the 
primary  forms  of  peritonitis,  but  inasmuch  as  some  in- 
flammatory condition  of  the  uterus  or  tubes  is  usually 
present  it  becomes  difficult  to  say  to  what  extent  the  in- 
jection is  alone  responsible  for  the  peritonitis. 

Parasites. — A  number  of  observers  have  noted  at  au- 
topsy the  presence,  in  the  peritoneal  cavity,  of  intestinal 
worms  in  association  with  a  perforative  peritonitis.  In 
some  cases  the  perforation  has  been  regarded  as  caused 
hy  the  parasite  (usually  the  common  round  worm),  the 
peritonitis  following  the  perforation.  Some  of  the  re- 
ported cases  are  very  doubtful.  Katsurado  several  years 
ago  reported  two  cases  of  purulent  peritonitis  which  he 
regarded  as  caused  by  round  worms.  A  very  careful  ex- 
amination, both  at  the  time  of  operation  and  at  the  au- 
topsy, failed  to  reveal  any  other  cause  for  the  peritonitis. 
In  both  cases  the  affection  ran  a  very  severe  course.  Osier 
and  other  recent  writers  accept  the  view  that  Ascaris  lum- 
bricoides  maj'  penetrate  the  intestinal  wall  and  excite 
peritonitis.  The  Amceba  coli  has  been  found  in  the  exu- 
date of  peritonitis. 

Under  rare  conditions  peritonitis  may  follow  other  con- 
ditions not  mentioned  above.  As  stated  before  it  is  hardly 
feasible  to  enumerate  all  the  possibilities,  but  the  most 
common  and  important  sources  of  secondary  peritonitis 
have  been  given;  and  if  the  extensive  anatomical  rela- 
tions of  the  membrane  are  borne  in  mind  it  will  usually 
not  be  difficult  to  trace  to  its  source  any  secondary  peri- 
tonitis that  may  be  encountered. 

Bacteriology. — Inasmuch  as  the  great  majority  of 
cases  of  peritonitis  are  caused  by  bacteria  the  bacteri- 
ology of  peritonitis  becomes  a  matter  of  very  great  im- 
portance. In  recent  years  a  number  of  important  investi- 
gations have  been  carried  out  along  this  line,  but  much 
worli  yet  remains  to  be  done  before  we  shall  possess  a 
fully  satisfactory  knowledge  of  the  subject.  It  has  been 
demonstrated  that  very  different  forms  of  bacteria  may 
be  found  in  the  exudate  of  peritonitis.  In  the  majority 
■of  cases  there  is  a  mixed  infection,  several  varieties  of 
pathogenic  bacteria  being  present,  or  a  number  of  va- 
rieties of  pathogenic  and  non-pathogenic  bacteria  may  be 
iound  together.  According  to  Tavel  and  Lanz  the  haima- 
togenous  cases  of  peritonitis  are  mono-infections,  while 
those  arising  by  contiguity  from  a  neighboring  diseased 
■organ  are  usually  poly-infections.  It  is  probable  that  in 
some  at  least  of  the  cases  of  mono-infection  the  single 
variety  found  may  have  crowded  out  other  varieties 
which  were  originally  present.  This  is  particularly  like- 
ly to  have  been  the  case  in  those  instances  in  which  the 
only  micro-organism  present  is  a  harmless  saprophyte. 
In  those  cases  in  which  the  exudate  is  sterile  there  is  also 
the  possibility  that  the  original  pathogenic  bacteria  caus- 
ing the  inflarnmation  have  died  out. 

The  pathogenic  bacteria  most  frequently  found  in  peri- 
tonitis are  the  Streptococcus  pyogenes,  Btaphylococciis 
■aureus,  Sta/pliylocoecus  albus,  Bacterium  eoli  commune, 
Diplococcus  pneumonim,  Bacillus  pyocyaneus,  and  the 
Oonoeoccus.  (Tuberculosis  of  the  peritoneum  will  be 
•considered  separately.)  Less  frequently  found  are  the 
Bacillus  typhosus,  Bacillus  aerogenes  capsulatus,  Bacillus 
proteus.  Bacillus  lactis  aerogenes,  Mifrococeus  tetragenus, 
and  a  number  of  unidentified  pathogenic  and  non-patho- 
eenic  bacteria. 

In  perforative  peritonitis  the  Bacillus  coli  communis 


usually  predominates;  in  puerperal  peritonitis  the  chief 
r61e  is  played  by  the  Streptococcus  pyogenes  ;  while  in 
those  cases  of  peritonitis  which  apparently  arise  spontane- 
ously the  Fneumococcus  or  the  Oonoeoccus  is  the  chief  ex- 
citing factor.  In  all  those  cases  of  peritonitis  in  which 
the  infection  comes  from  without  the  flora  resembles  that 
of  ordinary  surgical  infections,  except  for  the  prominent 
part  played  by  the  colon  bacillus.  In  those  cases  which 
arise  by  contiguity  from  some  one  of  the  neighboring 
organs  the  staphylococcus  plays  a  chief  r61e,  except  in 
the  case  of  intestinal  infection  in  which  tlie  colon  bacillus 
alone  or  combined  with  the  former  is  usually  found. 

Much  discussion  has  taken  place  as  to  the  pathogenic 
role  of  the  colon  bacillus  in  peritonitis.  The  pyogenic 
properties  of  this  organism  have  been  quite  generally 
accepted,  and  there  can  be  no  doubt  of  the  existence  of  a 
primary  colon -bacillus  peritonitis..  In  the  majority  of 
cases  in  which  the  colon  bacillus  is  found  pyogenic  cocci 
are  also  present,  and  it  is  probable  that  in  some  of  the  in- 
stances in  which  this  organism  alone  was  found  in  the 
exudate  it  had  overgrown  the  cocci.  Barbacci  in  experi- 
mental work  upon  dogs  found  that  the  colon  bacillus  often 
outgrew  the  pyogenic  cocci.  Infections  of  the  perito- 
nemn  with  the  colon  bacillus  occur  through  the  bladder 
and  female  genital  tract  as  well  as  directly  from  the  in- 
testine. There  are  still  several  questions  to  be  settled 
before  the  exact  pathogenic  value  of  the  colon  bacillus 
can  be  fixed.  Its  relations  to  the  pyogenic  cocci  need  to 
be  more  definitely  determined  in  regard  to  the  part  played 
by  each  as  primary  excitants  of  inflammation.  Further, 
many  of  the  cases  regarded  as  colon-bacillus  infections 
were  diagnosed  as  such  from  the  results  of  the  bacterio- 
logical examination  made  at  autopsy  some  hours  after 
death.  As  the  colon  bacillus  may  enter  the  peritoneal 
cavity  after  death  and  increase  there,  overgrowing  other 
bacteria,  it  is  necessary,  in  order  definitely  to  determine 
the  relation  of  this  organism  to  a  peritonitis,  to  make  bac- 
teriological examinations  of  the  peritoneal  exudate  dur- 
ing life. 

An  effort  has  been  made  by  a  number  of  writers  to 
make  a  bacteriological  classification  of  peritonitis. 
Freund  divided  all  cases  of  peritonitis  into  three  classes: 
one  due  to  pyogenic  organisms,  one  to  fiseoal  bacteria, 
and  the  third  to  toxic  substances.  Bumm  distinguished 
a  septic,  aseptic,  and  a  specific  peritonitis.  The  septic 
he  divided  into  a  streptococcus  peritonitis  and  a  putrid 
peritonitis,  the  latter  not  caused  by  any  one  form  of  bac- 
teria but  by  a  multiple  infection.  The  aseptic  peritonitis 
he  regarded  as  due  to  mechanical,  thermal,  or  chemical 
influences  alone  without  bacterial  agency.  In  the  class 
of  specific  peritonitis  he  placed  tuberculous  and  gonor- 
rhoeal  peritonitis.  Tavel  and  Lanz  have  offered  a  more 
complex  classification  based  upon  the  anatomical  origin 
of  the  infection,  special  kinds  of  peritoneal  infection  being 
derived  from  the  stomach  and  intestine,  the  gall  bladder 
and  liver,  the  female  genital  tract,  the  kidneys,  urinary 
bladder,  etc.,  other  forms  still  being  derived  from  hsema- 
togenous  infections  and  operations. 

Flexner  has  reported  a  series  of  observations  upon  one 
hundred  and  six  cases  of  peritonitis  studied  from  the 
bacteriological  point  of  view.  The  material  was  ob- 
tained at  autopsy,  cover-glass  and  aerobic  cultures  being 
carried  out.  Few  anaerobic  cultures  were  made  and  the 
pathogenic  properties  of  the  bacteria  isolated  were  tested 
but  rarely.  In  spite  of  this  incompleteness  of  the  investi- 
gation the  results  are  of  interest.  Twelve  of  the  cases 
presented  the  character  of  a  primary  peritonitis  accord- 
ing to  Flexner's  definition.  In  all  these  cases  there  was 
a  previous  chronic  disease.  In  two  cases  no  rnicro-organ- 
isms  were  found ;  in  nine  cases  there  was  a  single  infec- 
tion, and  in  one  case  a  multiple  infection.  The  Strepto- 
coccus pyogenes  was  found  five  times,  four  times  alone,  and 
once  in  association  with  the  colon  bacillus ;  the  Staphylo- 
coccus aureus  and  albus  twice,  the  Micrococcus  lanceolatus. 
Bacillus  proteus,  Bacillus  pyocyaneus,  and  an  unidentified 
bacillus  occurred  twice  each. 

The  secondary  cases  Flexner  divides  into  two  classes: 
exogenous  peritonitis  and  endogenous  peritonitis.     In  the 
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former  the  infection  entered  from  without  (wound  infec- 
tion) ;  in  the  latter  the  bacteria  came  in  part  or  wholly 
from  the  intestinal  tract.  Thirty-four  cases  of  the  ex- 
ogenous form  were  examined.  Of  these,  25  were  mono- 
infections, nine  were  multiple.  The  following  tables  are 
taken  from  Plexner's  article  (Philadelphia  Medical  Jour- 
nal, 1898): 

MICEO-OEGANISMS  FOUND  IN  CASES  OF  EXOGENOUS  PERITONITIS. 


Total 

number  of 

cases. 

Alone. 

Combined. 

15 
3 

10 
7 
3 

1 

3 

13 
3 
5 
3 
1 
0 
0 
0 

3 

Staphylococcus  albiis 

1 
5 

5 

Micrococcus  lanceolatus 

2 
1 

2 

0(?) 

COMBINATIONS.  Number  of 

cases. 

Staphylococcus  aureus  and  Streptococcus 1 

Staphylococcus  albus  and  Streptococcus 1 

Staphylococcus  albus  and  Bacillus  proteus 1 

Staphylococcus  albus  and  Bacillus  coll  communis 1 

Streptococcus  and  Bacillus  coli  communis 1 

Streptococcus,  Bacillus  pyocyaneus  and  Coli  communis 1 

Streptococcus  and  Bacillus  pyocyaneus 1 

Micrococcus  lanceolatus  and  Bacillus  coli  communis 1 

Micrococcus  lanceolatus  and  liquefying  bacillus 1 

Of  60  cases  of  endogenous  peritonitis  58  gave  positive 
bacteriological  results.  Single  infections  occurred  in  81 
cases  of  these,  and  multiple  infections  in  37. 

Bactekia  Found  in  Cases  of  endogenous  Peritonitis. 


Bacillus  coli  communis 

Streptococcus  pyogenes 

Staphylococcus  albus 

Staphylococcus  aureus 

Micrococcus  lanceolatus 

Bacillus  proteus 

Bacillus  aerogenes  capsulatus. 

Bacillus  pyocyaneus 

Bacillus  typhosusj 

TJnidentifled 


Number  of 
cases. 

Alone. 

47 

9 

39 

7 

i 

2 

3 

1 

4 

1 

4 

2 

8 

2 

3 

0 

3 

0 

3 

0 

Combined. 


38 


Combinations.  Number  of 

times. 

Streptococcus  and  Bacillus  coll  communis 16 

Streptococcus,  Bacillus  aerogenes,  and  Bacillus  coli 2 

Streptococcus  and  Bacillus  aerogenes  capsulatus 1 

Streptococcus  and  Staphylococcus  aureus 1 

Streptococcus  and  Bacillus  typhosus 2 

Streptococcus  and  Staphylococcus  aureus.  Bacillus  typhi, 

proteus  and  coli 1 

Streptococcus  and  Bacillus  proteus l 

Streptococcus  and  unidentified  organism 1 

Bacillus  coli  and  Micrococcus  lanceolatus 3 

Bacillus  coli  and  Bacillus  pyocyaneus 3 

Bacillus  coU  and  Bacillus  aerogenes  capsulatus 2 

Bacillus  coll.  Staphylococcus  aureus,  and  Bacillus  agrogenes 

capsulatus X 

Staphylococcus  albus  and  orange  sarclna 1 

Staphylococcus  albus  and  unidentified  organism 1 

The  comparison  of  the  table  in  the  exogenous  and  en- 
dogenous forms  is  of  interest.  It  will  be  seen  that  mul- 
tiple infections  are  relatively  more  frequent  with  the 
endogenous  form,  and  that  the  vaiiety  of  bacteria  is 
much  greater.  The  streptococcus  takes  the  place  which 
the  staphylococcus  holds  in  the  exogenous  cases  and  the 
colon  bacillus  plays  a  much  more  important  r61e.  The 
small  part  which  the  pathogenic  staphylococci  seem  to 
play  in  endogenous  peritonitis  is  of  clinical  importance, 
inasmuch  as  the  streptococcic  infections  may  be  asso- 
ciated with  metastasis.  The  infections  in  the  exogenous 
cases  resemble  those  of  ordinary  surgical  or  traumatic 
infections.  Basing  his  conclusions  upon  the  observa- 
tions, Flexner  would  distinguish  three  forms  of  peri- 
tonitis: a  primary  or  idiopathic  form  restricted  to  a  small 
number  of  terminal  infections ;  a  second  variety  analogous 


to  surgical  infections;  and  a  third  variety  dependent 
upon  disease  of  an  intraperitoneal  organ,  whereby  micro- 
organisms and  other  extraneous  substances  gain  entrance 
to  the  peritoneal  cavity,  break  down  its  resistance,  and 
lead  to  infection. 

Pneumococcia  Peritonitis. — Cases  of  peritonitis  due  to 
the  pneumococcus  have  been  described  by  Frommel, 
Fraenkel,  Charrier,  Veillon,  Beco,  Bryant,  Comby,  Brun, 
Burckhard,  and  others.  Brun  reports  fourteen  cases  of 
pneumococcus  peritonitis  in  children.  The  majority  of 
the  cases  of  peritoneal  infection  with  the  pneumococcus 
occur  in  young  girls.  The  avenue  of  infection  is  through 
the  genital  tract.  The  peritonitis  may  or  may  not  be  as- 
sociated with  inflammations  of  other  serous  membranes. 
The  infection  is  frequently  localized  in  the  pelvis.  The 
prognosis  is  favorable  in  those  cases  in  which  the  exu- 
date becomes  encysted  by  adhesions,  but  metastases  and 
localizations  of  the  micro-organism  in  other  parts  of  the 
body  may  occur.  The  diffuse  form  is  usuallj'  fatal.  In 
the  case  of  operative  procedures  in  pneumococcus  pyo- 
salpinx  the  greatest  care  must  be  taken  to  prevent  infec- 
tion of  the  peritoneum  since  the  peritonitis  thus  excited 
is  usually  very  virulent.  Pneumococcus  peritonitis  may 
also  result  from  extension  or  perforation  in  the  case  of  a 
pneumococcus  appendicitis.  The  relation  to  pneumonia 
and  arthritis  has  been  mentioned  above.  It  is  of  impor- 
tance in  the  diagnosis  of  this  condition  to  bear  in  mind 
the  fact  that  after  death  the  pneumococci  may  entirely 
disappear  from  the  peritoneal  exudate,  the  colon  bacillus 
or  some  other  organism  being  left.  Cases  have  been  re- 
ported in  which  the  examination  of  the  pus  from  the 
peritoneal  cavity  during  life,  or  soon  after  death,  showed 
the  presence  of  pneumococci  in  great  numbers,  while  ex- 
aminations made  twenty-six  to  forty-eiglit  hours  later 
showed  only  the  presence  of  intestinal  bacteria. 

Oonorrhaal  Peritonitis. — The  occurrence  of  an  acute 
general  peritonitis  caused  by  the  Qonocotcus  is  now  firm- 
ly established,  and  the  condition  is  probably  not  infre- 
quent in  women  affected  with  gonorrhoea  of  the  internal 
genitals.  Wertheim  in  opposition  to  Bumm  was  the  first 
to  maintain  that  gonococci  may  multiply  within  the  peri- 
toneal cavity  and  excite  there  an  inflammation  which  may 
spread  over  the  entire  peritoneum.  An  increasing  num- 
ber of  such  cases  is  being  reported.  The  view  of  Bumm 
and  others,  that  the  Qonococcus  finds  no  favorable  soil 
upon  serous  surfaces,  and  that  its  growth  upon  the  peri- 
toneum is  slight  and  localized  Las  been  completely  over- 
thrown by  recently  reported  cases.  The  infection  of  the 
peritoneum  with  the  Qonococcus  occurs  chiefly  in  women, 
although  cases  of  gonorrhoeal  peritonitis  in  men  have 
been  reported  by  Jadassohn,  Horowitz,  von  Zeissl,  and 
others.  In  the  female  the  infection  usually  proceeds 
from  the  tubes.  In  the  case  of  an  infection  of  the  woman 
with  very  virulent  gonococci  there  may  develop  suddenly 
a  most  severe  general  peritonitis.  The  passage  into  the 
peritoneal  cavity,  from  the  mouth  of  the  tube,  of  pus  rich 
in  gonococci  alwaj'S  excites  a  general  peritonitis ;  if  the 
flow  is  small,  and  if  but  few  gonococci  are  present  in  the 
pus,  or  if  these  are  reduced  in  virulence  a  local  peritonitis 
is  usually  set  up.  Gonococcic  peritonitis  is  relatively 
more  frequently  a  complication  of  gonorrhoeal  vaginitis 
and  vulvitis  in  young  girls.  Such  cases  are  unfortunate- 
ly not  rare  in  some  of  our  large  cities.  The  belief  h.eld 
by  certain  of  the  lower  classes  that  gonorrhoea  in  the 
adult  may  be  cured  by  rubbing  the  male  organ  over  the 
external  genitals  of  young  girls  is  probably  responsible 
for  some  of  these  cases.  The  peritoneal  affection  may 
appear  as  a  mild  or  severe  acute  general  peritonitis,  or  it 
may  run  a  latent  course  as  a  chronic  inflammation.  The 
prognosis  in  these  cases  is  always  serious.  Recovery, 
may  be  followed  by  sterility. 

Pathology. — The  pathological  changes  found  in  the 
peritoneum  in  inflammation  of  this  membrane  are  essen-, 
tially  the  same  as  those  occurring  in  inflammatory  proc- 
esses of  the  pleura  and  pericardium.  According  to  the 
duration  of  the  inflammation  there  may  be  distinguished 
an  acute,  subacute,  or  chronic  peritonitis.  According  to 
the  extent  of  the  membrane  involved  a  peritonitis  may  be 
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local  or  circumsciibed,  general  or  diffuse.  A  localization 
of  the  inflammation  in  the  pelvis  is  generally  spoken  of 
as  a  pelvic  peritonitis,  in  the  neighborhood  of  the  appen- 
dix as  peri-appendiceal,  over  the  spleen  and  liver  as  peri- 
splenitis, periliepatitia,  etc.  According  to  the  nature  of 
the  exudate  there  may  be  distinguished  a  serous,  fibrinous, 
purulent,  Tiemorrhagic,  and  a  putrid  or  gangrenous  peri- 
tonitis. Besides  these  pure  types  a  variety  of  combina- 
tions, such  as  sero-librinous,  sero-purulent,  flbrino-puru- 
lent,  sero-hemorrhagic,  etc.,  occur. 

Within  certain  limits  the  anatomical  picture  presented 
in  all  cases  of  peritonitis  is  essentially  the  same,  but  the 
appearances  seen  at  autopsy  or  operation  may  vary  great- 
ly according  to  the  chronicity,  severity,  and  extent  of  the 
inflammation,  the  amount  and  character  of  the  exudate, 
etc.  The  picture  of  a  severe  acute  general  pentonitis  is, 
hovyever,  very  characteristic.  The  abdomen  is  distended 
and  tj'mpanitic  over  the  dome  and  dull  over  the  flanks. 
"When  the  cavity  is  opened  the  distended  coils  of  intestine 
rise  up  through  the  opening,  and  an  escape  of  gas  may 
take  place,  even  in  non-perforative  peritonitis.  The 
serous  surfaces  are  cloudy,  in  slight  cases  having  the  ap- 
pearance of  glass  which  has  been  breathed  upon.  Both 
the  parietal  peritoneum  and  the  outer  surface  of  the  coils 
may  be  more  or  less  reddened,  injected,  or  even  show 
ecchymoses.  When  the  coils  are  lifted  up  and  separated 
the  reddened  areas  appear  to  be  arranged  in  bands  along 
the  Intestine.  As  a  rule  these  reddened  bauds  correspond 
to  the  spaces  between  the  coils  at  those  places  at  which 
the  sides  of  the  coils  do  not  touch.  The  vessels  of  the 
serosa  of  these  spaces  are  usually  markedly  hypersemic, 
while  at  those  points  at  which  the  coils  do  touch  the  ves- 
sels are  less  congested.  According  to  Wilks  and  Moxon 
these  spaces,  which  are  triangular  on  cross  section,  form 
a  system  of  communicating  tubes  through  which  the 
exudate  may  spread ;  and  because  of  the  lower  resistance 
over  these  free  surfaces  absorption  of  the  exudate  is  car- 
ried on  here  to  a  greater  extent  than  elsewhere  over  the 
peritoneal  surface.  The  loss  of  lustre  and  the  cloudiness 
of  the  serous  surfaces  are  due  partly  to  the  degeneration 
and  desquamation  of  the  endothelium,  and  partly  to  a 
layer  of  fibrin  which  is  deposited  over  the  surface.  The 
latter  may  vary  greatly  in  amount ;  in  some  cases  the 
fibrin  film  may  be  so  thin  that  it  can  be  seen  only  as  a 
slight  cloudiness  when  examined  by  oblique  light,  or  it 
may  be  made  evident  by  rubbing  off  the  delicate  coating 
with  a  damp  cloth  or  by  scratching  the  serosa  with  the 
edge  of  the  knife.  In  other  cases  the  serosa  may  be  cov- 
ered with  a  thick,  grayish,  yellowish,  yellowish-gray  or 
reddish-gray  exudate  which  may  extend  over  the  coils  in 
a  sheet,  or  in  strings  or  bands  of  varying  size,  or  appear 
as  flakes  scattered  over  the  dull,  lustreless  surface.  The 
fibrin  may  bind  the  coils  more  or  less  firmly  together;  in 
acute  cases  such  adhesions  are  easily  separated  by  the 
fingers,  but  in  older  cases  the  adhesions  become  organized 
to  a  greater  or  less  extent,  and  so  firm  that  they  cannot 
be  torn.  The  spleen  and  liver  may  become  entirely  cov- 
ered by  fibrinous  sheets,  or  tags  and  flakes  of  fibrin  may 
be  scattered  over  their  capsules.  The  amount  of  fibrin 
may  be  much  greater  in  some  parts  of  the  cavity  than  in 
others,  and  by  causing  adhesions  between  neighboring 
structures  may  shut  off  portions  of  the  cavity  and  confine 
the  fluid  exudate  to  certain  regions. 

Free  fluid  is  usually  present  in  the  dependent  portions 
of  the  cavity,  in  the  flanks,  pelvis,  and  the  pockets  be- 
tween the  coils.  The  amount  varies  greatly,  sometimes 
many  litres  (30-40)  causing  a  great  distention  of  the 
abdomen,  while  at  other  times  only  a  small  amount  is 
present.  The  fluid  is  always  more  or  less  cloudy  or 
opaque,  but  varies  in  character  according  to  the  nature 
of  the  exudate,  the  character  of  the  infection,  the  occur- 
rence of  perforation,  etc.  It  may  be  serous,  purulent, 
hemorrhagic,  flbrinous,  putrid,  etc.  In  the  great  majoi-- 
ity  of  cases  it  is  flbrino-purulent,  a  pure  purulent 
character  rarely  occurring,  although  a  purulent  charac- 
ter usually  predominates.  Rarely  is  it  serous  or  sero- 
purulent  Itis  very  often  putrid  (perforative  peritonitis), 
and    is  then  sanious,    greenish,   or   grayish,   having  a 
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gangrenous  odor,  and  may  contain  gas  bubbles.  Except 
in  the  case  of  tuberculosis  or  carcinoma  a  hemorrhagic 
exudate  is  very  rare.  The  distribution  of  the  exudate  is 
generally  very  irregular  owing  to  fibrinous  adhesions.  It 
usually  collects  in  greatest  amounts  in  the  pelvis,  flanks, 
splenic  and  hepatic  regions,  and  in  the  deeper  parts  of 
the  two  hypochondriac  regions.  It  often  becomes  encap- 
sulated by  fibrinous  adhesions  between  the  coils  them- 
selves, or  between  these  and  the  abdominal  wall  or  some 
one  of  the  abdominal  organs.  The  omentum  often  plays 
an  important  part  in  the  encapsulation  of  exudates  of 
small  size  in  the  appendix  region  and  in  the  neighbor- 
hood of  perforating  ulcers  of  the  intestine.  Large  collec- 
tions of  exudate  are  often  found  between  the  liver  and 
the  diaphragm ;  when  of  a  purulent  character  and  encap- 
sulated from  the  other  portions  of  the  cavity  the  con- 
dition is  often  spoken  of  as  a  suhdiaphragmatic  abscess. 
Gas  is  particularly  likely  to  collect  in  this  region.  In 
some  cases  the  liver  may  be  pressed  tightly  against  the 
diaphragm,  its  diaphragmatic  surface  flattened  and  dry. 
The  exudate  often  follows  along  the  tubular  spaces  be- 
tween the  coils,  so  that  the  exudate  from  a  pelvic  peri- 
tonitis may  pass  under  the  lower  coils  of  the  ileum  into 
the  coecal  region  and  upward  along  the  ascending  colon 
to  the  right  hypochondrium,  then  along  the  lesser  curva- 
ture of  the  stomach  to  the  cardiac  end.  In  these  regions 
the  exudate  may  collect  in  large  amounts,  while  else- 
where in  the  cavitj'  there  may  be  scarcely  a  trace  of  peri- 
tonitis. Not  infrequently  the  exudate  may  become 
completely  shut  off  from  the  cavity  by  fibrinous  adhe- 
sions, which,  becoming  organized,  finally  form  a  fibrous 
connective-tissue  capsule  enclosing  the  exudate,  which  is 
either  absorbed,  organized,  or  undergoes  inspissation  or 
calcification.  As  mentioned  above,  the  omentum  plays 
an  important  role  in  such  encapsulations,  which  are  most 
often  seen  in  the  neighborhood  of  the  appendix  and  the 
female  pelvic  organs.  In  the  case  of  a  perforative  peri- 
tonitis the  exudate  may  contain,  in  addition  to  the  purely 
inflammatory  products,  also  stomach  or  intestinal  con- 
tents, bile,  urine,  etc. 

In  the  more  severe  cases  the  entire  intestinal  wall  may 
be  involved,  becoming  swollen,  (Edematous,  and  easily 
torn.  Even  in  the  light  cases  the  subserosa  is  oedema- 
tously  swollen  and  may  be  easily  stripped  off  from  the 
muscularis.  The  muscle  coats  may  be  completely  para- 
lyzed ;  hence  the  occurrence  of  marked  tympanites,  gen- 
eral or  local.  On  opening  the  stomach  and  intestines  the 
mucosa  is  usually  found  to  be  pale,  swollen,  and  oedema- 
tous.  Likewise  the  supefflcial  portions  of  the  liver, 
spleen,  gall  bladder,  etc.,  are  oedematous  and  swollen, 
often  appearing  as  if  macerated.  The  gall  bladder  and 
the  lower  edge  of  the  liver  in  particular  may  show  an 
extreme  oedema.  The  tissues  of  the  mesentery  are  swol- 
len, moist,  and  more  easily  torn  than  normally.  The 
mesenteric  and  retroperitoneal  glands  are  usually  pale, 
soft,  and  enlarged.  Even  the  muscles  of  the  abdominal 
wall  may  be  pale  and  oedematous,  and  the  parietal  peri- 
toneum can  be  easily  stripped  from  its  attachments.  The 
omentum  is  swollen,  injected,  and  (Edematous.  It  is  very 
frequently  rolled  up  into  a  thick  mass,  but  in  the  case  of 
surgical  or  perforative  peritonitis  it  is  usually  more  or 
less  adherent  to  the  site  of  injury.  It  may  be  covered 
with  a  thick  layer  of  fibrin  and  may  aid  in  the  encapsula- 
tion of  the  exudate.  The  diaphragm  is  usually  pushed 
up  to  the  third  or  even  second  rib ;  the  lungs  show  par- 
tial atelectasis,  particularly  the  lower  lobes;  and  the  heart 
is  pushed  upward  and  more  or  less  to  one  side. 

Although  the  changes  just  described  apply  to  the  great 
majority  of  cases  of  peritonitis,  yet  the  limit  of  variation 
is  great,  in  so  far  as  the  appearances  presented  by  in- 
dividual cases  are  concerned.  A  pure  serous  peritonitis 
{peritonitis  serosa)  is  relatively  infrequent.  Some  fibrin 
is  almost  always  present,  so  that  the  exudate  should  be 
more  properly  termed  sero-fibrinous.  The  fluid  exudate 
is  yellowish,  slightly  cloudy,  and  contains  but  few  cells, 
but  fibrin  flakes  are  found  floating  in  it.  Oyer  the  peri- 
toneum there  is  usually  a  delicate  film  of  fibrin.  A  pure 
fibrinous  peritonitis  is  not  common  as  a  general  process, 
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but  is  often  seen  as  a  local  peritonitis.  The  serosa  is 
cloudy,  dry  {peritonitis  sicca)  and  covered  with  sticky 
fibrin.  ,       ,  , 

"When  the  number  of  cells  in  the  exudate  is  so  great  as 
to  cause  a  turbidity,  the  peritonitis  may  be  6ty\eA purulent 
(peritonitis  purulenia).  A  pure  purulent  peritonitis  is 
also  rare,  the  character  of  the  exudate  being  usually  that 
of  a  fibrino-purulent  inflammation.  The  coils  are  usually 
fastened  together  by  masses  of  fibrin,  while  in  the  pockets 
between  them  a  relatively  pure  purulent  exudate  is 
found,  usually  in  large  amounts  (20-30  litres).  The  so- 
called  peritonitis  ulcerosa  is  a  misnomer,  the  appearances 
of  ulceration  over  the  surfaces  of  the  abdominal  organs 
and  the  parietal  layer  of  the  peritoneum  being  due  to  a 
loss  of  substance  through  erosion  and  pressure.  In  such 
cases  the  purulent  exudate  may  perforate  into  the  stom- 
ach, intestine,  ureter,  bladder,  uterus,  or  through  the 
diaphragm  or  abdominal  wall  (secondary  perforative  peri- 
tonitis). In  the  last-named  case  the  perforation  is  usually 
located  at  the  navel.  This  event  happens  more  frequent- 
ly in  children  than  in  adults. 

In. the  case  of  putrid  peritonitis  the  exudate  has  a  foul 
odor  and  is  irritating  to  the  skin  of  the  operator  or  prosec- 
tor. In  color  it  varies  from  dirty-green,  to  brownish. 
The  fibrin  of  the  exudate  and  the  serosa  itself  may  be 
likewise  dark-colored.  Gas  may  be  present  in  the  cavity, 
and  the  odor  of  hydrogen  sulphide  is  often  very  pro- 
nounced even  when  no  perforation  has  occurred.  In  the 
case  of  a  perforation  of  stomach  or  intestine  food  remains 
or  faeces  may  be  found  in  the  exudate.  Brownish  masses 
are  also  sometimes  present;  on  microscopical  examina- 
tion they  are  found  to  consist  of  colonies  of  bacteria. 

An  acute  liemorrJiagic  peritonitis  is  rare.  It  is  usually 
associated  with  carcinoma  or  tuberculosis,  but  occurs 
also  in  morbus  maculosus  "WerlLofii  and  in  scurvy. 
Through  the  presence  of  hydrogen  sulphide  in  the  exu- 
date the  blood  pigment  may  become  converted  into  a 
hydrogen -sulphide  compound,  giving  a  gray  or  slate 
color  to  the  exudate  and  serosa  ( pseudomelanosia).  Fried- 
reich has  described  an  especial  form  of  hemorrhagic  peri- 
tonitis under  the  name  of  Timmatoma  peritonei.  In  such 
cases  the  peritoneal  surface  is  covered  with  layers  of 
blood  clot  which  are  becoming  organized,  the  condition 
being  analogous  to  the  subdural  hematoma. 

Circumscribed  peritonitis  presents  practically  the  same 
appearances  as  the  general  form,  except  in  being  localized 
through  the  rapid  formation  of  firm  adhesions  which  pre- 
vent the  inflammation  from  spreading  {peritonitis  odTim- 
siva).  These  adhesions  may  quickly  become  organized. 
Circumscribed  peritonitis  occurs  most  often  as  a 
perityphlitis  (peri-appendiceal)  dependent  upon  per- 
foration of  the  appendix,  and  as  a  pelvic  peritonitis 
(pelveo-peritonitis)  due  to  diseased  conditions  of  the  ute- 
rus and  its  appendages.  It  may  be  caused  also  by  per- 
forative processes  (ulcer,  new  growths,  etc.)  of  stomach, 
intestine,  gall  bladder,  etc.,  by  splenic  infarction,  hepatic 
abscess,  and  other  local  inflammations  of  the  intraperi- 
toneal organs.  The  so-called  subdiaphragmatic  abscess 
is  an  encapsulated  purulent  peritonitis.  Similar  encysted 
collections  of  exudate  may  be  found  in  any  part  of  the 
peritoneal  cavity,  but  are  more  frequent  in  the  regions 
named.  Gonococcic  peritonitis  is  usually  circumscribed 
in  the  pelvis.  The  part  which  the  omentum  plays  in  the 
encapsulation  of  a  local  peritonitis  has  been  mentioned 
above.  Through  its  aid  many  cases  of  perforation  peri- 
tonitis, particularly  in  the  case  of  the  appendix,  are 
restricted  to  a  narrow  area.  The  frequency  with  which 
omental  adhesions  are  formed  about  the  appendix,  tubes, 
perforating  ulcers,  new  growths,  etc.,  is  evidence  of  its 
very  great  service  in  limiting  peritonitis. 

Gomplications.— The  complications  of  acute  peritonitis 
are  many  and  important.  Perforation  of  the  peritoneal 
exudate  into  some  viscus  or  through  the  abdominal  walls 
has  been  mentioned.  Occasionally  the  pus  may  break 
through  into  two  neighboring  coils  of  intestine  at  the 
same  time,  giving  rise  to  the  so-called  fistuke  bimucosm. 
Fatal  hemorrhage  may  follow  jjerforation  into  an  ab- 
dominal blood-vessel.     Metastasis  may  occur  and  a  gen- 


eral pysemia  may  result.  It  is  not  uncommon  in  the  case 
of  a  severe  acute  general  peritonitis  to  find  at  autopsy  a 
beginning  pleuritis,  pericarditis,  or  meningitis.  Some- 
times all  the  serous  membranes  may  be  equally  involved 
(panserositis).  Such  pathological  findings  are  seen  most 
frequently  in  puerperal  peritonitis. 

Microscopical  Appearances. — Sections  through  an  acute- 
ly inflamed  peritoneum  present  changes  which  are  anal- 
ogous to  those  of  inflammations  of  other  serous  mem- 
branes. The  surface  of  the  membrane  is  covered  with  a 
more  or  less  thick  layer  of  fibrin  containing  a  varying 
number  of  leucocytes.  The  latter  usually  show  karyor- 
rhexis,  the  diffusion  of  the  chromatin  throughout  the 
fibrin  causing  the  latter  to  stain  bluish.  Beneath  the 
exudate  the  endothelium  is  degenerated,  necrotic,  or  des- 
quamated. The  connective  tissue  of  the  basement  mem- 
brane is  (Edematous  and  infiltrated  with  leucocytes.  The 
lymphatics  are  greatly  dilated  and  contain  fibrin  and 
large  numbers  of  leucocytes.  The  blood-vessels  are  also 
greatly  congested  and  filled  with  leucocytes.  The  endo- 
thelial cells  of  both  lymph-  and  blood-vessels  are  usually 
somewhat  swollen.  Scattered  hemorrhages  of  small  size 
may  also  be  found.  The  subserosa  is  usually  actively 
involved,  the  connective  tissue  being  oedematous  and  in- 
filtrated with  leucocytes ;  the  vessels  are  congested  and 
small  hemorrhages  may  occur.  Fibrin  threads  may  be 
found  in  the  intercellular  spaces  of  both  serosa  and  sub- 
serosa. The  muscularis  is  involved  to  a  much  less  ex- 
tent. Its  vessels  are  congested  and  the  intermuscular 
connective  tissue  is  more  or  less  oedematous  and  contains 
an  increased  number  of  leucocytes.  In  severe  cases  the 
nerve  cells  of  the  intestinal  wall  may  present  various 
changes,  such  as  vacuolation,  hydropic  degeneration, 
chromatolysis,  etc.  In  the  later  stages  of  the  inflamma- 
tion evidences  of  proliferation  are  found  in  the  endothe- 
lial cells  of  the  blood-  and  lymph-vessels  and  in  the 
connective-tissue  cells  of  the  serosa  and  subserosa.  Fi- 
broblasts wander  out  into  the  fibrin  of  the  exudate  and 
a  new  formation  of  capillaries  takes  place.  Even  in  at- 
tacks of  peritonitis  lasting  but  five  to  seven  days  the 
organization  of  the  exudate  may  have  advanced  consider- 
ably. In  the  further  progress  of  the  disease  connective- 
tissue  adhesions  and  false  membranes  may  be  formed,  or 
marked  thickenings  of  the  peritoneal  surfaces  may  result. 
Should  complete  healing  take  place  the  newly  formed 
connective  tissue  becomes  scar-like  and  hyaline,  and 
marked  retractions  of  the  omentum  and  mesentery  may 
be  caused.  The  remains  of  old  organized  fibrinous  exu- 
dates are  most  frequently  seen  in  the  form  of  tendinous 
patches  or  small  pearly  nodules  over  the  surface  of  the 
spleen,  liver,  or  intestine.  Extensive  thickening  of  the 
pelvic  peritoneum  may  result  from  the  healing  of  cir- 
cumscribed peritonitis  in  this  region.  During  the  stage 
of  active  fibroblastic  proliferation  such  a  large  mass  of 
granulation  tissue  may  be  formed  that  in  the  case  of  a 
circumscribed  peri-appendiceal  peritonitis  a  tumor  may 
be  produced  which  may  be  mistaken  clinically  for  a  ma- 
lignant neoplasm,  and  even  when  examined  microscopi- 
cally might  be  mistaken  for  a  sarcoma.  Such  tumor-like 
masses  may  also  be  found  in  the  omentum.  Should  heal- 
ing take  place  the  tumor  may  gradually  contract  and 
finally  entirely  disappear  ("  disappearing  tumor  ").  The 
presence  of  exudate  not  3'et  organized,  the  large  number 
of  polymorphonuclear  leucocytes  showing  karyorrhexis, 
the  hypertrophic  character  of  the  endothelium  of  the 
numerous  capillaries,  the  presence  of  many  plasma  cells 
and  phagocytes,  the  development  in  areas  of  a  fibrous 
intercellular  substance,  etc.,  are  among  the  points  to  be 
considered  in  making  a  microscopical  diagnosis  of  tissue 
removed  from  such  tumor-like  formations. 

Subacute  Peritonitin. — In  cases  running  a  slower  course 
the  amount  of  exudate  is  usually  less  than  in  the  acute 
forms,  although  in  some  cases  in  which  it  is  more  serous 
in  character  the  amount  may  be  very  large.  The  adhe- 
sions are  firmer,  organization  having  progressed  to  a 
greater  extent.  The  serosa  is  thickened,  roughened,  and 
wholly  lustreless,  and  is  often  grayish  or  slate-colored. 
The  injection  of  the  blood-vessels  is  much  less,  and  there 
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is  also  less  oedema  of  the  subserosa.  Exacerbations, 
whicli  are  very  likely  to  occur,  give  the  appearances  of 
an  acute  inflammation.  Microscopically  the  exudate 
covering  the  serosa  is  found  to  be  partly  organized,  and 
there  is  a  fibroblastic  increase  of  tissue.  The  cells  of  the 
exudate  may  show  fatty  or  hydropic  degeneration. 

Chronic  Peritonitis. — Chronic  peritonitis  may  follow 
an  acute  process  or  it  may  develop  insidiously.  The 
changes  seen  in  chronic  peritonitis  are  essentially  the 
same  as  in  the  acute  process,  the  chief  difference  being 
in  the  more  advanced  organization  of  the  exudate  ■with 
resulting  firm  adhesions  and  formation  of  false  mem- 
branes, tendinous  patches,  etc.  When  numerous  adhe- 
sions are  formed  the  condition  is  termed  peritonitis 
chronica  adhcesina.  The  capsule  of  the  liver  and  spleen 
may  be  greatly  thickened  and  hyaline  (chronic  perihepa- 
titis, chronic  perisplenitis).  Scar-like  thickenings  and 
retractions  of  the  omentum  and  mesentery  may  be  found 
(peritonitis  chronica  retrahens),  and  in  the  former  there 
may  be  produced  tumor-like  masses  of  granulation  tissue. 
It  is  usually  rolled  up  above  the  level  of  the  umbilicus. 
Marked  deformities  of  the  intestine  and  intraperitoneal 
organs  may  be  produced  by  the  contraction  of  the  new- 
formed  connective  tissue  {peritonitis deformans).  Partial 
or  complete  stenosis  of  the  intestine,  common  duct,  ure- 
ters, tubes,  etc.,  may  result  from  the  contraction  or  pull 
of  band-like  adhesions.  Incarceration  of  portions  of  the 
intestinal  coils  in  hernia-like  sacs  formed  by  adhesions 
may  also  occur.  Inasmuch  as  exacerbations  are  not  in- 
frequently seen  in  chronic  peritonitis  the  picture  of  a 
recent  exudation  may  be  added  to  that  of  an  older  proc- 
ess. The  hcBmatoma  peritonei  of  Friedreich  mentioned 
above  is  associated  particularly  with  a  rare  form  of 
chronic  hemorrhagic  peritonitis.  Chronic  peritonitis  may 
be  local  or  general ;  the  former  is  the  more  common.  The 
inflammation  may  be  dry,  or  a  sero-fibrinous  exudate  may 
be  present ;  less  frequently  the  exudate  is  hemorrhagic  or 
purulent. 

Local  chronic  peritonitis  is  seen  most  often  in  the 
hepatic  region  (cirrhosis,  gall-stones,  syphilis,  etc.),  in 
the  splenic  region  (perisplenitis),  and  in  the  pelvis  of  the 
female.  In  prostitutes  a  local  chronic  pelveo-peritonitis 
is  nearly  always  present  in  the  form  of  adhesions.  The 
appendix  region,  the  neighborhood  of  gastric  and  intes- 
tinal ulcers,  hernial  sacs,  etc.,  are  also  frequent  seats  of 
chronic  peritonitis. 

Attention  has  recently  been  directed  to  the  condition 
designated  "  chronic  multiple  serositis  "  or  "  multiple  pro- 
gressive hyaloserositis  "  which  is  characterized  by  a  slow- 
ly progressive  hyperplasia  of  the  serous  membranes  with 
secondary  hyaline  changes.  In  the  case  of  the  perito- 
neum the  condition  is  usually  most  marked  over  the  cap- 
sule of  the  liver  or  spleen  (chronic  perihepatitis,  chronic 
perisplenitis).  The  thickened  and  hyaline  capsule  pre- 
sents an  appearance  resembling  the  icing  of  a  cake 
("  Zuckergussleber  "  of  Curschmann,  "  iced  liver  ").  An 
obliterative  pericarditis  or  pleuritis  may  or  may  not  be 
coincident  with  the  peritoneal  condition.  The  capsules 
of  the  liver  and  spleen  may  be  involved  at  the  same  time 
or  either  one  may  alone  show  the  change,  or  the  con- 
dition may  be  diffuse  throughout  the  entire  extent  of  the 
peritoneum,  or  it  may  occur  as  a  part  of  a  multiple  affec- 
tion of  the  serous  membranes.  When  affecting  chiefly 
the  liver  capsule  the  condition  may  be  the  result  of  a 
local  chronic  peritonitis,  an  acute  or  subacute  hepatitis, 
chronic  mediastinopericarditis,  or  a  chronic  obliterative 
pleuritis.  It  may  also  be  a  part  of  a  Glissonian  cirrhosis, 
perhaps  associated  with  syphilis  or  tuberculosis.  The 
affection  of  the  splenic  capsule  Is  usually  the  result  of  a 
local  chronic  peritonitis,  or  is  associated  with  syphilis 
or  tuberculosis.  Chronic  hyaloserositis  is  essentially  a 
hyperplastic  inflammation,  and  is  probably  due  to  an  in- 
fection with  micro-organisms  of  a  low  virulence.  In  the 
majority  of  cases  it  is  probably  tuberculous.  Micro- 
scopically the  thickened  splenic  or  hepatic  capsule  con- 
sists of  laminated  hyaline  conneetive  tissue,  usually  poor 
in  cells,  but  occasionally  containing  groups  of  leucocytes 
or  areas  of  unorganized  fibrin.    In  some  caees,  at  least,  the 


organization  of  a  fibrinous  exudate  with  subsequent  hya- 
line change  of  the  new  connective'  tissue  plays  an  impor- 
tant, if  not  the  chief,  part  in  the  production  of  the  con- 
dition. 

Peritonitis  Oarcinomatosa. — Scirrhous  carcinoma  of  the 
stomach  or  gall  bladder  may  give  rise  to  secondaries  scat- 
tered diffusely  throughout  the  peritoneum.  The  mem- 
brane at  the  same  time  presents  the  appearance  of  a 
chronic  hyaloperitonitis,  the  entire  serosa,  intestinal  and 
parietal,  as  well  as  the  hepatic  and  splenic  capsules,  being 
greatly  thickened,  dense,  and  hyaline.  Such  a  condition 
may  very  easily  be  mistaken  for  a  simple  chronic  perito- 
nitis, inasmuch  as  appearances  suggesting  malignancy 
may  not  be  visible  to  the  naked  eye.  The  diagnosis  in 
some  cases  can  be  made  only  on  microscopical  examina- 
tion, since  the  primary  growth  may  consist  only  of  a 
dense  thickening  of  the  pyloric  end  of  the  stomach  or  of 
the  gall-bladder  wall  and  may  not  be  recognized  from  the 
gross  appearances.  Microscopically  the  hyaline  connec- 
tive tissue  of  the  thickened  peritoneum  is  seen  to  contain 
small  nests  and  cords  of  epithelial  cells,  corresponding  to 
those  of  the  carcinomatous  infiltration  at  the  primary  seat. 
It  is  well  to  bear  in  mind  the  fact  that  the  mesenteric  and 
retroperitoneal  lymph  glands  may  contain  large  nests  of 
cancer  cells,  so  that  the  diagnosis  of  scirrhous  carcinoma 
maybe  more  easily  arrived  at  by  the  examination  of  these 
glands.  The  peritoneal  condition  may  therefore  be  re- 
garded as  of  the  nature  of  a  diffuse  carcinomatosis  with 
secondary  inflammatory  changes.  More  or  less  fibrinous 
exudate  may  be  present  over  the  surface  of  the  thickened 
membrane,  and  some  free  fluid  may  be  present  in  the 
cavity. 

Experimental  Peritonitis. — A  number  of  important  ex- 
perimental studies  of  peritonitis  have  been  carried  out  by 
different  observers^  particularly  with  reference  to  the  etio- 
logical factors  of  peritonitis.  The  part  played  by  va- 
rious bacteria  and  by  such  predisposing  factors  as  chemi- 
cal irritation,  cold, -etc.,  has  been  studied  with  the  gain  of 
much  important  knowledge.  Other  writers  have  recently 
studied  the  character  of  the  cells  found  in  the  peritoneal 
exudate.  Beattie  has  made  experimental  investigations 
along  this  line.  After  the  injection  of  bacteria  into  the 
peritoneal  cavity  various  cells  appear  in  the  exudate. 
Polymorphonuclear  leucocytes  appear  in  great  numbers 
on  the  peritoneal  surface,  and  are  found  abundantly  in 
from  six  to  fifty-four  hours  after  the  injection.  In  fatal 
cases  they  increase  up  to  the  time  of  death  of  the  animal, 
but  in  non-fatal  cases  they  diminish  in  from  forty-eight 
to  sixty  hours.  They  act  as  the  chief  bacterial  phago 
cytes.  Mononuclear  phagocytes  are  also  found  at  all 
stages,  but  are  most  abundant  from  thirty-six  hours  on- 
ward. They  are  derived  from  the  endothelium  of  the 
serous  membrane,  of  blood-vessels,  lymph  vessels,  lymph 
spaces,  etc.  They  possess  amoeboid  motion,  and  are 
especially  phagocytic  to  other  cells,  but  may  also  take 
up  bacteria.  Great  numbers  of  these  cells  are  always 
foimd  on  the  omentum,  and  Beattie  regards  them  as  the 
most  important  cells  of  the  peritoneal  exudate.  The 
presence  of  large  numbers  of  these  cells,  if  they  give 
evidences  of  active  function,  is  a  favorable  sign.  Since 
the  omentum  furnishes  large  numbers  of  the  mononuclear 
cells  in  peritonitis  this  organ  must  be  regarded  as  an  im- 
portant agent  in  protecting  the  body  from  infection  by 
way  of  the  peritoneum.  Both  the  polymorphonuclear 
and  mononuclear  phagocytes  are  destroyed  in  the  peri- 
toneal sac,  the  former  being  largely  ingested  by  the  lat- 
ter. In  the  case  of  peritonitis  associated  with  secondary 
carcinoma  of  the  peritoneum  tumor  cells  may  be  found 
in  the  exudate  in  addition  to  the  polymorphonuclear  and 
mononuclear  phagocytes.  As  a  rule  the  cancer  cells  can- 
not be  distinguished  from  the  latter;  but  if  numer- 
ous cell-division  figures  are  present,  especially  atypical 
forms,  it  is  very  likely  that  such  cells  come  from  a  new 
growth. 

Symptoms. — Acute  Oeneral  Peritonitis. — Peritonitis  in 
the  great  majority  of  cases  being  a  secondary  disease  the 
symptoms  are  modified  to  a  greater  or  less  extent  by 
the  original  trouble.    The  onset  in  particular  is  modified. 
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Perforative  peritonitis  may  occur  suddenly  in  a  person 
apparently  in  perfect  health.  Not  infrequently  the  first 
intimation  of  tlie  existence  of  a  gastric  or  intestmal  ulcer 
is  the  peritonitis  following  a  perforation.  In  the  case  of 
perforative  appendicitis  the  onset  may  tje  equally  sud- 
den. On  the  other  hand,  the  symptoms  of  perforative 
peritonitis  may  be  obscured  in  the  case  of  intestinal  tu- 
berculosis, typhoid  fever,  intestinal  obstruction,  etc.,  by 
the  severe  local  or  general  symptoms.  A  circumscribed 
peritonitis  may  also  become  gradually  changed  into  a 
general  condition,  the  change  in  symptoms  not  being  so 
pronounced  as  to  be  noted.  For  example,  a  localized 
purulent  perityphlitis  or  a  purulent  puerperal  pelveo- 
peritonitis  may  become  generalized.  A  pneumococcio 
peritonitis  occurring  in  association  with  pneumonia  or 
meningitis  may  have  its  onset  obscured  by  the  general 
symptoms. 

In  spite  of  these  exceptions  nearly  every  case  of  acute 
general  peritonitis  runs  a  clinical  course  so  typical  and 
characteristic  that  the  recognition  of  the  condition  be- 
comes a  matter  attended  by  little  or  no  difficulty. 

Prodromal  symptoms  may  or  may  not  occur.  In  the 
former  case  they  consist  of  chills,  prolonged  and  repeated 
chilly  sensations,  fever,  loss  of  appetite,  nausea,  vomit- 
ing, thirst,  diarrhosa  or  constipation,  flatulence,  etc. 

Pain  is  the  earliest  definite  symptom,  and  few  cases  of 
acute  peritonitis  exist  without  it.  In  patients  who  are 
extremely  weak  or  whose  minds  are  clouded,  no  com- 
plaint of  pain  may  be  made,  and  the  condition  may  in 
this  way  escape  notice.  In  nearly  every  case,  however, 
the  pain  becomes  the  most  marked  and  important  symp- 
tom. It  may  be  local,  often  referred  to  the  region  of  the 
umbilicus,  but  later  usually  extends  over  the  entire  abdo- 
men. The  localization  of  the  pain  at  the  onset  of  the 
disease  may  have  some  diagnostic  value  in  indicating  the 
possible  source  of  the  inflammation,  as,  for  example,  in 
the  case  of  gastric  ulcer  or  a  perforating  appendicitis. 
The  pain  is  usually  excruciating  in  character,  and  may  be 
constant,  or  it  may  occur  with  short  remissions  followed 
by  exacerbations.  Colic-like  paroxysms  sometimes  occur. 
The  abdomen  is  extremely  sensitive,  so  that  even  gentle 
palpation,  or  even  the  weight  of  the  bed  clothes  can 
hardly  be  borne.  The  patient  assumes  a  position  which 
relieves  the  tension  of  the  abdominal  muscles,  lying  on 
the  back  with  thighs  drawn  up  and  shoulders  elevated. 
Such  a  position  may  be  maintained  for  days  and  weeks  as 
long  as  the  condition  lasts.  The  pain  is  increased  by 
deep  inspirations,  voluntary  movements,  and  probably 
also  by  intestinal  peristalsis.  The  patient  fears  particu- 
larly such  movements  as  vomiting,  coughing,  sneezing, 
defecation  and  urination,  etc.  The  character  of  the  pain 
is  sometimes  described  as  burning,  boring,  tearing, 
lancinating,  etc.,  without  much  light  being  thrown  upon 
the  conditions  causing  the  especial  character.  The  pas- 
sage of  gas  through  the  coils  probably  plays  an  impor- 
tant part  in  producing  the  painful  attaclis.  Though  in 
the  majority  of  cases  the  pain  is  most  severe  below  the 
umbilicus,  in  cases  of  perforation  of  the  stomach  the 
pain  may  be  referred  to  the  shoulders,  back,  or  chest. 
In  the  earlier  stages  of  peritonitis  following  appendicitis 
the  pain  may  sometimes  be  referred  to  the  testicle  or  the 
penis.  Mackenzie  believes  that  the  pain  which  is  caused 
by  pressure  over  the  abdomen  is  entirely  due  to  muscular 
and  cutaneous  hyperaesthesia,  the  peritoneum  itself  being 
devoid  of  sensory  nerves.  The  board-like  hardness  of 
the  abdominal  muscles  in  peritonitis  he  holds  to  be  the 
result  of  a  violent  stimulation  passing  from  the  affected 
organs  of  the  peritoneal  cavity  to  the  spinal  cord,  where 
the  irritation  spreads,  affecting  not  only  the  centres  of 
the  sensory  nerves,  but  also  those  of  the  muscular 
nerves.  When  the  patient  is  at  perfect  rest  the  pain  may 
be  slight  or  may  even  entirely  disappear. 

The  respiration  is  very  superficial,  rapid,  and  wholly 
costal  in  type.  The  speech  usually  becomes  an  almost 
imperceptible  whisper,  occasionally  hoarse  and  high- 
pitched,  resembling  the  so-called  vox  cholerica.  When 
the  attack  is  fully  established  the  patient  presents  a  very 
characteristic  appearance,  the  expression  is  anxious,  the 


face  pinched  and  the  eyes  are  sunken,  the  Hippocratic 
facies  being  seen  in  this  affection  more  often  than  in  any 
other  disease  except  cholera.  The  severity  of  the  pain  is 
usually  exijressed  by  the  patient's  face ;  in  severe  cases 
the  eyes  are  glassy  and  staring.  Consciousness  remains 
preserved  usually  until  the  last ;  rarely  there  is  delirinm, 
coma,  or  convulsion  at  the  end. 

The  abdomen  quickly  becomes  distended,  the  disten- 
tion becoming  gradually  more  and  more  marked,  and 
sometimes  reaches  such  an  extent  that  it  seems  that  the 
abdominal  wall  must  give  way.  The  skin  over  the 
abdomen  is  smooth,  shining,  thinned,  the  superficial 
veins  appearing  as  blue  lines.  Fresh  lineee  albicantiae 
may  be  seen  over  the  surface.  The  abdominal  muscles 
are  stretched  and  often  of  a  board-like  hardness.  The 
distention  is  due  to  the  intestinal  tympanites,  which  is 
sometimes  so  great  that  complete  paralysis  of  the  intesti- 
nal musculature  results.  The  distended  coils  of  intestine 
can  sometimes  be  traced  through  the  abdominal  wall. 
The  more  lax  the  abdominal  wall  before  the  beginning 
of  the  peritonitis  the  greater  will  be  the  distention; 
hence  the  distention  Is  most  marked  in  the  puerperal 
cases.  When  the  abdominal  muscles  are  well  developed 
and  the  abdominal  wall  is  tense,  the  convexity  may  not  be 
great.  In  some  cases  the  wall  may  be  as  hard  as  a  board 
and  flat  or  even  somewhat  concave.  In  the  latter  case 
the  diagnosis  may  be  very  difficult.  In  the  later  stages 
the  abdominal  distention  is  increased  by  the  fluid  exu- 
date. 

Vomiting  is  an  almost  constant  symptom  in  peritonitis. 
It  usually  begins  early  in  the  disease  and  causes  great 
pain.  At  first  the  vomitus  consists  of  food  remains,  later 
it  consists  chiefly  of  a  yellowish  bile-stained  fluid,  and 
finally  becomes  greenish.  Occasionally  the  vomitus  is 
brownish-black  and  possesses  a  slight  faecal  odor.  The 
attacks  may  be  spontaneous  or  follow  the  taking  of  food. 
In  the  former  case  the  vomitus  consists  usually  of  green- 
ish mucus.  Eructations  of  gas  usually  accompany  the 
vomiting.  The  frequency  and  intensity  of  the  vomiting 
vary.  In  some  cases  nothing  can  be  retained  upon  the 
stomach,  and  the  patient's  strength  is  very  quickly  lost. 
The  cause  of  the  vomiting-  is  not  clear ;  it  is  probably 
partly  reflex  and  partly  due  to  pressure  upon  the  stom- 
ach. In  those  cases  in  which  the  vomitus  has  a  faecal 
character  the  autopsy  usually  discloses  no  intestinal 
obstruction.  It  is  therefore  probable  that  the  condi- 
tion is  due  to  the  paralysis  of  the  intestinal  muscu- 
lature and  to  the  pressure  upon  the  intestine.  Toward 
the  close  of  the  attack  the  vomiting  may  be  replaced  by 
painful  hiccoughs,  which  are  a  source  of  great  torture  to 
the  patient.  It  is  probable  that  this  is  due  to  the  in- 
volvement of  the  peritoneal  surface  of  the  diaphragoi. 
In  those  cases  in  which  the  vomiting  is  kept  up  to  the 
end  some  of  the  vomitus  usually  enters  the  respiratory 
tract  and  may  give  rise  to  an  aspiration  pneumonia  or 
gangrene  of  the  lung. 

Peritonitis  not  infrequently  begins  with  dia/rrhm, 
which  in  some  cases  is  associated  with  tenesmus,  or  as- 
sumes a  dysenteric  character.  The  paralysis  of  the  in- 
testinal musculature  soon  leads  to  constipation,  so  that 
this  condition  becomes  an  almost  constant  feature  of  the 
disease. 

The  tongue  is  usually  coated,  grayish-white  or  urown ; 
in  cases  of  obstinate  vomiting  it  may  be  clean  and  red  or 
fissured.  A  very  disagreeable  foetor  is  usually  present, 
sometimes  almost  faecal  in  character. 

After  the  chill  the  body  temperature  usually  rises, 
reaching  104°-105°  F.  or  higher,  but  later  usually  falls. 
The  type  of  the  fever  is  very  varied ;  it  may  be  contin- 
uous, intermittent,  or  remittent.  The  skin  may  be 
cool,  while  the  rectal  temperature  is  high.  In  the  case 
of  collapse  the  temperature  may  fall  even  to  subnormal, 
and  the  body  may  be  covered  with  an  abundant  cold 
perspiration.  Just  before  death  the  temperature  may  rise 
again  and  reach  a  very  high  point. 

The  pulse  is  usually  very  frequent,  the  increase  in  rate 
being  out  of  proportion  to  the  fever,  120-140  per  minute 
not  being  uncommon.    The  pulse  is  at  the  same  time 
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small  and  soft,  and  in  very  severe  cases  may  become  im- 
perceptible. 

The  number  of  respirations  is  increased,  30-40  per 
minute.  The  increased  rate  is  due  partly  to  the  fever, 
partly  to  the  high  position  of  the  diaphragm,  and  partly 
to  the  pain  attending  abdominal  breathing.  As  men- 
tioned above,  the  type  is  costal  and  the  breathing  super- 
ficial. The  cessation  of  movement  of  the  diaphragm  is 
regarded  as  a  bad  sign,  some  writers  considering  the 
prognosis  hopeful  as  long  as  an  inspiratory  excursion  of 
the  diaphragm  can  be  felt,  this  being  taken  as  a  sign  that 
the  peritonitis  is  not  wholly  diffuse. 

The  subjectim  symptoms  are  chiefly  pain,  uncontrollable 
thirst,  shortness  of  breath,  and  anxiety. 

Percussion  gives  a  tympanitic  tone  over  the  distended 
intestine.  Dulness  over  the  dependent  portions  is  usually 
not  made  out  until  after  considerable  exudate  has.  col- 
lected. When  the  tympanites  is  very  marked  a  large 
amount  of  effusion  may  be  present  without  its  being 
detected  on  percussion.  A  change  of  level  of  the  dul- 
ness with  change  of  position  does  not  always  take  place ; 
the  adhesions  between  the  coils  preventing  the  movement 
of  the  exudate.  Moreover,  there  is  usually  too  much 
pain  to  permit  of  a  careful  examination.  The  liver  dul- 
ness is  diminished,  the  upper  border  being  pushed  up- 
ward to  the  fifth  or  fourth  rib.  The  splenic  dulness 
cannot  usually  be  made  out.  The  heart  is  pushed 
upward,  the  apex  beat  dislocated  upward  and  to  the  left. 
The  movements  of  the  heart  in  the  intercostal  spaces  are 
more  prominent  than  normal. 

Auscultation  of  the  abdomen  does  not  throw  much  light 
upon  the  condition.  Gurgling  and  splashing  sounds  may 
be  heard  in  the  intestines.  Occasionally  friction  sounds 
may  be  heard,  but  these  are  not  so  common  as  in  pleuritis 
or  pericarditis.  In  pneumoperitonitis  splashing  sounds 
may  be  produced  by  shaking  the  patient.  The  heart 
sounds  may  have  a  metallic  resonance  in  the  case  of  ex- 
treme tympanites.  The  pulmonary  second  sound  is  usu- 
ally accentuated. 

The  urine  is  usually  diminished  in  amount,  dark, 
strongly  acid,  of  high  specific  gravity,  and  sometimes 
contains  a  small  amount  of  albumin.  The  amount  of 
indican  present  may  be  much  greater  than  usual. 

Certain  writers  claim  that  there  is  a  local  increase  of 
temperature  in  the  abdotninal  wall,  and  that  this  fact 
constitutes  an  important  diagnostic  factor.  The  normal 
temperature  of  the  surface  of  the  abdomen  is  about 
35.5°  0. 

In  the  case  of  pneumoperitoneum  due  to  perforation  or 
to  formation  of  gas  within  the  cavity  the  hepatic  dulness 
is  obliterated.  The  liver  dulness  may,  however,  disap- 
pear when  there  is  no  gas  in  the  cavity ;  but  if  the  pa- 
tient is  placed  upon  his  left  side  a  clear  percussion  tone 
will  be  heard  at  the  seventh  or  eighth  rib  in  the  right  axil- 
lary line  in  the  case  of  pneumoperitoneum.  In  other 
cases  dulness  will  be  found  at  this  region.  The  disap- 
pearance of  the  liver  dulness  anteriorly  when  pneumo- 
peritoneum does  not  exist  is  due  to  the  tilting  backward 
of  the  organ  and  the  presence  between  it  and  the  ab- 
dominal wall  of  a  loop  of  distended  intestine. 

The  course  of  an  acute  general  peritonitis  is  usually 
very  rapid.  The  most  severe  cases  may  terminate  fatal- 
ly within  thirty-six  to  forty-eight  hours,  while  the  aver- 
age case  usually  lasts  five  or  six  days.  Since  the  etio- 
logical factors  vary  so  greatly  no  absolute  statements 
can  be  made  regarding  the  clinical  course.  The  perito- 
nitis occurring  as  the  result  of  gastric  or  intestinal 
perfora.tion  is  usually  quickly  fatal,  but  much  is  to  be 
hoped  from  the  surgical  treatment  of  these  cases.  Puer- 
peral septic  peritonitis  is  likewise  usually  fatal.  Pneu- 
mococcic  peritonitis  is  also  likely  to  terminate  more  or 
less  quickly  in  the  death  of  the  patient.  The  peritonitis 
which  occurs  in  connection  with  arthritis,  as  well  as  in  all 
other  cases  in  which  the  exudate  is  serous  or  sero-fibrin- 
ous,  is  much  more  likely  to  end  in  recovery. 

In  the  fatal  cases  death  may  occur  suddenly  as  if  from 
shock;  or  in  the  case  of  extreme  tympanites  the  high 
position  of  the  diaphragm  may  cause  death  from  suffo- 


cation. In  some  cases  the  final  picture  is  tliat  of  a  gen- 
eral sepsis  or  pyaemia.  In  the  great  majority  of  cases 
the  pulse  becomes  more  rapid,  the  vomiting  persists,  the 
bodily  powers  arc  quickly  exhausted,  and  the  patient 
dies  with  symptoms  of  collapse.  In  such  cases  the  tem- 
perature usually  becomes  subnormal  as  the  end  ap- 
proaches. 

In  other  cases  of  less  frequent  occurrence  the  disease 
may  drag  itself  out  over  weeks  and  months,  assuming 
the  characteristics  of  a  subacute  or  chronic  process.  Va- 
rious complications  may  occur  during  such  a  prolonged 
course.  Rupture  of  the  exudate  into  the  gastro-intes- 
tinal  tract  or  through  the  abdominal  wall,  etc.,  is  most 
likely  to  occur  in  such  cases.  In  the  event  of  such  per- 
foration into  the  stomach,  pus  will  be  found  in  the  vomi- 
tus ;  when  into  the  intestine  the  pus  will  appear  in  the 
stools ;  wlien  into  the  urinary  tract  the  urine  will  show  a 
sediment  of  pus;  when  into  the  respiratory  tract  the 
sputum  will  be  abundant  and  purulent.  In  the  event  of 
a  rupture  through  the  abdominal  wall  redness,  swelling, 
and  oedema  will  first  appear  at  the  affected  spot,  the  skin 
becomes  thinned,  fluctuation  occurs,  and  pus  finally 
seeps  through  small  fissures,  or  an  opening  of  large 
size  may  be  formed,  througli  which  the  pus  may  be 
forced  in  streams  during  coughing,  etc.  The  navel  is 
the  most  common  seat  of  perforation.  In  some  cases  the 
pus  burrows  beneath  the  skin  for  some  distance  before  it 
finally  breaks  through.  In  other  cases  some  of  the  ex- 
udate may  be  absorbed  or  encapsulation  may  take  place. 
Exacerbations  are  frequent  and  death  may  take  place 
finally  from  general  marasmus.  General  dropsy,  bed- 
sores, albuminuria,  etc.,  characterize  the  course  of  such 
cases. 

In  the  mild  cases  of  general  peritonitis  following  labor, 
abortion,  or  menstruation  recovery  may  occur.  Even 
in  those  cases  in  which  the  disease  runs  a  rapid  and 
favorable  course  disturbances  of  the  digestive  tract  usu- 
ally develop,  and  the  patient  may  die  later  from  intestinal 
obstruction  caused  by  the  contraction  of  adhesions.  A 
favorable  prognosis  should  not  be  too  hastily  given  in 
such  cases.  Nevertheless,  complete  recovery  may  result 
after  a  year  or  longer,  even  in  very  severe  cases. 

Acute  Circumscribed  Peritonitis. — The  local  symptoms 
of  this  form  are  similar  to  those  of  the  general  process, 
but  are  moi-e  limited.  The  vomiting  is  not  so  severe  or 
so  persistent  as  in  the  general  inflammation.  Though 
the  general  weakness  is  marked  the  symptoms  of  collapse 
do  not  occur  to  the  same  extent  as  in  general  peritonitis. 
An  irregular  fever  is  usually  present,  running  a  course 
suggesting  that  of  a  pysemic  affection.  The  condition  is 
usually  very  chronic.  Many  patients  die  from  general 
debility.  Spontaneous  evacuation  of  the  encapsulated 
exudate  may  take  place  through  perforation  into  the 
gastro-intestinal  tract,  pleura  and  lungs,  abdominal  wall, 
etc.  Should  tlie  perforation  take  place  into  the  remain- 
ing portion  of  the  peritoneal  cavity  the  peritonitis  may 
become  diffuse.  According  to  the  location  of  the  inflam- 
mation (perisplenitis,  perihepatitis,  perityphlitis,  peri- 
metritis, peripancreatitis,  perigastritis,  epiploitis,  mesen- 
teritis,  etc.)  various  symptoms  may  arise  through  the 
disturbance  of  function  of  the  affected  organ.  Pain  is 
usually  felt  in  the  affected  region.  The  physical  signs 
are  local  tumor,  dulness,  fluctuation,  peritoneal  friction, 
etc. 

Of  the  various  forms  of  acute  circumscribed  peritonitis 
the  condition  known  as  subphrenic  abscess  deserves  espe- 
cial attention.  It  is  due  to  an  encapsulated  collection  of 
purulent  exudate  between  the  upper  surface  of  the  liver, 
stomach,  or  spleen,  and  the  diaphragm.  Owing  to  the 
paralysis  of  the  diaphragm  the  tumor  may  rise  high  into 
the  thorax  and  may  be  mistaken  for  a  pleural  effusion, 
especially  since  a  secondary  pleuritis  is  usually  present. 
Hepatic  abscess,  splenic  infarction,  splenic  abscess,  rupt- 
ure of  echinococcus,  cysts,  and  gall  stones  are  the  more 
common  causes  of  the  condition,  but  it  is  not  a  rare  com- 
plication  of  perforating  appendicitis. 

Perforation  Peritonitis.— The  peritonitis  due  to  per- 
foration may  be  local  or  general.     It  may  run  a  very 


613 


Peritonitis. 
Peritonitis. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


acute  course,  but  when  circumscribed  is  more  likely  to 
be  chronic.  In  the  case  of  the  suddeu  perforation,  as, 
for  example,  of  the  stomach,  intestine,  cystic  tumor,  etc., 
the  patient  may  feel  a  sharp  tearing  sensation,  as  if 
something  had  given  way  within  the  body.  The  sever- 
est symptoms  of  collapse  may  immediately  result.  The 
abdomen  may  be  contracted,  hard  as  a  board,  and  even 
scaphoid.  The  slightest  touch  causes  extreme  pain. 
Death  may  take  place  within  a  few  hours.  In  other 
cases  the  entrance  into  thr,  peritoneal  cavity  of  stomach 
contents,  faeces,  bile,  etc.,  excites  a  general  peritonitis 
with  symptoms  as  described  above.  In  the  case  of  per- 
foration of  the  gastro-intestinal  tract  gas  may  also  enter 
the  cavity,  and  the  picture  of  a  pneumoperitonitis  be 
presented.  The  liver  and  splenic  areas  of  dulness  are  ob- 
literated unless  these  organs  have  become  attached  to  the 
anterior  abdominal  wall  by  means  of  adhesions.^  Suc- 
cussion  sounds  may  be  produced,  and  the  respiratory 
sounds  may  acquire  an  amphoric  quality. 

Puerperal  P«rjto7w'h'«.— This  dreaded  complication  usu- 
ally appears  at  from  the  third  to  the  fifth  day  after  labor. 
Safety  from  the  condition  is  usually  assumed  if  the 
woman  reaches  the  end  of  the  second  week  without  its 
occurrence.  The  pain  is  usually  much  less  intense  than 
in  the  other  forms  of  general  peritonitis,  and  the  tym-- 
panites  more  marked.  Chills  occur  more  frequently  tiian 
in  other  forms  and  diarrhcsa  is  almost  always  present, 
the  discharges  often  becoming  bloody  and  of  the  charac- 
ter of  a  dysentery.  The  vomiting  is  especially  obstinate. 
The  locliial  discharges  often  become  offensive.  The 
peritoneal  exudate  is  usually  more  abundant  and  more 
purulent  in  character  than  in  other  forms,  and  not  infre- 
quently becomes  putrid.  The  mortality  is  great,  death 
taking  place  with  symptoms  of  general  sepsis  usually 
between  the  fifth  and  twelfth  days. 

Infantile  Peritonitis. — i'tetoZ  peritonitis  occurs  between 
the  seventh  and  ninth  months  of  intra-uterine  life. 
Syphilis  is  the  chief  etiological  factor.  Infection  of  the 
umbilicus  may  lead  to  a  peritonitis  neonatorum.  The 
children  of  mothers  suffering  from  puerperal  sepsis  are 
especially  likely  to  become  infected.  In  addition  to  the 
local  symptoms  of  distention,  pain,  etc.,  there  is  "usually 
a  picture  of  general  sepsis  or  pysemia.  The  condition  is 
almost  always  fatal.  A  peritonitis  may  also  develop  in 
infants  and  young  children  {peritonitis  infantium)  as  the 
result  of  syphilis,  or  of  infection  with  pyogenic  organ- 
isms, the  pneumococcus,  gonococcus,  etc.  In  the  great 
majority  of  cases  peritonitis  in  young  children  is  the  re- 
sult of  appendicitis.  In  peritonitis  which  occurs  in  young 
girls  the  possibility  of  a  gonococcic  infection  should 
always  be  borne  in  mind  and  the  genital  passages  ex- 
amined for  the  existence  of  such  disease.  Non-gonococ- 
cal  vulvo-vaginitis  rarely  spreads  to  the  peritoneum. 
Pneumococcic  peritonitis  is  more  common  in  girl  than 
in  boy  infants.  The  infection  is  probably  through  the 
genital  tract.  The  onset  is  usually  very  sudden,  with 
abdominal  pain,  fever,  and  vomiting.  The  course  of  the 
alfection  is  very  similar  to  that  of  pneumonia,  the  active 
symptoms  subsiding  in  froin  seven  to  ten  days,  but  thr 
abdomen  remains  distended,  and  later  the  presence  of  an 
exudate  becomes  manifest.  Tiie  prognosis  in  the  cases  of 
general  infection  is  not  good,  but  when  the  inflammation 
is  localized  in  the  pelvis  it  is  more  favorable. 

Chronic  Peritonitis.— In  the  majority  of  cases  chronic 
diffuse  peritonitis  is  the  sequela  of  an  acute  inflamma- 
tion, although  such  an  occurrence  is  relatively  rare. 
Usually  no  sharp  line  can  be  drawn  between  the  two ; 
the  symptoms  of  an  intense  acute  process  gradually  abate 
and  are  replaced  by  those  of  a  chronic  type.  In  some 
cases  the  chronic  inflammation  develops  as  the  sequela  of 
a  number  of  acute  attacks;  in  others  the  onset  is  slow 
and  insidious.  The  pain,  abdominal  tenderness,  and  dis- 
tention are  never  so  marked  as  in  the  acute  cases.  The 
distention  is  usually  moderate  and  often  asymmetrical, 
certain  coils  of  intestine  being  especially  prominent! 
Sometimes  the  abdomen  is  flat  or  even  scaphoid,  the  walls 
are  hard  and  board-like.  On  palpation  the  tliickening 
of  the  omentum  and  mesentery,  as  well  as  the  fibrous 


adhesions  between  the  coils,  may  be  made  out  as  tumor- 
like masses  or  as  uneven  prominences.  '  When  an  effu- 
sion is  present  palpation  may  be  negative.  A  friction 
rub  may  occasionally  be  felt.  In  some  cases  the  abdo- 
men may  be  so  tense  that  nothing  can  be  felt  through  it. 
Cases  of  chronic  peritonitis,  not  due  to  tuberculosis  or 
complicated  with  other  conditions,  do  not  usually  show 
much  exudation.  The  course  is  very  protracted.  Re- 
covery may  follow  the  absorption  and  organization  of 
the  exudate,  or  its  escape  by  perforation  from  the  cavity. 
Death  usually  results  from  general  marasmus.  The 
healing  of  the  inflammation  may  be  followed  later  by 
stenosis  and  intestinal  obstruction,  which  may  result 
fatally.  Occlusions  of  the  common  duct  by  the  contrac- 
tion of  adhesions  may  cause  a  chronic  obstructive  jaun- 
dice. 

A  peculiar  form  of  chronic  serous  peritonitis  occurs  in 
children,  appearing  under  the  form  of  a  chronic  ascites. 
It  occurs  most  frequently  between  the  ages  of  two  and 
ten,  and  in  girls  at  the  age  of  puberty.  The  abdomen  is 
distended  by  the  exudate,  which  Is  usually  quite  abun- 
dant, serous  in  character,  and  freely  movable.  The 
affected  children  are  anaemic,  more  or  less  weak,  but  do 
not  lose  much  in  weight  and  do  not  suffer  pain.  The 
lower  extremities  may  become  (Edematous.  The  exudate 
may  apparently  entirely  disappear  and  then  return.  The 
course  may  last  many  months  and  may  terminate  in  com- 
plete recovery.  The  exact  nature  of  the  affection  is  un- 
known. Trauma,  inflammation  of  the  gastro-intestinal 
tract,  lymph  glands,  and  genital  tract,  etc.,  have  been 
adduced  as  etiological  factors.  It  is  possilDle  that  the 
condition  represents  an  infection  of  the  peritoneum  with 
tubercle  bacilli  of  low  virulence.  In  the  fatal  cases  death 
results  from  an  increasing  marasmus. 

Tuberculosis  of  the  Peritoneum. — Tuberculous 
disease  of  the  peritoneum  is  of  especial  interest  because 
of  its  peculiar  clinical  course  and  the  fact  that  the  con- 
dition may  undergo  spontaneous  healing  after  lapa- 
rotomy. A  distinction  is  drawn  by  some  writers  be- 
tween pure  tuberculosis  of  the  peritoneum  and  a 
tuberculous  peritonitis;  but  such  a  distinction,  while 
based  upon  pathological  grounds,  has  but  little  practical 
value,  the  first  condition  rarely  presenting  clinical  signs. 

Simple  tuberculosis  of  the  peritoneum  without  accom- 
panying inflammation  or  exudation  is  usually  secondary 
to  an  acute  miliary  or  chronic  pulmonary  tuberculosis. 
It  may  be  secondary  also  to  tuberculosis  of  the  bronchial 
or  subperitoneal  lymph  glands,  genito-urinary  tubercu- 
losis, tuberculosis  of  the  pleura,  adrenal  bodies,  etc.  In 
the  great  majority  of  cases  the  infection  of  the  perito- 
neum proceeds  from  tuberculous  ulcers  of  the  intestine  or 
caseating  mesenteric  glands.  In  rare  cases  it  may  be 
primary.  Small  grayish  tubercles  are  found  scattered 
over  the  peritoneum.  On  microscopical  examination 
they  consist  of  epithelioid  cells  and  numerous  giant  cells 
containing  tubercle  bacilli.  Caseating  centres  may  be 
seen  in  the  larger  ones ;  but  inflammatory  changes  in  the 
neighboring  peritoneum  are  usually  wanting.  The  tu- 
bercles are  almost  always  more  numerous  in  the  omen- 
tum. When  very  small  the  tubercles  may  not  be  recog- 
nized at  operation  or  autopsy;  the  larger  ones  are 
recognized  by  their  grayish  color  and  yellowish  centres. 
Though  often  very  numerous  the  tubercles  are  usually 
circumscribed.  There  are  no  symptoms,  the  condition 
usually  being  discovered  at  autopsy,  or  In  the  event  of  a 
laparotomy. 

Tvbei'cn'ldiis peritonitis — tuberculosis  with  inflammation 
and  exudation — exists  in  a  great  variety  of  forms^ which 
have  been  variously  classified  by  different  authors!  The 
most  common  forms  are :  acute  miliary  tuberculosis  with 
sero-fibrinous  or  sero-hemorrhagic  exudation;  chronic 
tuberculous  ascites  with  small  tubercles  which  show  little 
caseation ;  chronic  fbro-caaeous  tuberculous  peritonitis  with 
purulent  or  fibrino-purulent  exudate ;  chronic  hyperplas- 
tic tuberculous  peritonitis  ;  chronic  flyroid  tuberculosis  with 
little  or  no  exudation,  the  serous  surfaces  being  fastened 
together  by  adhesions. 

The  appearances  at  autopsy  or  operation  may  vary 
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greatly.  In  the  majority  of  cases  two  types  predomi- 
nate: the  adTiesiw  iorm  a,nd  that  v/ith  free  fluid  exudate. 
The  former  is  the  more  common.  The  coils  and  the 
abdominal  organs  are  matted  together  and  to  the  parietal 
peritoneum  by  numerous  firm  adhesions,  in  which  there 
are  found  numerous  tubercles  or  caseous  masses.  The 
spaces  between  the  adhesions  are  filled  with  a  purulent, 
flbrino-purulent,  or  hemorrhagic  exudate,  or,  if  perfora- 
tion into  the  bowel  has  occurred,  with  exudate  contain- 
ing fsecal  material.  Such  perforation  is  not  uncommon 
and  fsecal  fistulse  may  be  formed.  The  adhesions  be- 
tween the  liver  and  spleen  and  the  diaphragm  are  usually 
very  firm.  The  omentum  is  thickened  and  rolled  up,  and 
its  boundaries  are  lost  in  the  general  adhesions.  In  many 
cases  'it  is  almost  impossible  to  orient  the  abdominal 
organs,  everything  being  so  densely  bound  together  by 
adhesions,  all  free  surfaces  being  covered  with  a  thick 
yellowish  or  grayish  layer  of  fibrino-purulent  exudate. 
In  the  second  type  the  peritoneal  surface  is  covered  or 
strewn  with  numerous  tubercles  which  are  more  or  less 
confluent.  Caseation  is  usually  advanced  to  a  greater  or 
less  extent.  In  the  later  stages  the  entire  peritoneum 
becomes  covered  with  a  layer  of  tuberculous  granulation 
tissue  containing  caseous  centres.  Adhesions  are  not 
numerous  and  the  peritoneal  cavity  contains  a  large 
amount  of  serous  or  sero-fibrinous  exudate. 

In  the  chronic  fibroid  form  the  peritoneum  is  thickened 
and  hyaline ;  adhesions  are  numerous,  but  there  is  little 
or  no  fluid  exudate.  The  surface  of  the  thickened  peri- 
toneum is  usually  covered  with  a  fibrinous  layer.  Cir- 
cumscribed tubercles  may  be  entirely  absent,  likewise 
caseation.  The  spleen  and  liver  may  be  covered  with  a 
thick  hyaline  layer,  the  appearances  in  general  resem- 
bling those  of  hyaloserositis,  as  mentioned  above,  or  the 
condition  may  be  mistaken  for  scirrhous  carcinoma.  On 
microscopical  examination  tubercles  are  found  embedded 
in  the  masses  of  fibroid  tissue.  These  usually  contain 
but  few  bacilli.  In  the  chronic  fibro-caseous  form  large 
caseating  masses  may  be  found  in  the  adhesions  or  in  the 
peritoneal  surface.  The  chronic  hyperplastic  form  is 
characteijzed  by  the  formation  of  tumor-like  masses  of 
tuberculous  granulation  tissue.  The  mesentery  may  be- 
come enormously  thickened,  and  the  condition  may  be 
mistaken  for  a  new  growth.  A  hyperplastic  tuberpu- 
losis  of  the  intestinal  wall  is  usually  found  in  association 
with  such  cases.  Such  tumor-like  masses  are  encoun- 
tered most  frequently  in  the  right  iliac  region.  Tuber- 
culous tumor-like  masses  may  also  be  found  in  the  omen- 
tum. 

Tuberculous  peritonitis  occurs  at  all  ages,  but  is  most 
common  in  middle  adult  life.  The  majority  of  cases  ap- 
pear to  occur  in  females,  although  many  statistics  show 
a  majority  of  males  affected.  Children  are  not  infre- 
quently affected.  According  to  Osier  the  condition,  in 
America,  is  more  frequently  found  in  negroes  than  in  the 
white  race.  In  the  female,  tuberculous  peritonitis  is 
more  frequently  associated  with  tuberculosis  of  the  tubes ; 
in  children  the  infection  usually  comes  from  the  intes- 
tines. The  condition  not  infrequently  occurs  as  a  termi- 
nal infection  in  hepatic  cirrhosis. 

The  symptoms  of  tuberculous  peritonitis  vary  greatly. 
The  condition  may  be  entirely  latent,  and  discovered  only 
by  accident.  In  other  cases  the  symptoms  may  be  so 
severe  as  to  suggest  intestinal  obstruction.  In  many  in- 
tances  the  onset  is  like  that  of  an  acute  general  perito- 
nitis. Other  cases  still  resemble  typhoid  fever  and  may 
be  mistaken  for  this  disease.  The  clinical  picture  varies  to 
such  an  extent  that  no  very  general  description  can  be 
given.  Ascites  is  usually  present,  though  the  amount  of 
exudate  may  be  small.  In  the  acute  cases  the  abdomen  may 
be  distended  by  tympanites,  and  meteorism  is  also  of  fre- 
quent occurrence  in  the  late  stages  of  the  adhesive  form. 
Fever  is  always  present,  though  sometimes  light.  It  may 
be  remittent,  intermittent,  or  continuous,  and  may  reach 
103°-104°  F.  A  subnormal  temperature  is  not  uncommon 
in  the  chronic  cases,  the  temperature  for  days  in  some 
cases  running  95°-97°  F.  The  patient  may  appear  well 
nourished  or  may  be  emaciated  and  cachectic.    Gastro- 


intestinal disturbances  are  the  rule,  and  the  bowels  are 
either  constipated  or  loose.  The  skin  sometimes  shows 
pigmentation,  and  the  condition  may  be  mistaken  for 
Addison's  disease.  The  two  conditions  may,  however, 
exist  together.  In  those  cases  in  which  the  tuberculous 
peritonitis  is  secondary  to  chronic  tuberculosis  elsewhere 
the  symptoms  of  the  former  may  be  overshadowed  by 
those  of  the  primary  affection.  An  important  local  sign 
in  tuberculous  peritonitis  is  the  presence  of  tumor-hke 
masses  in  the  abdomen.  These  may  be  due  to  omental 
thickening,  encapsulated  exudation,  thickening  of  the 
intestinal  coils,  enlargement  of  the  mesenteric  glands, 
caseating  masses,  nodules  of  tuberculous  granulation 
tissue,  etc.  A  friction  rub  may  often  be  felt  over  the 
tumors.  The  omentum  is  frequently  rolled  up  and 
thickened,  forming  a  rope-like  tumor  lying  transversely' 
across  the  abdomen  above  the  level  of  the  umbilicus.  In 
connection  with  the  symptoms  this  local  sign  is  of  great 
importance  in  the  diagnosis  of  tuberculous  peritonitis. 

The  disease  pursues  a  varied  course.  Spontaneous 
healing  may  occur.  In  the  severe  acute  cases  death  may 
take  place  suddenly  as  in  acute  general  peritonitis  not 
due  to  tuberculosis.  In  the  chronic  cases  the  patient 
may  gradually  become  marasmic  and  die  from  general 
weakness.  The  course  of  the  affection  is  subject  to  va- 
rious complications  which  may  bring  about  a  fatal  termi- 
nation. Obstruction  of  the  intestine  from  the  contrac- 
tion of  adhesions,  perforation  of  the  exudate  into  neigh- 
boring organs,  fatal  hemorrhage,  etc. ,  are  the  most  com- 
mon of  these.  Death  may  take  place  from  the  primary 
tuberculosis,  or  a  general  miliary  tuberculosis  may 
terminate  the  case.  The  prognosis  in  tuberculous  peri- 
tonitis has,  however,  been  greatly  modified  by  the  results 
of  laparotomy. 

Diagnosis. — The  diagnosis  of  acute  general  peritonitis 
is  usually  very  easy  in  those  cases  in  which  there  is  a 
characteristic  picture  of  abdominal  tenderness  and  dis- 
tention, vomiting,  and  collapse.  The  starting-point  of 
the  inflammation  is  often  very  evident  in  cases  in  which 
a  primary  condition,  such  as  typhoid  fever,  gastric  ulcer, 
puerperal  infection,  etc.,  has  already  been  recognized. 
Careful  inquiry  and  search  for  such  a  cause  should 
always  be  made.  A  history  of  previous  attacks  suggest- 
ing appendicitis,  of  pelvic  disease,  gastric  ulcer,  etc.,  aids 
greatly  in  establishing  the  starting-point.  Such  a  cause 
cannot  always  be  easily  determined.  Since  many  cases 
are  first  seen  only  after  the  tenderness  and  distention  are 
marked,  the  physical  examination  cannot  always  be  as 
thoroughly  carried  out  as  is  desirable.  In  such  cases  the 
pelvic  organs  should  be  examined  thoroughly.  In  some 
cases  the  diagnosis  becomes  very  dilflcult,  since  similar 
symptoms  may  be  produced  by  other  conditions.  Acute 
enterocolitis,  acute  intestinal  obstruction,  intestinal  ul- 
cers, acute  hemorrhagic  pancreatitis,  ruptured  tubal  ges- 
tation, embolism  of  the  superior  mesenteric  artery,  rupt- 
ure of  an  abdominal  aneurism,  etc.,  may  present  the 
picture  of  peritonitis  so  that  it  may  be  impossible  to  say 
whether  the  latter  condition  has  been  set  up  or  not.  A 
diagnosis  of  peritonitis  may  be  given  under  these  con- 
ditions when  no  evidences  of  it  can  be  found  at  autopsy. 
The  mistake  may  be  easily  made  in  those  cases  of  typhoid 
fever  in  which  the  tympanites,  abdominal  pain,  and  con- 
stitutional symptoms  are  very  marked.  The  presence  of 
parasites  in  the  intestinal  tract  may  also  give  rise  to 
symptoms  suggesting  peritonitis.  In  those  cases  in 
which  the  local  symptoms  are  not  marked,  while  the 
general  collapse  is  severe,  the  diagnosis  may  be  entirely 
missed. 

The  diagnosis  of  circumscribed  peritonitis  is  almost 
wholly  dependent'  upon  the  recognition  of  the  condition 
from  which  the  inflammation  proceeds.  This  cannot 
always  be  accomplished,  and  it  is  often  necessary  to 
study  the  case  for  some  time  before  a  diagnosis  can  be 
made.  The  condition  is  most  often  mistaken  for  a  tu- 
mor. On  the  other  hand,  the  distended  bladder  and 
pregnant  uterus  have  been  mistaken  for  peritonitis.  In 
doubtful  cases  aspiration  of  local  tum^i-s  should  always 
be  carried  out. 
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The  diagnosis  of  clironic  peritonitis  is  sometimes  very 
difficult  in  so  far  as  a  differentiation  between  simple 
chronic  peritonitis  and  tuberculous  peritonitis  is  con- 
cerned. It  may  be  borne  in  mind,  however,  that  the 
former  condition  is  very  rare.  In  those  cases  in  which  it 
is  a  sequela  of  an  acute  process  tlie  previous  history  of 
the  case  usually  clears  up  the  matter,  but  in  those  cases 
in  which  the  disease  develops  gradually  and  insidiously 
the  determination  of  the  nature  of  the  process  may  be 
very  difficult.  The  patient's  family  and  individual  his- 
tory must  be  considered,  a  careful  examination  of  the 
thorax  and  genitals  must  be  made,  the  abdomen  aspi- 
rated, and  the  exudate  examined.  A  hemorrhagic  ex- 
udate favors  tuberculosis.  Carcinoma  may  be  diagnosed 
by  the  finding  in  the  exudate  of  small  bits  of  tumor  tis- 
sue or  cells  containing  atypical  division  figures.  The 
exudate  should  also  be  stained  for  tubercle  bacilli,  and 
animal  inoculations  may  be  made.  The  tuberculin  test 
may  also  be  given.  The  occurrence  of  pulmonary,  pleu- 
ritic, or  genito-urinafy  tuberculosis  makes  it  almost  cer- 
tain that  the  peritoneal  condition  is  likewise  tuberculous. 
In  children  the  symptoms  of  the  condition  known  as  tabes 
mesenterioa  are  chiefly  due  to  the  tuberculous  peritonitis 
present.  Tuberculous  peritonitis  is  often  a  terminal 
event  in  hepatic  cirrhosis. 

Blood  Examination.— The  red  cells  are  usually  dimin- 
ished in  all  forms  of  peritonitis,  to  a  slight  or  moderate 
degree  in  acute  forms,  but  in  the  chronic  cases  the  anae- 
mia may  be  marked.  During  the  acute  febrile  stage  the 
leucocytes  are  usually  slightly  increased.  In  purulent 
peritonitis  the  leucocytosis  may  be  more  marked,  but 
sometimes  is  not  present  or  the  leucocytes  ma)'"  even  be 
diminished.  In  perforative  peritonitis  tlie  beginning  of 
the  inflammation  may  be  marked  by  a  leucocytosis.  In 
typhoid  fever  perforation  may  be  marked  by  an  increase 
of  the  polymorphonuclear  leucocytes,  or  the  percentage 
of  these  may  rise  without  an  increase  in  the  total  num- 
ber, or  the  leucocytes  may  not  be  affected.  Likewise  In 
appendicitis  a  very  high  leucocytosis  is  suggestive  of  a 
beginning  peritonitis.  In  tuberculous  peritonitis  with- 
out obstruction  and  secondary  infection  with  pyogenic 
organisms,  the  leucocyte  count  is  usually  low.  As  a 
rule  leucocytosis  in  this  disease  is  a  sign  of  a  compli- 
cation. 

Hysterical  Peritonitis. — Cases  have  been  reported  of 
hysterical  conditions  in  which  all  the  symptoms  of  peri- 
tonitis were  simulated :  sudden  onset,  abdominal  disten- 
tion, pain  and  tenderness,  vomiting,  symptoms  of  col- 
lapse, etc.  Fever  may  also  be  present.  The  cases 
usually  give  a  history  of  recurrent  attacks  without  ap- 
parent cause.  Other  hysterical  symptoms  may  be  want- 
ing so  that  a  mistaken  diagnosis  may  easily  be  made. 

Treatment. — The  treatment  of  acute  peritonitis  has 
been  much  discussed  in  recent  years,  particularly  from 
the  operative  side,  and  as  a  result  of  improved  surgical 
methods  the  prognosis  in  this  so  frequently  fatal  con- 
dition has  been  greatly  improved.  There  is  much  con- 
flicting opinion  as  to  the  exact  details  of  the  treatment, 
and  various  writers  even  disagree  as  to  more  essential 
points.  A  survey  of  the  literature,  however,  seems  to 
indicate  that  the  principle  of  early  surgical  interference 
is  gaining  ground.  As  a  prophylactic  measure  in  the 
case  of  an  impending  perforation  operation  has  in  some 
quarters  met  with  notable  success.  With  improvement 
of  the  surgical  technique  much  may  be  lioped  from  the 
early  surgical  treatment  of  cases  of  acute  general  peri- 
tonitis, and  it  is  not  improbable  that  this  disease,  at 
present  so  dreaded,  may  be  divested  of  much  of  its  im- 
portance. 

The  older  treatment  may  be  summed  up  as  follows : 
rest,  opium  or  morphine,  local  applications,  hot  or  cold, 
local  application  of  leeches,  milk  diet,  ice,  small  quan- 
tities of  soda  water,  etc.  In  cases  of  distention  the 
intestines  were  sometimes  tapped  with  a  fine  trocar. 
The  intestinal  tube  was  also  used  to  i-emove  gas  from  the 
large  bowel.  Much  discussion  has  also  been  waged  over 
the  use  of  salines  in  this  condition,  some  authorities  ad- 
vocating them  as  an  aid  to  the  removal  of  the  exudate, 


others  condemning  such  use  on  the  ground  of  danger  in 
the  case  of  intestinal  lesions. 

While  in  general  the  above  outline  of  treatment  is  still 
carried  out  in  many  cases,  important  modifications  have 
been  made,  and  the  surgical  treatment  is  coming  more 
and  more  to  the  foreground.  Mikulicz,  Kr5nlein, 
Oberst,  Wagner,  Trever,  Pean,  and  KSrte  were  among 
the  first  to  advise  laparotomy  for  general  peritonitis. 
Many  other  writers  have  recently  followed  in  their  lead. 
The  operative  treatment  in  general  consists  of  opening 
the  abdomen,  removing  the  exudate  as  completely  as 
possible,  the  so-called  "toilet  of  the  peritoneum,"  and 
after-drainage.  The  earlier  in  the  disease,  especially  in 
the  case  of  perforative  peritonitis,  the  more  likely  is  the 
operation  to  be  successful.  Authorities  differ  in  their 
views  as  to  the  value  of  washing  out  the  peritoneal  cav- 
ity. Some  recommend  very  highly  the  use  of  large 
quantities  of  sterile  physiological  salt  solution,  all  parts 
of  the  abdomen  being  thoroughly  flushed.  This  seems  a 
rational  proceeding,  and  from  the  published  reports  a 
number  of  cases  have  undoubtedly  been  saved  by  it. 
Appropriate  general  treatment  is  of  course  given,  intra- 
venous saline  injections  being  freely  used  during  the 
after-treatment.  In  those  cases  in  which  adhesions  have 
already  formed  the  washing  out  of  the  exudate  is  more 
difficult  and  less  perfect.  This  fact  is  therefore  the  chief 
reason  for  operating  as  early  in  the  disease  as  possible. 
Mikulicz  advises  several  incisions  for  the  purpose  of 
draining  and  flushing  localized  collections  of  exudate. 

On  the  other  hand,  Krogius  does  not  advise  the  flush- 
ing out  of  the  cavity,  apparently  for  the  reason  that  he 
does  not  think  it  accomplishes  the  desired  purpose.  He 
recommends  the  dry  absorption  of  the  exudate,  all  parts 
of  the  peritoneal  surface  being  thoroughly  mopped  with 
sterile  gauze  compresses  and  particular  attention  being 
paid  to  the  pelvis  and  the  subphrenic  space.  In  order  to 
render  all  parts  of  the  peritoneum  accessible  he  makes  two 
incisions  through  the  abdominal  wall,  one  along  the  lateral 
border  of  the  right  rectus,  the  other  along  the  lateral 
border  of  the  left.  If  the  exudate  in  the  pelvis  cannot 
be  removed  through  these  openings,  he  advises  a  counter- 
opening  in  the  posterior  wall  of  the  fornix  vagina  in 
women,  and  a  parasacral  opening  in  males.  After  cleans- 
ing the  peritoneum  as  perfectly  as  possible,  large  Miku- 
licz iodoform  tampons  are  placed  in  the  pelvis  and  in 
the  upper  and  lower  portions  of  the  abdominal  cavity. 
These  become  offensive  in  a  few  days  and  are  renewed, 
the  outer  dressings  being  frequently  changed.  In  addi- 
tion he  uses  intravenous  saline  injections,  intestinal  irri- 
gation, and  morphine  when  necessary.  The  occurrence 
of  secondary  collections  of  exudate,  particularly  sub- 
phrenic abscess,  should  be  watched  for  and  when  found 
they  should  be  opened  and  cleansed.  Although  these 
principles  are  applied  chiefly  to  perforative  peritonitis 
occurring  in  appendicitis  they  may  be  utilized  in  the 
treatment  of  all  forms  of  acute  general  iDcritonitis. 

The  surgical  treatment  is  particularly  applicable  to 
local  circumscribed  peritonitis.  The  encapsulated  ex- 
udate should  be  evacuated  by  incision  or  puncture,  and 
the  cavity  washed  and  treated  as  a  chronic  abscess  cavity. 
The  details  concerning  drainage,  packing,  -after-treat- 
ment, etc.,  must  be  left  to  the  judgment  of  the  operator. 

In  the  case  of  subphrenic  abscess  an  incision  may  he 
made  at  the  edge  of  the  ribs,  or  the  transpleural  route 
may  be  followed  by  resecting  several  ribs.  In  the 
chronic  forms  with  multiple  adhesions  relatively  little 
can  be  expected  from  operative  procedures. 

In  the  case  of  tuberculous  peritonitis  laparotomy  Is  at 
present  the  only  method  of  treatment  offering  hope  of 
improvement  or  cure,  and  is  universally  advised  for  this 
condition.  The  fact  that  a  tuberculous  peritonitis  may 
spontaneously  heal  after  laparotomy  was  accidentally 
discovered  by  Spelicei-  Wells  in  1862.  So  much  has  been 
written  upon  this  subject  that  the  reader  is  referred  to 
some  one  of  the  recent  monographs  relating  to  it.  The 
relation  between  the  laparotomy  and  the  cure  of  the 
tuberculosis  is  wholly  unknown,  although  numerous 
theories — effects  of  daylight,  evaporation,  irritation  of 
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the  peritoneal  surface,  promotion  of  healthy  granulation- 
tissue  formation,  increase  of  the  peritoneal  resistance, 
hyperleucocytosis,  increased  bactericidal  action  of  tlie 
exudate,  etc.— have  been  advanced  in  explanation.  Sur- 
geons differ  very  much  in  the  details  of  technique  in 
their  operations  upon  such  cases.  Some  open  the  abdo- 
men and  remove  the  exudate  with  dry  sponges ;  others 
flush  with  warm  physiological  salt  solution ;  others  still 
wash  out  the  cavity  with  solutions  of  salicylic  acid,  etc. 
There  is  also  a  difference  of  method  in  regard  to  the  re- 
moval of  the  organs  (tubes,  lymph  glands,  etc.)  pri- 
marily affected.  In  general  it  may  be  stated  that  lapa- 
rotomy is  indicated  in  all  cases  of  tuberculous  peritonitis 
in  which  the  general  condition  of  the  patient  permits,  or 
in  which  there  is  no  evidence  of  cerebral,  pulmonary,  or 
extensive  glandular  or  bone  tuberculosis.  The  medicinal 
treatment  of  tuberculous  peritonitis  is  advised  in  some 
cases,  the  administration  of  iodoform  as  well  as  its  use  by 
inunction  having  been  reported  as  resulting  in  cures. 
Cases  of  cure  have  also  been  reported  as  following  the 
use  of  tuberculin. 

Very  recently  a  number  of  writers  have  been  advising 
conservatism  in  the  treatment  of  acute  general  peritonitis 
by  operation.  Those  who  advocate  a  medicinal  method 
modify  the  older  methods  by  giving  no  food  by  the 
mouth,  employing  rectal  feeding,  allowing  no  ice,  check- 
ing thirst  by  wet  gauze  to  lips  and  by  rectal  injections, 
giving  no  cathartics,  administering  small  doses  of  mor- 
phine, and  applying  continued  cold  to  the  abdomen.  This 
treatment  is  based  upon  the  theory  that  the  peritoneal 
exudate  itself  may  wealfen  the  virulence  of  or  destroy 
the  germs  gaining  entrance  to  the  cavity.  Alcohol  has 
been  strongly  advised  in  the  treatment  of  puerperal  peri- 
tonitis, large  and  frequent  doses  being  given. 

The  injection  of  purgatives  directly  into  the  intestinal 
canal  has  been  advised  and  as  strongly  condemned. 

Some  surgeons  advise  against  operation  in  sthenic  cases 
of  perforative  peritonitis  without  symptoms  of  sepsis, 
on  the  ground  that  spontaneous  resolution  may  occur. 
There  is,  however,  a  great  danger  that  such  cases  may 
under  the  influence  of  morphine  be  allowed  to  drift  along 
until  too  late. 

Hot  vaginal  douches  have  been  strongly  recommended 
in  cases  of  pelvic  peritonitis.  If  the  external  genitals  are 
protected  injections  of  water  at  40°  C.  may  be  given  with- 
out discomfort.  The  pelvis  should  be  elevated,  and 
about  4-5  litres  of  water  used  for  the  irrigation  daily. 
Tampons  of  glycerin  or  potassium  iodide  with  glycerin 
are  applied  after  the  irrigation.  Stratz  in  particular 
claims  good  results  from  the  application  of  this  method 
in  pelvic  peritonitis  associated  with  pyosalpinx. 

The  statistics  of  the  results  of  the  treatment  of  acute 
general  peritonitis  by  operation  are  very  encouraging. 
Krogius  in  his  monograph  published  in  1901  has  made  an 
elaborate  study  of  the  results  of  operation  in  general 
peritonitis  following  appendicitis.  The  percentage  of 
cures  ranged  from  38.5  to  46. 

Surgical  interference  in  the  case  of  impending  perfora- 
tion of  gastric  or  intestinal  ulcers,  appendicitis,  rupture 
of  sac  in  ectopic  gestation,  salpingitis,  necrotic  ovarian 
cystomata  or  subserous  uterine  fibromata,  hemorrhagic 
pancreatitis,  etc.,  has  proved  of  the  very  greatest  value 
as  a  prophylactic  measure.  With  improved  methods  of 
diagnosis  much  may  be  hoped  for  by  tlie  further  develop- 
ment of  such  prophylactic  operations. 

The  literature  of  peritonitis  is  enormous.  Collections 
of  bibliograohy  will  be  found  in  the  article  by  Doderlein 
in  Veit's  "Handbuch  der  Gynaliologie,"  and  in  the  one 
by  Eichhorst  in  Eulenburg's  "Real-Encyclopadie."  An 
exhaustive  review  of  the  literature  of  peritoniMs  f  rom  the 
year  1885  to  1900  is  given  by  von  Bruns  {Cent.  f.  ally, 
path.  Anat.,  1901.)  Aldred  Scott  Warthin. 

PHYSICIAN,    RELATION    OF,    TO    THE    LAW.— In 

this  we  have  a  subject  of  much  interest  and  importance, 
yet  one  that  is  too  little  known  among  the  profession  at 
large.  Experience,  while  a  valuable  teacher,  is,  where 
the  law  is  concerned,  a  very  expensive  one ;  so  it  is  the 


duty  of  every  practitioner  to  familiarize  himself  with  tlie 
laws  having  a  medical  aspect,  remembering  that  local, 
not  national,  statutes  prevail. 

In  several  States  medical  jurisprudence  is  one  of  the 
subjects  of  examination  as  conducted  by  the  State  Board 
of  Examination  and  Registration,  and  is  given  equal 
importance  with  the  other  branches,  as  it  should  be,  for 
there  is  no  more  pitiful  sight  than  to  see  a  medical  wit- 
ness, bright  in  other  subjects,  held  up  to  ridicule  by  at- 
torneys because  of  ignorance  of  the  legal  requirements 
of  the  particular  case  in  question. 

Judges  throughout  the  Union  try  to  sustain  the  same 
rulings  along  general  lines,  but  it  is  impossible  to  lay 
down  fixed  rules  for  all  sections  of  the  country  in  an 
article  of  this  nature,  as  the  wording  of  the  statutes  dif- 
fers in  almost  every  State ;  hence  they  are  capable  of 
various  interpretations. 

License  to  Practise. — In  many  of  the  States  good  laws 
have  been  enacted  requiring  that  the  applicant  for  license 
present  a  diploma  from  a  recognized  school,  showing  the 
necessary  training  to  qualify  liim  for  the  work  which  lie 
desires  to  undertake.  Some  States,  in  addition  to  the 
presentation  of  a  diploma,  require  an  examination  before 
a  State  or  local  board,  and  will  admit  no  one  to  the  prac- 
tice of  medicine  and  surgery  until  a  certificate  of  quali- 
fication is  issued  to  the  applicant  by  the  Board  of 
Examiners. 

After  the  applicant  has  received  the  necessary  State 
documents  it  is  his  duty  to  present  the  same  and  his 
diploma  for  record  to  the  clerk  of  the  county  in  which  he 
desires  to  locate.  In  case  of  removal  from  one  county  to 
another  the  papers  must  be  again  recorded  in  the  office 
of  the  county  clerk.  The  law  must  be  complied  with  in 
every  particular,  else  non -recognition  will  result  if  he 
should  be  called  into  court. 

If  one  is  located  near  a  county  or  State  line,  cases 
can  be  attended  in  the  adjoining  county  or  State  without 
a  record  in  the  same,  provided  tlie  jjractitioner  be  legally 
recognized  in  the  county  and  State  in  which  he  is  located. 

In  case  of  change  of  location  to  another  State  all  the 
local  laws  must  be  investigated  and  fully  complied  with, 
the  physician  going  before  examining  boards  if  neces- 
sary. 

As  a  measure  cannot  be  made  retroactive,  those  who 
have  qualified  under  former  acts  are  entitled  to  all  the 
rights  and  benefits  of  the  law  existing  at  the  time  of 
their  qualification.  In  many  of  our  Western  and  South- 
ern States  are  to  be  found  legal  practitioners  who  received 
their  medical  training  as  members  of  a  hospital  corps  dur- 
ing the  civil  war,  or  as  apprentices  of  physicians  who 
established  themselves  in  a  legal  way  under  the  very  lax 
laws  that  formerly  covered  the  practice  of  medicine  in 
these  localities.  Many  of  these  men,  being  keen  obser- 
vers, and  having  had  the  advantages  of  short  post-grad- 
uate courses,  do  much  good. 

Different  Schools.  — ^JnA&c  the  law  the  members  of  the 
different  schools  have  equal  rights.  Each  is  allowed  to 
practise  the  method  in  which  he  has  been  trained,  and  he 
can  recover  by  law  such  fees  as  he  can  prove  that  he  has 
earned,  even  if  men  of  other  schools  testify  that  the  treat- 
ment given  was  not  all  that  it  should  have  been.  Deci- 
sions have  been  rendered  in  several  States  granting 
freedom  of  practice  to  osteopaths  when  it  was  fully 
demonstrated  that  their  principles  in  the  handling  of  in- 
fectious and  malignant  cases  were  faulty. 

Malpractice. — In  order  to  recover  in  a  malpractice  suit 
it  is  necessary  to  prove  that  the  attending  physician^  or 
surgeon  did  not  use  or  display  ordinary  skill  in  handling 
the  case  in  question.  This  ruling  gives  a  wide  latitude 
in  arriving  at  what  constitutes  "ordinary  skill."  A  city 
practitioner,  with  vast  opportunities  in  hospital  work,  is 
expected  to  have  greater  skill  than  the  man  in  country 
practice  whose  oppoi'tunities  are  necessarily  limited. 

A  recent  ruling  of  the  Superior  Court  of  Cincinnati  set 
aside  a  judgment  rendered  in  favor  of  the  plaintiff  by  a 
lower  court,  on  the  ground  that  expert  testimony  had 
not  been  introduced  to  show  that  the  attending  physician 
had  failed  to  use  or  display  ordinary  skill  and  care  in  the 
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handling  of  this  particular  case.  This  ruling  is  most 
wise  and  will  no  doubt  be  the  cause  of  much  less  annoy- 
ance, to  say  nothing  of  loss  of  time  and  money,  to  the 
profession  generally,  as  unscrupulous  attorneys  have  in 
recent  years  been  filing  suits  against  physicians  who 
were  fortunate  enough  to  possess  funds  or  property,  m 
the  hope  of  blackmailing  by  a  so-called  compromise, 
realizing  that  the  majority  of  men  would  rather  pay 
them  a  fee  than  stand  suit  under  the  older  rulings. 

Like  others  under  the  law  the  physician  is  liable  for 
damages  if  he  is  careless  and  neglectful  in  his  work. 
When  he  is  employed  to  treat  a  case  the  contract  is  im- 
plied, and  the  person  or  persons  employing  the  medical 
man  are  to  understand,  when  the  case  is  accepted,  that 
ordinary  sldll  is  to  be  shown. 

Suggestive  Therapeutics.— This  subject,  which  has  at- 
tracted considerable  attention  in  recent  years,  is  one  that 
has  its  legal  complications  if  carried  too  far._ 

A  Cincinnati  physician  was  recently  indicted  on  the 
charge  of  obtaining  money  under  false  pretense  as  a  re- 
sult of  erroneous  ideas  as  to  the  scope  of  this  line  of 
treatment.  A  woman  who  had  been  under  the  care  of  a 
number  of  physicians  for  some  time,  going  first  to  one 
and  then  to  another,  decided  to  make  another  change  and 
called  in  the  man  in  question.  After  going  into  her  his- 
tory, perhaps  realizing  that  his  predecessors  had  done  all 
that  was  possible  in  a  strictly  medical  way,  he  decided 
that  hers  was  a  good  case  for  suggestion,  and  to  this  end 
informed  her  that  she  had  a  tumor  which  it  would  be 
necessary  for  him  to  remove.  The  patient  consented  and 
was  removed  to  a  hospital  for  the  operation.  As  an  en- 
dometritis existed,  the  womb  was  curetted,  and,  after 
the  effects  of  the  anaesthetic  had  disappeared,  the  pa- 
tient was  informed  that  the  operation  was  successful. 
The  attending  physician  reported  that  the  recovery 
was  rapid,  and  that  the  patient  had  fully  recovered  from 
all  pre-existing  symptoms.  After  a  time  the  patient 
asked  to  be  shown  the  tumor  which  had  been  removed. 
Several  excuses  were  offered,  but  the  patient  was  per- 
sistent ;  so,  to  continue  the  suggestion,  the  woman  was 
shown  a  piece  of  beef  so  arranged  as  to  resemble  a  tumor. 
In  some  manner  it  was  suggested  that  a  section  be  made 
and  studied  by  a  pathologist  to  ascertain  the  nature  of 
the  growth.  This  suggestion  was  acted  upon  and  the 
"  tumor  "  was  sent  to  a  well-known  man  for  examination 
and  report,  with  the  result  that  criminal  proceedings 
were  begun  against  the  too  ardent  advocate  of  sugges- 
tion. 

In  all  cases  in  which  suggestion  is  likely  to  benefit, 
members  of  the  family  should  be  consulted  and  their  con- 
sent and  co-operation  obtained.  If  actual  deception  is 
considered  necessary  a  consultation  should  be  arranged, 
all  the  facts  bearing  on  the  case  reduced  to  writing,  and 
the  document  signed  by  the  attending  physician,  the  con- 
sultant, and  some  responsible  member  of  the  family,  and 
then  carefully  filed  for  reference. 

In  all  cases  of  suggestion  the  charges  made  for  service 
rendered  must  be  in  accordance  with  the  work  actually 
performed,  else  fraud  will  be  claimed  and  established. 

Cases  Hamng  a  Legal  Aspect.— A\\  cases  of  this  nature 
should  be  considered  in  every  possible  detail,  and  full 
notes  should  immediately  be  made  and  recorded  in  a  per- 
manent form  for  future  references.  A  judge  is  always 
of  the  opinion  that  a  doctor  should  notice  everything, 
and  if  he  fails  in  his  examination  on  the  witness  stand, 
the  public  is  ready  to  censure  him  and  the  opposing  at- 
torneys make  light  of  his  ability  in  their  arguments. 

If  a  physician  is  called  to  see  an  individual  dying  as 
the  result  of  accident,  assault,  or  attempt  at  self-destruc- 
tion, who  is  capable  of  making  an  ante-mortem  state- 
ment, he  should  insist  that  the  latter  be  reduced  to  writ- 
ing, signed  and  witnessed.  Before  his  statement  is  taken 
the  patient  must  be  informed  that  death  is  certain  to  fol- 
low, as  dying  declarations  are  of  great  legal  importance, 
and  this  point  must  always  be  made.  The  simple 
statement  of  an  injured  person  who  may  be  of  the  opin- 
ion that  recovery*  will  follow,  is  of  very  little  value. 

When  viewing  a  dead  body  the  physician  should  note 


its  position,  not  alone  as  regards  the  relation  of  its  mem 
bers  and  the  surface  on  which  it  lies,  but  also  as  regards 
its  relation  to  all  surrounding  objects.  Very  careful  in- 
spection must  be  made  of  the  surface  of  the  body  and  of 
all  wounds,  scars,  marks,  livid  spots,  and  other  abnormal 
conditions;  they  should  be  measured  and  the  results 
should  be  recorded,  together  with  exact  descriptions  and 
a  statement  of  their  anatomical  relations. 

As  rigor  mortis  is  of  value  in  determining  the  state  of 
health  at  the  time  of  death,  this  feature  must  not  be  over- 
looked. A  note  must  also  be  made  in  regard  to  the  fol- 
lowing: Whether  the  surface  of  the  body  is  livid  or 
pallid,  what  expression  the  face  bears;  whether  the  body 
is  warm  or  cold,  as  revealed  by  the  temperature  of  the 
mouth  or  the  axilla ;  the  exact  time  at  which  the  body 
was  seen;  the  condition  and  nature  of  the  clothing;  the 
contents  of  the  pockets:  whether  there  was  any  jewelry; 
at  what  time — giving  hour  and  place — the  person  was 
last  seen  alive,  and  whether  he  or  she  was  alone ;  if  vom- 
ited matter  is  present,  collect  some  of  it  for  chemical 
analysis;  note  the  presence  or  absence  of  weapons, 
drugs,  bottles,  or  other  possible  clews. 

If  a  post-mortem  examination  is  necessary  to  establish 
the  cause  of  death,  every  vital  organ  should  be  thorough- 
ly examined.  The  stomach  and  intestines  should  be  ex- 
amined for  inflammation,  and  if  such  areas  are  found  the 
exact  seat  and  possible  nature  must  be  determined.  The 
contents  should  .  be  collected  for  examination.  The 
amount,  odor,  color,  and  other  characteristics  are  to  be 
noted.  If  death  by  poisoning  is  suspected,  the  stomach, 
liver,  intestines,  and  kidneys  should  be  removed  for  a 
chemical  examination.  All  vessels  used  for  the  collection 
of  vomit,  or  of  other  fluids  and  organs  removed,  must  be 
known  to  be  perfectly  clean  and  not  to  have  been  where 
contamination  with  arsenic,  strychnine,  or  mercury  pould 
have  been  possible.  Note  whether  the  rectum  is  empty 
or  filled  with  faeces ;  the  latter  condition  indicating  that 
purging  could  not  have  taken  place.  Carefully  examine 
the  lips,  mouth,  pharynx,  larynx,  oesophagus,  and  trachea 
for  evidences  of  the  corrosive  action  of  poison. 

Note  whether  there  is  an  abnormal  amount  of  fluid  in 
the  pleural  cavity,  pericardium,  cranium,  or  spinal  canal. 
Thoroughly  investigate  the  action  of  the  valves  of  the 
heart. 

In  cases  in  which  death  has  resulted  from  the  slow  ac- 
tion of  poison  it  is  important  to  investigate  the  changes 
which  may  have  taken  place  in  the  kidneys  and  liver. 
In  all  cases  of  death  from  an  unknown  cause  the  best 
way  of  arriving  at  a  definite  conclusion  as  to  whether 
death  was  due  to  natural  or  to  violent  means  is  by  the 
slow  process  of  exclusion.  Full  notes  along  this  line 
will  make  the  position  of  the  medical  witness  secure,  as 
he  is  then  prepared  to  meet  the  attack  of  attorneys  when 
by  cross-examination  they  try  to  make  the  point  that 
death  could  have  resulted  from  other  causes. 

When  the  medical  man  is  called  upon  to  make  an  ex- 
amination of  a  body  that  has  been  buried,  it  is  necessary 
that  the  body  be  identified  by  some  one  who  can  positive- 
ly state  that  the  body  in  question  is  the  one  ordered  ex- 
amined, else  the  point  will  be  made  and  sustained  that  it 
is  possible  that  the  wrong  body  was  exhumed. 

Criminal  Assault. — This  is  a  subject  often  brought  to 
the  attention  of  the  medical  witness,  especially  in  the 
case  of  children  below  the  age  of  ten.  Noma  pudendi, 
when  discovered  by  those  in  charge,  is  often  thought  to 
be  the  result  of  an  assault,  and  the  afiiicted  child,  not 
understanding  the  true  nature  of  the  questions  asked, 
will  make  admissions  that  result  in  serious  charges  being 
preferred  against  an  innocent  person.  The  other  extreme 
is  to  be  considered  at  all  times  in  connection  with  assault, 
as  in  rare  cases  only  the  most  careful  examination  will 
reveal  physical  signs ;  for  wounds  and  abrasions  of  the 
hymen  and  vagina  heal  rapidl}'. 

Casper '  reports  a  case  in  which,  on  examination  eleven 
days  after  the  assault,  no  signs  of  the  outrage  could  be 
observed. 

The  leucorrhcea  common  in  childhood  is  often  the 
cause  of  rape  charges.     Children  of  a  scrofulous  habit 
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may  present  points  of  ulceration  about  the  vagina  and 
vulva,  accompanied  by  a  purulent  vaginal  discharge,  so 
that  In  any  case  the  presence  or  absence  of  gonococci 
must  first  be  determined  and  deductions  made  accord- 
ingly. 

A  child,  as  a  rule,  makes  little  or  no  resistance  at  the 
time  of  assault ;  so  the  bruises  and  other  marks  of  vio- 
lence usually  observed  in  older  females  are  absent  and  the 
case  resolves  itself  into  ascertaining  the  cause  of  abnormal 
conditions  about  the  genital  tract. 

As  false  charges  are  sometimes  preferred  by  older 
females,  it  should  always  be  the  rule  to  look  upon  all 
cases  from  this  point  of  viewwhen  beginning  the  exami- 
nation. If  marks  of  violence  are  shown,  ascertain  the 
time  of  the  alleged  assault,  and  observe  whether  the 
woimds  or  bruises  are  older  than  the  time  indicated ;  also 
obtain  all  the  facts  as  to  the  manner  of  the  assault,  and 
note  whether  the  marks  of  violence  presented  could  have 
resulted  in  the  manner  described. 

When  an  examination  of  the  genital  tract  is  made  it 
must  be  remembered  that  the  hymen  is  at  times  destroyed 
as  the  result  of  a  purulent  discharge,  and  also  that,  in 
some  VFomen,  it  is  destroyed  at  the  beginning  of  the  men- 
strual period.  On  the  other  hand,  the  presence  of  an  in- 
tact hymen  is  not  a  positive  sign  that  penetration  has  not 
taken  place.  The  important  thing,  in  such  cases,  is  to 
determine  whether  or  not  the  vaginal  canal  has  been 
dilated. 

In  the  event  of  assault  on  a  married  woman,  or  on  one 
who  is  not  a  virgin,  evidences  of  injury  to  the  genital 
tract  may  or  may  not  exist.  If  the  assailant  is  alone  in 
his  deed,  marks  of  violence  are  always  to  be  found  about 
the  person  of  the  victim,  often  including  the  vulva  and 
vagina,  for  the  resistance  offered  causes  undue  force  to 
be  used  in  penetrating.  If  the  assailant,  however,  has 
assistance,  either  manual  or  in  the  form  of  drugs,  no 
signs  of  assault  may  be  present.  Where  drugs  have  been 
administered,  their  character  must  be  discovered,  if  pos- 
sible, and  their  physiological  action  fully  investigated,  in 
order  that  it  may  be  shown  that  hallucinations  have  not 
led  to  the  making  of  the  charge.  The  hallucinations 
produced  by  the  administration  of  antesthetics  for  slight 
operations  have  resulted  in  dentists  being  accused  of 
rape. 

A  case  of  extreme  interest  is  that  of  a  young  woman 
who  was  violated  while  asleep.  She  had  returned  from 
a  long  walk  with  her  accepted  admirer,  had  drunk  a  glass 
of  ale,  then  had  fallen  asleep  in  his  presence,  and  the  as- 
sault followed.  Owing  to  the  fact  that  she  was  an  un- 
usually heavy  sleeper,  the  pain  produced  by  laceration 
of  the  hymen  and  distention  of  the  parts  had  not  been 
sufficient  to  awaken  her.  An  examination  by  a  compe- 
tent medical  man  revealed  the  usual  physical  signs  of 
recent  defloration,  and  the  assailant  admitted  his  guilt 
when  charged  with  the  crime. 

The  medical  witness  is  usually  concerned  in  cases  of 
young  children  and  the  feeble-minded;  the  testimony 
of  the  victim  commonly  establishing  the  charge  in  adult 
cases. 

Criminal  Abortion. — While  we,  as  a  rule,  divide  the  ex- 
pulsion of  the  foetus  before  the  normal  termination  of  in- 
tra-uterine  life  into  abortion,  miscarriage,  and  premature 
delivery,  the  law  regards  all  under  the  one  head. 

It  is  the  duty  of  the  medical  witness  to  distinguish  be- 
tween natural  and  violent  abortion,  and,  if  the  cause  be 
violence,  to  ascertain  whether  it  was  criminal  or  acci- 
dental in  character.  Criminal  abortion  may  be  produced 
by  mechanical  means  or  by  the  use  of  drugs  acting  upon 
the  uterus.  When  mechanical  means  are  used,  marks  of 
the  violence  can  usually  be  demonstrated  on  the  mother 
and  on  the  expelled  foetus,  unless  the  work  has  been  done 
by  one  thoroughly  familiar  with  the  anatomy  of  the 
parts,  and  who  exercises  great  care  when  he  introduces 
the  instrument  for  the  purpose  of  rupturing  the  mem- 
branes. 

The  use  of  medicinal  substances,  by  profoundly  shock- 
ing the  system  and  in  this  indirect  way  affecting  the 
uterus,  at  times  produces  abortion.     When  seen  the  pa- 


tient is  usually  giddy,  nauseated,  and  purging.  Drugs, 
even  ergot,  can  be  expected  to  cause  an  evacuation  of 
the  uterus  only  after  the  third  month  of  gestation,  the 
muscle  fibres  not  being  well  enough  developed  prior  to 
this  time  to  respond ;  in  fact,  it  is  rare  that  the  efliect  can 
be  obtained  until  the  fifth  month  of  pregnancy  is  reached. 

The  diagnosis,  shortly  after  evacuation,  is  rendered 
easy  by  a  careful  examination,  which  should  always  be 
made,  as  cases  of  feigned  abortion  are  on  record  and 
similar  ones  will  no  doubt  occur  again. 

When  a  physician  is  called  to  see  a  case  in  which  the 
evacuation  of  the  uterus  seems  imperative,  he  should  re- 
qiiest  a  consultation,  and  a  full  and  complete  history 
should  be  obtained  and  reduced  to  writing,  if  abortion  is 
decided  upon. 

Infanticide. — By  this  term  we  mean  the  murder  of  a 
new-born  child.  In  perhaps  no  class  of  cases  is  the  medi- 
cal expert  so  liandicapped  as  in  this.  Many  children  die 
shortly  after. birth,  yet  live  long  enough  for  well-known 
evidences  of  this  fact  to  exist,  and  the  question  to  be  de- 
termined is  whether  death  was  due  to  natural  causes  or 
to  violence.  Marks  of  injury  may  show  on  almost  any 
part  of  the  body  of  the  infant  and  be  due  to  forces  acting 
at  the  time  of  delivery.  The  first  question  that  presents 
itself  when  one  views  a  dead  infant,  is  what  is  its  age ; 
and  in  this  connection  it  must  be  remembered  that  the 
younger  in  uterine  age  the  infant  is,  the  greater  the  dan- 
ger of  death  at  birth  or  shortly  after. 

The  child  should  be  weighed  and  measured  and  all 
details  in  regard  to  its  degree  of  development  should  be 
recorded,  especial  care  being  taken  to  note  the  size  of  the 
head  as  compared  with  that  of  the  trunk,  the  degree  of 
ossification,  the  color  and  thickness  of  the  skin,  and 
whether  the  surface  of  the  brain  is  smooth  or  already 
presents  convolutions.  If  the  child  is  fully  developed  it 
must  be  determined  whether  it  lived  to  breathe  and 
whether  it  was  born  alive;  for,  it  must  be  remembered, 
a  child  may  breathe  and  yet  be  born  dead.  Experiments 
have  taught  us  that  in  a  still-born  child  the  forcing  of 
air  into  its  lungs  in  an  attempt  at  resuscitation  will  pro- 
duce the  same  condition  as  that  of  a  child  who  was  born 
alive  but  breathed  only  feebly.  It  is  only  after  all  these 
details  have  been  most  carefully  observed  that  the  phy- 
sician may  feel  warranted  in  foi-ming  a  trustworthy  opin- 
ion. In  atelectasis  the  child  may  be  born  alive  and  exist 
for  some  hours,  yet  the  lungs  will  sink  in  water,  even 
when  divided  into  small  portions. 

In  those  infants  who  have  lived  long  enough  to  feed, 
the  presence  of  food  or  other  foreign  substances  in  the 
stomach  proves  that  the  child  was  alive  at  birth,  and  if 
death  is  the  result  of  poisoning,  the  appearance  of  the 
gastric  mucous  membrane  or  the  usual  chemical  analysis 
will  reveal  the  cause  of  death.  It  must  be  remembered, 
however,  that  it  is  possible  for  an  infant,  still-born,  to 
have  amniotic  fluid  or  other  contents  of  the  parturient 
canal  in  its  stomach  as  the  result  of  an  effort  to  breathe, 
the  material  having  been  drawn  into  the  mouth  during 
such  effort  and  then  swallowed  before  death  ensued. 

Death  from  suffocation  is  very  common  in  the  new- 
born ;  it  may  be  due  to  some  malformation,  to  weakness, 
to  the  blocking  of  the  air  passages  with  mucus  or  other 
substances,  or  to  the  effects  of  too  heavy  covering. 
Where  destruction  is  intended  and  a  damp  cloth  or  other 
impermeable  material  is  placed  over  the  mouth  and  nos- 
trils, death  will  result ;  and  if  the  act  has  been  done  with- 
out the  employment  of  undue  pressure,  the  medical  wit- 
ness will  be  at  a  loss  to  state  whether  the  child  was  born 
alive  or  dead,  his  opinion  being  possibly  in  favor  of  the 
latter  view. 

Birth  ltecords.—T\\Q  medical  attendant  should  write 
down  at  the  time  the  exact  date  and  hour  of  birth,  the 
sex  of  the  child,  the  state  of  its  development  and  all 
characteristic  marks,  and  he  should  place  this  record  on 
file  for  reference.  In  many  legal  battles  such  a  record 
has  been  of  value  in  determining  the  right  of  inheritance 
and  has  aided  in  dealing  justice  where  fraud  has  been 
attempted.  Male  children  have  been  substituted  for 
female,  living  children  for  those  born  dead,  and  a  perfect 
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child  for  a  monster  who  would  not  he  recognized  as  a 

legal  heir.  ,    -,,       ,  -j 

Inmnity.—Vnder  this  heading  we  shall  not  consider 
those  cases  in  which  the  insanity  is  marked  by  hallucina- 
tions and  impairment  of  all  functions,  but  preferably 
those  in  which  only  a  careful  study  will  enable  the  medi- 
cal witness  to  determine  whether  the  patient  in  question 
is  or  is  not  sane,  and  those  who  are  feigning  insanity. 

No  definite  law  can  belaid  down  as  to  what  constitutes 
insanity;  all  symptoms  must  therefore  be  carefully 
studied  and  deductions  drawn  from  them  for  the  benefit 
of  the  court. 

Persons  displaying  unnecessary  hatred  to  those  about 
them  are  often  presented  for  examination  as  to  their  san- 
ity, as  this  characteristic  is  offered  in  evidence  in  case  of 
criminal  proceedings  against  them ;  but  unless  it  can  be 
shown  that  there  is  some  impairment  of  the  faculties  of 
attention,  comparison,  and  volition,  the  individual  can- 
not be  adjudged  insane.  The  faculties  should  be  ex- 
amined when  the  patient  is  not  conscious  of  the  object 
of  the  visit  made.  Ordinary  subjects  of  general  conver- 
sation should  be  used  in  this  examination  and  mental 
note  made  of  any  and  all  irregularities,  which  can  be  re- 
duced to  writing  as  soon  as  possible  after  the  examination 
is  concluded.  During  the  examining  visit  some  subject 
should  be  introduced  which  requires  that  the  patient 
shall  write  a  letter  of  his  own  composition  which,  in 
genuine  cases  of  insanity,  will  give  evidence  of  the  con- 
dition that  can  readily  be  demonstrated.  Patients  of  tliis 
nature  should  be  repeatedly  examined,  as  many  of  them 
present  lucid  intervals. 

Perhaps  the  most  common  condition  in  wliich  the  aver- 
age practitioner  is  called  to  testify  is  that  of  setting  aside 
a  will,  the  charge  usually  being  made  that  at  the  time  of 
execution,  or  possibly  of  alteration,  the  patient  was  not 
of  sound  mind.  When  attending  a  case  in  what  appears 
to  be  the  last  illness,  the  physician  should  note  carefully 
the  patient's  mental  condition  from  visit  to  visit,  and  he 
should  preserve  a  record  of  these  observations,  in  order 
that  he  may  be  able,  if  called  as  a  witness,  to  state 
whether  the  supposed  irregularities  were  due  to  a  weak- 
ened mental  condition  or  to  an  eccentric  disposition. 

In  the  case  of  criminals  for  whom  is  entered  a  plea  of 
insanity,  a  careful  study  of  their  history  and  the  facts 
and  conditions  of  the  crime  committed  will  usually  clear 
up  the  medical  aspect  and  enable  the  physician,  when  on 
the  witness  stand,  to  be  sure  of  his  ground. 

A  sane  person  will  be  found  to  have  a  motive  for  the 
crime,  be  it  plunder  or  revenge ;  he  is  often  assisted  in 
the  crime  and  will  at  first  usually  deny  guilt,  except  in 
cases  in  which  the  motive  for  the  crime  is  notoriety,  as 
in  the  assassinations  of  Presidents  Garfield  and  McKinley. 
An  insane  person  will  have  no  motive,  or  only  a  fancied 
one,_  for  the  commission  of  the  crime,  and,  instead  of  one 
victim,  as  would  be  the  case  if  the  murderer  were  a  sane 
person,  he  will  often  kill  several,  perhaps  those  most  near 
and  dear,  and  will  make  no  attempt  to  cover  up  his  tracks 
or  deny  the  act. 

Life  Insurance.— yV here  life  insurance  is  concerned,  the 
medical  witness  is  of  importance  in  determining— for  the 
satisfaction  of  the  heirs  of  the  deceased,  of  the  company 
carrying  the  liability,  and  of  the  court,  if  legal  action  has 
been  started— as  to  whether  death  was  the  result  of 
natural  or  of  violent  means.  In  the  case  of  a  natural 
death  it  is  important  to  learn  how  long  the  individual 
had  suffered  from  the  disease  that  caused  death,  and 
whether  or  not  there  were  predisposing  chronic  patho- 
logical conditions  existing  prior  to  the  issuance  of  the 
policy  covering  the  case  involved.  On  the  other  hand, 
if  death  resulted  from  violence,  it  is  necessary  to  ascer- 
tain whether  the  cause  was  criminal,  accidental,  or  sui- 
cidal. 

Accident  insurance  having  now  become  an  extensive 
business  the  attention  of  the  profession  is  frequently 
called  to  cases  that  require  the  utmost  care  in  arriving  at 
a  definite  opinion.  Diabetic  ulcerations  are  stated  to  be 
the  result  of  trauma  (a  wound  received  in  a  barroom 
£ght  or  an  injury  caused  by  a  fall) '  or  a  syphilitic  ulcer- 


ation is  claimed  to  be  the  result  of  alburn,  and  so  on 
through  the  entire  list  of  diseased  conditions  that  pro- 
duce lesions  which  can  be  charged  to  an  accident. 

Shrewd  criminals  often  conceive  unique  plans  for  de- 
frauding insurance  companies,  and  the  medical  witness 
must  always  be  on  the  alert  for  such  surprises.  Post- 
mortem examinations  should  always  be  insisted  upon 
when  a  case  is  not  absolutely  clear. 

Partnership.— Agreevaents  are  often  entered  into  by 
members  of  the  medical  prof ession  for  mutual  benefit  and 
a  firm  name  selected.  The  basis  for  settlement  is  decided 
upon  and  division  made  accordingly,  but  no  legal  respon- 
sibility is  assumed  by  one  for  the  other,  and  each  mem- 
ber of  the  firm  is  alone  responsible  for  errors  made  in  his 
professional  work.  Should  the  firm  enter  jointly  into 
outside  investments,  they  then  become  liable  under  the 
law  to  the  same  extent  as  do  the  regular  commercial 
unions. 

Fees.  — The  question  of  fees  has  ever  been  a  hard  one 
for  the  medical  profession.  The  courts  have  ruled  that 
no  one  is  so  good  a  judge  as  to  the  number  of  visits  nec- 
essary to  be  made  in  a  given  case  as  the  medical  attendant, 
and  he  can  so  render  an  account.  In  several  States  fee 
bills  have  been  enacted  regulating  the  maximum  amount 
to  be  charged  for  certain  classes  of  work.  As  nearly 
every  case — especially  those  wherein  the  amount  of  the 
bill  rendered  is  claimed  to  be  exorbitant- — possesses  cer- 
tain complications,  it  is  not  hard  for  expert  opinion  to 
prove  to  the  court  or  jury  that  the  fee  charged  is  not  ex- 
cessive. By  far  the  most  common  question  that  arises  in 
this  connection  is  not  the  amount,  but  who  shall  pay  the 
fee.  A  prominent  Cincinnati  surgeon  recently  sued  a 
corporation  for  services  rendered  an  employee  and  lost 
his  case,  the  court  ruling  that  the  defence  had  proven 
that  the  individual  who  employed  the  doctor,  although 
he  was  connected  with  their  concern,  had  no  authority 
to  make  contracts,  and  was  simjjly  acting  as  a  messenger 
for  the  injured  person,  and  that  the  patient  must  be 
looked  to  for  liquidation  of  the  account. 

When  answering  calls  where  it  is  probable  that  the 
individual  requiring  the  service  will  be  unable  to  pay  for 
the  same,  the  physician  should  ask  some  one  in  authority 
to  become  responsible.  It  is  not  sufficient  for  a  person  in 
authority  simply  to  ask  the  medical  man  to  assume 
charge  of  a  case,  he  must  also  agree  to  settle  for  the  ser- 
vice rendered ;  otherwise  liability  can  be  denied  and  this 
defence  will  be  sustained  by  the  court.  In  nearly  all 
sections  of  the  United  States  this  ruling  has  prevailed 
where  medical  men  have  been  called  to  attend  an  injured 
passenger  or  employee  by  local  agents,  conductors,  and 
other  minor  officials  of  railway  companies.  The  same 
ruling  applies  in  cases  in  which  parents  have  requested 
attendance  upon  their  children  of  legal  age ;  the  patient 
being  considered  liable  while  the  parent  is  looked  upon 
as  a  simple  messenger  without  liability.  In  the  case  of 
the  wife,  legally  absent  from  home,  the  husband  is  held 
to  be  responsible  for  medical  attention  rendered;  if,  on 
the  other  hand,  she  is  not  legally  absent,  she  alone  is 
considered  responsible. 

Consent  of  Patient. — In  cases  of  injury,  or  in  those  in 
which  it  has  been  determined  that  an  operation  is  neces- 
sary, it  should  always  be  the  rule  to  obtain  the  consent 
of  the  patient  to  do  whatever  is  necessary  after  adminis- 
tration of  the  ana?sthetic.  In  case  the  patient  is  not  in  a 
condition  to  understand,  or  if  the  patient  is  a  minor,  then 
the  consent  of  a  responsible  member  of  the  family  or 
guardian  should  be  obtained.  Occasionally  one  meets 
with  cases  in  which  the  individual  claims  to  prefer  death 
to  the  loss  of  a  limb,  and  if  he  still  persists  in  this  view 
after  all  the  facts  are  sot  forth,  his  wish  must  be  re- 
spected. It  is  needless  to  say  that  every  avenue  for  a 
malpractice  attack  must  be  carefully  guarded  either  by 
securing  in  advance  reliable  disinterested  witnesses  or  by 
resigning  the  case  if  another  practitioner  can  be  found 
who  is  willing  to  assume  charge. 

Consent  procured  by  misrepresentation  has  no  standing 
in  law. 

Mr.  Benjamin  Vaughan  Abbott,  in  his  excellent  article 
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on  this  subject  in  the  first  edition  of  the  Handbook,  cites 
a  case  of  much  interest,  as  follows :  "  A  lady  became  sus- 
picious that  a  housemaid  in  her  employ  had  "become  preg- 
nant, taxed  her  with  it,  and  gave  lier  notice  of  dismissal. 
She  denied  it.  The  lady  sent  for  her  family  physician 
aud  ordered  the  girl  to  go  to  her  room  and  submit  to  an 
examination.  The  girl  protested,  but  went  to  the  room 
followed  by  the  physician.  She  objected  to  each  of  the 
doctor's  requirements,  as  to  removing  her  clothing,  etc. 
However,  she  obeyed,  remonstrating  all  the  while,  and 
the  usual  examination  was  made,  resulting  in  the  doctor 
being  satisfied  that  the  charge  was  groundless.  But  the 
mistress  dismissed  her,  notwithstanding.  A  lawsuit  was 
brought  on  behalf  of  the  girl  against  the  physician,  for 
•damages  for  assault.  The  case  was  several  times  dis- 
cussed in  court,  witli  the  final  result  in  the  physician's 
favor.  The  courts  considered  that  although  the  girl  re- 
monstrated, yet  as  she  went  to  her  room,  undressed,  and 
lay  down  to  be  examined,  all  without  being  forced,  the 
examination  did  not  take  place  in  a  legal  sense  without 
her  consent.  It  was  a  case  of  reluctant  obedience  to 
arbitrary,  wrongful  command,  as  distinguished  from  a 
forcible  compulsion  which  she  was  powerless  to  resist." 

Emergencies. — While  there  is  no  definite  law  covering 
the  rights  of  the  profession  at  large  in  emergencies,  the 
courts  would  no  doubt  sustain  any  action  necessary 
for  the  well-being  and  safety  of  the  public.  Health 
officers  are  given  a  wide  latitude  in  all  matters  of  public 
hygiene  and  safety  and  should  always  be  appealed  to  if 
possible. 

Belation  of  Physician  and  Patient. — The  relation  of 
patient  and  physician  is  acknowledged  by  law  to  be 
most  intimate.  Any  abuse  of  this  confidence  on  the  part 
of  the  physician  would  in  all  probability  render  him 
liable  in  a  suit  for  damages.  Abbott'  reports  a  case 
from  the  Michigan  courts  in  which  a  physician  was  as- 
sessed damages  for  allowing  a  non-medical  man  to  be 
present  and  render  slight  assistance  at  an  obstetrical 
case,  notwithstanding  the  fact  that  the  physician  showed 
that  circumstances  required  his  being  accompanied  by 
the  man  in  question,  and  that  there  was  no  other  protec- 
tion from  the  prevailing  storm  than  the  room  in  which 
the  woman  was  confined. 

In  damage  suits  the  ruling  has  been  made  that  the  at- 
tending physician  may  testify  as  to  what  the  patient  said 
regarding  the  manner  in  which  the  accident  occurred,  it 
being  held  that  the  law  in  its  strict  sense  refers  to  those 
things  necessary  for  the  physician  to  know  regarding 
family  history,  habits,  etc.,  for  the  proper  treatment  of 
the  case,  and  not  to  voluntary  admissions  made  durmg 
the  visit.  This  ruling  would  not  hold  in  criminal  cases 
if  the  patient  should  admit  that  a  wound  had  been  re- 
ceived while  doing  a  dishonest  act.  Here  the  rulmg  has 
been  made  that  this  is  imparted  in  confidence  and  must 
not  be  revealed  under  any  circumstances.  On  the  other 
hand,  the  law  will  not  protect  a  third  party,  guilty  of 
crime  but  will  allow  the  testimony  of  the  attendmg  phy- 
sician to  assist  in  conviction.  To  illustrate,  we  will  con- 
sider the  case  of  a  young  woman  dying  as  a  result  ot 
criminal  abortion.  Here  all  the  facts  were  given  the  at- 
tending physician  as  a  dying  statement.  This  was  ad- 
missible as  evidence  to  aid  in  the  conviction  of  those  re- 
sponsible for  her  condition.  In  the  case  of  State  vs. 
Pierson,  the  latter  was  charged  with  having  caused  the 
death  of  one  Withey  by  the  administration  of  arsenic. 
In  this  case  the  physician  who  attended  Withey  in  his 
last  illness  was  allowed  to  testify  as  to  what  he  saw  and 
heard  This  was  sustained  by  the  Court  of  Appeals 
under  the  ruling  that  the  law  was  to  protect  the  patient 
and  physician  in  legitimate  communications,  not  to  shield 

criminals.  ,      ,  .       .  j 

WilU  —It  is  not  often  that  the  physician  is  concerned 
in  the  drawing  of  such  documents,  and  it  should  be 
avoided  if  possible,  especially  if  comphcated  details  are 
to  be  arranged  or  the  doctor  is  to  be  a  beneficiary.  In 
cases  of  emergency  it  may  be  necessary  for  the  attending 
physiclano  draw  up  the  will,  in  which  case  any  simple 
but  clear,  form  will  be  sufficient.    Have  the  mstrument 


signed  and  witnessed  \>y  three  or  more  competent  indi- 
viduals and  deliver  the  document  into  safe  hands. 

Mark  A.  Brown. 

'  Taylor's  Medical  Jurisprudence. 

'^  Abbott :  Reperenck  Handbook  of  the  Medical  Sciences, 
Vol.  v.,  page  873,  first  edition. 

PHYSICIANS:  RELATIVE  NUMBER  AS  COMPARED 
WITH  EXISTING  POPULATIONS.— The  relative  num- 
ber of  physicians  in  any  country  or  population  depends 
upon  many  circumstances  and  conditions,  such  as  the  laws 
governing  the  practice  of  medicine,  the  progress  of  medi- 
cal education,  the  prevalence  of  empiricism,  and  many 
other  social  conditions. 

In  some  countries  the  number  may  be  ascertained  from 
the  figures  of  the  census;  in  others,  as  in  Germany,  from 
careful  enumerations  of  the  medical  profession  made  by 
the  Government. 

In  the  United  States  at  the  present  time  certain  medi- 
cal directories,  issued  at  frequent  intervals,  contain  this 
information,  with  an  approximate  degree  of  accuracy. 

The  following  tables  present  the  numbers  of  physicians 
per  10,000  of  the  population  in  each  of  the  United  States 
in  the  two  years  1898  and  1902: 

Ratio  of  Physicians  to  the  population  in  the  United  States 
IN  1898  AND  IN  1902  IN  Groups. 


States 
and  Territories. 


California . 

Iowa 

Indiana  . . . 
Vermont . . 
Oblo 


Illinois 

Arizona 

Missouri 

Colorado 

Tennessee 

Massachusetts . . 
New  Hampshire 

Maryland 

New  York 

Texas 

Arkansas 

Maine 

Kentucky  

Nevada 

Michigan 

United  States 
Connecticut  — 
Rhode  Island. . . 

Oregon 

West  Virginia . . 
Pennsylvania .. . 

Oklahoma 

Florida 

Delaware 

Montana 

Idaho  

Kansas 

Virginia 

Georgia 

New  Jersey  — 

Alabama 

Washington.... 

Wisconsin 

Louisiana 

Mississippi 

Utah 


Ratio  of 
physicians 

to  the 
population. 


Minnesota 

Wyoming 

Nebraslia 

South  Carolina  . 
North  Carolina . 

North  Dakota... 
South  Dakota .. . 
New  Mexico 


23.8 
23.7 
21.4 
20.8 
20.3 

19.3 
19.1 
19.0 
18.7 
18.6 
18.5 
18.1 
17.9 
17.7 
17.5 
17.2 
16.8 
16.5 
16.3 
16.0 
15.4 
15.3 
15.2 
U.9 
U.9 
U.9 
14.4 
14.4 
14.2 
14.0 
13.8 
13.6 


More 
than  20. 


13.3  to 
20. 


10 
to  13.3. 


8  to  10. 


Less 
than  8. 


California 

Colorado 

Vermont 

Indian  Territory 

Oklahoma 

Missouri 

Ohio 


States 
and  Territories. 


Arkansas 

Indiana 

Maine 

Iowa  

Kansas 

Illinois 

Tennessee 

Maryland 

New  Hampshire 

Michigan 

Massachusetts... 

Texas 

New  York 

Kentucky 

Nevada  

United  States. 
Pennsylvania . . . 

Oregon  

Rhode  Island  . . . 
West  Virginia .... 

Connecticut 

Washington  — 

Delaware 

Arizona 

Nebraska 

Georgia 

Idaho 


Ratio  of 
ph.vsicians 

to  the 

population, 

1902. 


More 
than  20. 


26.11 

23.4 

21.5 

20.7 

20.6 

20.3 

20.3  J 

19.71 

19.7 

18.8 

18.4 

18.4 

18.3 

18.2 

18.1 

17.8 

17.6 

17.2 

17.3 

16!3  )■   ^^S*" 


Montana 

Florida 

Wyoming 

Alabama 

New  Jersey  .. 
South  Dakota . 

Virginia 

Wisconsin  . . . . 

Utah 

Alaska 

Minnesota 

Louisiana 

Mississippi.... 


North  Dakota . . 
New  Mexico  . . . 
North  Carolina. 
South  Carolina . 


20. 


16. 

15.9 

15.4 

15.3 

15.2 

15.1 

15.0 

14.9 

14.7 

14.5 

14.3 

14.3 

13.4  j 

13.2 
13.1 
13.0 
12.2 
12.1 
12.1 
12.0 
11.5 
10.7 
10.7 
10.6 
10.6 
10.1 


II  ^  8t»10. 
8.1. 


V       10 
■  to  13.3. 


Allowance  has  been  made  in  the  foregoing  tables  for  Increase  of 
population. 

Examination  of  the  foregoing  table  shows  that  the 
ratio  of  physicians  in  the  United  States  has  increased 
from  15.4  per  10,000  inhabitants  in  1898  to  15.9  in  1903. 
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Tlie  ratio  l)ad  increased  in  each  of  29  States  and  Tcrri 
tories,  and  liad  decreased  in  19.  Alaska  and  tlie  Indian 
Territory  are  included  in  the  second  list,  but  not  in  the 
first. 

The  States  in  whicli  cither  the  increase  or  decrease  ap- 
pears to  have  been  excessive  are  Iowa  and  Arizona,  witli 
decrease  of  22  and  24  per  cent,  respectivel.y,  and  Kansas, 
Wyoming,  Oklahoma,  Nebraska,  and  South  Dakota  witli 
increase  of  35,  38,  43,  55,  and  57  per  cent,  respectively. 

The  map  or  chart  sliown  lierewith  was  constructed  for 
the  j'car  1898  and  jircsents  the  ratio  of  physicians  to  the 
population  by  means  of  different  shadings,  black  indi- 
cating the  highest  ratio. 

The  information  obtained  from  tliese  figures  ni\ist  he 
deemed  to  be  only  approximately  accurate,  since  the  two 
essential  factors,  namely,  the  directory  list  of  phj'sicians 
and  the  census  enumeration  of  the  population,  with  the 
necessary  estimates  for  intercensal  years,  cannot  be  re- 
garded as  strictly  correct  in  a  rapidly  growing  country 
like  the  United  States,  subject  to  the  constant  change 
which  attends  the  migration  of  population,  not  only 
from  foreign  countries  to  the  United  States,  but  also 
from  one  State  to  another. 

In  general,  however,  the  figures  for  the  larger  States, 
and  for  the  New  England,  Middle,  and  Southern  States, 
embraced  in  all  the  groups  except  the  first,  may  be  con- 
sidered to  be  fairly  trustworthy. 


and  in  Porto  Rico  and  the  Philippines  less  than  1  npr 
10,000.  ^ 

The  relative  number  of  physicians  in  other  countries  is 
generally  less  than  it  is  in  the  United  States.  Prinzing* 
published  the  following  figures  in  1901  for  the  principal 
European  countries: 

Number  of  pliysicians  and  surgeons  to  each  10,000  in- 
habitants: In  Germany,  5.1;  in  Austria,  4,1;  in  Hun- 
gary, 2.8;  in  Italy,  6.3;  in  Switzerland,  6.1;  in  France, 
3.9;  in  Spain,  7.1;  in  Belgium,  5.2;  in  England,  6.1;  in 
Scotland,  7.7;  in  Ireland,  5.6;  in  Denmark,  6.4;  in  Nor- 
way, 5.3;  in  Sweden,  2.7;  in  Russia  (European),  2.7. 

The  number  of  homoeopathic  physicians  in  the  prin- 
cipal states  of  the  German  Empire  were  as  follows : 

In  WUrttemberg  30  or  .3.7  per  cent,  of  the  whole  number 

of  physicians. 
In  Russia    136  or  0.9  of  one  per  cent,  of  the  whole  number. 
In  Baden       8  or  0.9  of  one  per  cent,  of  the  whole  number 
In  Saxony    1,5  or  0.8  of  one  per  cent,  of  the  whole  number. 
In  Bavaria  16  or  0.6  of  one  per  cent,  of  the  whole  number. 

At^  the  last  enumeration  of  physicians  in  the  German 
Empire,  the  whole  number  of  homoeopathic  physicians 
in  the  empire  was  stated  to  be  240,  or  less  than  1  per 
cent,  of  the  whole  number  of  practitioners,  which  was 
27,374. 

The  number  of  physicians  in  Germany  has  increased, 
both  absolutely  and  relatively,  from  13,728,  or  3.2  per 


iviumhcr  of  Inhabitants  to  Each  , 

Ilt'Ki.stered  Phy.sidan.  JJio.  &1J3.— Ratio  of  Physicians  to  the  Population  in  the  United  States,  per  10,000  Inhabitants 

in  1K98. 


The  figures  for  the  Philippine  Islamls,  Hawaii,  and 
Porto  Rico  are  not  given  in  the  tiible,  since  tliey  can 
hardly  be  regarded  as  valuable  for  piu-poscs  of  com- 
parison.    The  ratio  in  Hawaii  is  stated  to  be  5  i)er  10,000, 
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10,000  inhabitants  in  1876,  to  27,374,  or  5.1  per  10  000  in 
1900.  t 

*Zeitschr.  f.  Socialwisseusch.,  1901,  Bd.  4,  Hit.  7. 
t  Rhelnischer  Kurier,  1901,  No.  415. 
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In  the  whole  of  Prussia  there  were  registered  in  1900 
16,100  physicians,  956  dentists,  and  3,118  apothecaries.* 

Prinzing  also  states  that  quackery  has  gained  so  strong 
a  foothold  in  Germany  as  to  demand  energetic  measures 
for  its  suppression.  Weavers,  barbers,  shoemakers,  and 
persons  of  other  ordinary  occupations  are  often  found 
practising  as  physicians. 

The  relative  number  of  quacks  in  1898  in  the  principal 
German  states  were  as  follows-  In  Saxony,  10.4  per 
10,000;  in  Wiirttemberg,  5.5;  In  Prussia,  5.3;  in  Bavaria, 
4.5;  in  Baden,  2.9;  inHesse,  3.9;  in  Alsace-Lorraine,  1.3. 

The  veterinary  surgeons  in  Germany  at  the  last  enu- 
meration were  3,818  in  number,  and  when  compared 
with  the  class  of  patients  whose  ills  they  are  called  upon 
to  relieve,  were  found  to  be  in  the  proportion  of  1  to 
every  1,240  horses  and  every  5,677  head  of  cattle. 

The  proportion  of  physicians  in  the  cities  is,  as  might 
be  expected,  much  greater  than  that  of  the  rural  districts. 
For  example  in  Germany  in  1876,  in  the  cities  and  towns 
having  more  than  5,000  inhabitants  in  each,  the  ratio  of 
physicians  was  7.5  to  each  10,000  inhabitants,  and  in  the 
rural  districts  only  1.8  per  10,000.  These  figures  had  in- 
creased respectively  to  8.4  and  2.4  in  1898.  f 

The  ratios  of  physicians  in  the  great  cities  of  Europe 
and  the  United  States  were  as  follows  during  the  years 
named:  London  (1895),  13.8  per  10,000  population; 
Paris  (1896),  9.7;  Berlin  (1900)  14.1;  Vienna  (1896),  13.0; 
Brussels  (1897),  14.7;  Budapest  (1896),  16.4;  Madrid 
(1899),  34.4;  New  York  (1901),  17.1;  Chicago  (1901), 
20.5;  Philadelphia  (1901),  31.8;  St.  Louis,  26.3;  Boston, 
36.8;  Baltimore,  33;  Cleveland,  31.9;  Buffalo,  19.6;  San 
Francisco,  31.5.  Samuel  W.  Abbott. 
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PITYRIASIS  ROSEA.— Pityriasis  rosea  is  a  disease  of 
the  skin  characterized  by  the  development  of  symmetri- 
cally distributed  patches,  roundish  orcircinate  in  outline, 
slightly  scaly  and  of  a  faint  red  color.  It  Is  one  of  the 
rarer  dermatoses.  The  disease  has  been  described  under 
several  names.  Pityriasis  rosea,  the  name  given  it  by 
Gibert,  is  the  one  nearly  universally  used  now.  It  was 
described  by  Hebra  under  the  name  herpes  tonsurans 
maculosus,  and  by  Bazin  under  the  title  pityriasis  macu- 
lata  et  circinata. 

Symptomatology. — The  eruption  occurs  in  two  forms, 
the  macular  and  the  circlnate.  Probably  the  first  lesion 
in  both  forms  is  a  very  small  pinkish  macule  or  papule 
which  rapidly  spreads  to  form  the  characteristic  macule 
or  patch  of  the  disease.  In  the  macular  type  the  lesions 
are  roundish  patches,  gradually  fading  into  the  healthy 
skin,  of  a  pinkish  color  and  covered  with  fine  branny 
scales.  These  patches  vary  in  size  from  one-sixteenth  to 
three-quarters  of  an  inch  in  diameter,  and  are  of  a  reddish 
to  fawn  color.  Frequently  the  periphery  of  the  lesions 
will  show  the  erythematous  color  while  the  centre  will 
be  fading. 

The  circinate  type  of  the  disease  differs  from  the  macu- 
lar in  that  the  tendency  of  the  patches  to  spread  per- 
ipherally is  more  marked.  In  this  form  the  border 
spreads  while  the  centre -fades.  The  typical  lesion  of 
this  form,  therefore,  is  a  more  or  less  circular  patch  with 
a  pinkish  border  and  a  fawn-colored  scaly  centre.  Adja- 
cent patches  of  this  sort  may  coalesce  and  thus  form 
peculiar  gyrate  figures.  These  patches  do  not  usually 
become  larger  than  an  inch  in  diameter.  By  the  time 
they  reach  that  size  the  reddish  border  breaks  up  and 

*  B.  Wehmer :  Medlclnal-Kalender,  Berlin,  1901. 
■t  Vierteljahrsschrlft  f.  o£C.  Gesundheitspflege,   1902,  vol.  xxxm., 
Suppl.,  p.  402. 


fades  out,  leaving  the  characteristic  fawn-colored  stains 
of  the  disease.  The  lesions  are  apt  to  occur  in  successive 
crops,  so  that  it  is  possible  to  see  at  one  time  the  minute 
papules  of  the  beginning  of  the  disease,  along  with  the 
patches  and  circinate  figures  of  a  later  stage  of  the  proc- 
ess. At  times  the  eruption  remains  papular  for  the  most 
part  throughout  its  entire  course,  only  a  few  patches  or 
circinate  figures  developing. 

Brocq  called  attention  to  the  fact  that  a  single  primary 
patch,  usually  of  large  size  and  situated  upon  tlie  abdo- 
men, preceded  by  ten  days  or  two  weeks  the  general 
eruption,  and  this  observation  has  been  confirmed  by 
other  dermatologists. 

The  extent  of  the  eruption  varies  very  greatly.  In 
some  cases  it  is  confined  to  one  or  two  regions,  but  most 
frequently  it  is  widely  distributed.  It  occurs  by  prefer- 
ence on  the  front  and  sides  of  the  abdomen,  over  the 
chest  and  on  the  buttocks,  and  on  the  sides  of  the  neck. 
It  may  be  universal,  but  it  rarely  develops  on  the  face 
or  below  the  elbows  and  knees.  There  is  also  consider- 
able variation  in  different  cases  in  the  color  of  the  le- 
sions, which  at  times  show  an  inflammatory  red  but  more 
frequently  a  pinkish  or  fawn  color.  The  eruption  usu- 
ally disappears  in  from  two  or  three  weeks  to  two  or 
three  months,  but  cases  not  infrequently  last  longer, 
even  for  four  or  six  months. 

The  appearance  of  the  eruption  is  usually  preceded  by 
a  slight  rise  of  temperature  with  general  malaise,  but 
these  systemic  manifestations  are  usually  so  slight  as  to 
pass  almost  unnoticed.  There  may  be  some  enlargement 
of  the  lymphatic  glands.  This  may  be  confined  to  the 
submaxillary  and  post-cervical  glands.  At  times  also  the 
axillary  and  inguinal  glands  show  slight  painless  en- 
largement. There  is  slight  itching,  particularly  at  night, 
or  when  the  patient  gets  overheated,  but  it  is  not  of 
severe  character  and  causes  little  or  no  annoyance. 

Etiology. — The  etiology  of  the  disease  is  unknown. 
Like  the  exanthemata  and  other  toxic  eruptions  it  occurs 
most  frequently  in  children.  It  was  thought  by  Hebra 
to  be  a  mycotic  affection,  and  this  view  still  has  its  advo- 
cates. Its  symmetrical  distribution,  the  accompanying 
slight  febrile  disturbance,  and  the  character  of  the  erup- 
tion seem  to  indicate  that  it  is  closely  allied  to  erythema 
multiforme. 

HiSTOP.'i.THOLOGY. — Microscopically  the  changes  found 
are  those  of  a  slight  inflammatory  process  in  the  skin. 

Diagnosis. — The  exceedingly  trivial  character  of  the 
systemic  disturbances  and  the  duration  of  the  eruption 
serve  to  distinguish  it  from  the  exanthemata.  From 
psoriasis  and  widely  distributed  forms  of  seborrhoeic 
eczema  occurring  in  small  patches,  it  is  distinguished  by 
the  lack  of  infiltration  of  the  patches,  the  much  lower 
grade  of  inflammation,  and  the  character  of  the  scales, 
the  fine  branny  scales  of  pityriasis  rosea  presenting  no 
similarity  to  the  coarser  scales  of  psoriasis  and  seborrhceic 
eczema.  From  tinea  circinata  it  is  distinguished  by  its 
much  wider  distribution,  the  rapid  development  of  the 
lesions,  and  the  absence  of  the  ringworm  fungus.  It  is 
most  likely  to  be  confused  with  the  squamous  and  circi- 
nate syphilides,  from  which  it  is  distinguished  by  more 
rapid  development,  less  scaling,  absence  from  the  face 
and  hands,  and  the  absence  of  concomitant  symptoms  of 
secondary  syphilis. 

Treatment. — The  disease  requires  very  little  treat- 
ment. Constitutional  treatment  should  be  symptomatic. 
Certain  authorities  think  they  have  seen  benefit  from  the 
use  of  salicylic-acid  compounds.  A  mild  antipruritic 
dusting  powder,  or  lotion  or  salve  is  all  that  is  necessary 
in  the  way  of  local  treatment.        William  Allen  Pusey. 

PITYRIASIS  RUBRA.— Pityriasis  rubra  is  adermatitis, 
usually  subacute  or  chronic  in  intensity,  in  all  but  the 
most  exceptional  cases  universal,  and  characterized  by 
abundant  dry  desquamation.  Other  names  by  which  the 
condition  is  known  are  dermatitis  exfoliativa  (Wilson), 
pityriasis  rubra  aigu  (Devergie),  erythrodermie  exfoliante 
(Besnier).     It  is  a  rare  disease. 

Symptomatology.— The  disease  may  begin  primarily 
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as  pityriasis  rubra,  or  it  may  develop  upon  other  jnflam 
matory  dermatoses.  When  occurring  primarily  it_  may 
begin  in  either  of  two  ways.  In  some  cases  it  begins  as 
a  diffuse  hyperemia,  whicli  increases  until  the  skin  be- 
comes a  bright  red,  and  with  the  increase  in  redness  there 
is  the  development  of  the  characteristic  desquamation. 
In  other  cases  it  begins  as  circumscribed  red  scaly 
patches.  These  spread  peripherally  and  new  patches 
form  at  the  same  time,  until  the  entire  surface  becomes 
involved  in  the  process.  In  the  early  stages  of  the  dis- 
ease the  skin  is  of  a  bright,  hyperajmic  red  color  which 
fades  on  pressure,  and  the  induration  is  very  slight.  As 
the  process  becomes  older  the  redness  becomes  of  a  deeper 
hue  and  in  some  cases  has  presented  a  markedly  venous 
character.  There  is  also  at  times,  even  when  arsenic  has 
not  been  used,  the  development  of  marked  pigmentation 
in  the  skin.  The  true  color  of  the  skin  is  more  or  less 
concealed  by  the  abundant  grayish  scales  which  cover  it. 
The  abundance  of  this  desquamation  is  one  of  the  most 
salient  characteristics  of  pityriasis  rubra.  The  scales  are 
dry  and  grayish  in  color;  at  times  they  are  fine,  but  usu- 
ally, except  on  the  face,  they  occur  as  thin  papery  flakes. 
On  the  palms  and  soles  the  horny  epidermis  exfoliates  in 
large  flakes,  which  may  at  times  amount  to  masks  of  the 
parts.  Tlie  scales  are  easily  detached  and  quickly  reform. 
A  quart  or  more  of  scales  may  be  produced  in  twenty - 
four  hours,  so  that  they  can  be  collected  by  the  handful 
from  the  patient's  bed.  There  is  usually  very  slight  in- 
duration of  the  skin,  although  after  the  disease  has  per- 
sisted for  a  long  time  the  skin  may  become  considerably 
indurated  and  stiffened  as  a  result  of  the  chronic  inflam- 
matory process.  Rarely  is  there  any  free  exudate. 
Except  for  perspiration  the  skin  is  dry,  although  a 
certain  amount  of  weeping  and  even  the  formation  of 
buUse  have  been  described.  When  we  come,  however, 
to  cases  of  this  character,  accompanied  b.v  bullse  and  free 
exudation,  the  border-line  between  this  disease  and  pem- 
phigus foliaceus  becomes  confusing. 

There  is  more  or  less  involvement  of  the  appendages 
of  the  skin.  The  growth  of  the  hair  is  interfered  with 
and  much  falling  of  the  hair  takes  place.  At  times  the 
accumulation  of  scales  underneath  the  nails  causes  them 
to  be  raised  up  and  thrown  off.  Again  the  nails  may 
become  thin  and  softened  and  stunted  or  lost  entirely. 
In  some  cases  the  nails  become  thick  and  rough  and 
striated.  The  secretion  of  sweat  is  usually  much  dimin- 
ished, but  there  may  be  an  increase  on  such  parts  as  the 
axillse  and  genito-crural  fold.  The  tongue  in  most  cases 
is  bright  red,  undoubtedly  due  to  the  exfoliation  of  the 
epithelium,  which  is  washed  away  in  the  saliva. 

The  subjective  symptoms  are  relatively  unimportant. 
In  rare  cases  the  itching  is  severe,  but  usually  it  is  of 
trivial  character  or  absent.  The  sensation  is  more  apt  to 
be  one  of  tenderness,  burning,  and  stiffness  of  the  skin. 
The  onset  of  the  disease  is  usually  accompanied  by  a 
temporary  febrile  disturbance,  which  may  recur  with 
each  exacerbation  of  the  process.  Except  for  such  slight 
disturbances  there  may  be  no  positive  illness,  although 
there  is  usually  an  indefinite  lowering  of  the  general 
physical  tone,  which  becomes  more  marked  as  the  disease 
progresses.  Later  on,  the  patients  become  anaemic, 
cachectic,  and  emaciated,  and  thus  become  the  ready 
prey  to  intercurrent  affections.  Insanity,  and  other 
mental  and  nervous  disturbances  have  been  noted  in  a 
number  of  the  cases. 

The  acute  cases  are  often  accompanied  by  very  violent 
constitutional  symptoms,  with  all  the  evidences  of  grave 
septic  or  nutritional  disturbance.  The  temperature  may 
range  as  high  as  105°  or  106°  F.  There  may  be  great 
depression,  diarrhoea,  rigors,  and  a  typhoid  condition, 
and  death  may  occur  in  one  or  two  weeks. 

Etiology. — The  cause  of  the  disease  is  unknown.  It 
is  probable  that  several  conditions,  essentially  different, 
present  this  complex  of  symptoms.  It  is  rare  in  children 
and  occurs  most  frequently  after  middle  life.  It  is  more 
frequently  observed  in  men  than  in  women.  Crocker 
thinks  there  is  a  close  relationship  between  acute  rlieu- 
matism  and  gout  and  pityriasis  rubra,  eleven  out  of  eigh- 


teen cases  which  he  analyzed  having  shown  this  relation- 
ship. Jadassohn  has  pointed  out  the  frequency  of  the  as- 
sociation of  tuberculosis  in  some  form  with  pityriasis  ru- 
bra. It  is  recognized  that  pityriasis  rubra  may  supervene 
upon  psoriasis,  eczema,  and  other  inflammatory  affections. 
Brocq  has  seen  a  severe  acute  attack  brought  on  by  the 
vigorous  application  of  chrysarobin,  and  Crocker  has 
seen  it  follow  vigorous  inunctions  with  mercurial  oint- 
ment and  the  external  use  of  arsenic.  Stelwagon  has 
seen  it  develop  on  the  extremities  after  the  use  of  quinine 
by  patients  who  had  an  idiosyncrasy  as  regards  that  drug. 
As  an  exciting  cause,  sudden  chilling  of  the  body  has  in 
some  cases  seemed  to  have  a  direct  relationship  to  the 
development  of  the  disease,  and  in  other  cases  it  has  been 
excited  by  alcoholic  debauches. 

Pathology. — Microscopically  the  disease  shows  noth- 
ing to  difierentiate  it  from  other  simple  inflammatory 
processes  in  the  skin.  There  are  the  usual  changes  of  a 
superficial  dermatitis,  and  when  the  disease  has  persisted 
for  a  long  time  there  are  the  connective-tissue  changes 
characteristic  of  chronic  inflammation  of  the  skin.  Sev- 
eral efforts  have  been  made  to  discover  central  or  per- 
ipheral nerve  changes  in  connection  with  the  disease,  but 
without  definite  findings. 

Diagnosis. — The  involvement  of  the  entire  skin,  which 
occurs  in  all  but  the  rarest  cases,  the  profuse  dry  desqua- 
mation, the  slight  induration,  together  with  the  rapid 
development,  are  the  prominent  characteristics  of  the 
disease. 

If  it  is  admitted  that  psoriasis  or  a  squamous  eczema 
could  become  absolutely  universal  and  of  uniform  type 
of  eruption  throughout,  it  is  possible  that  they  might  be 
confused  with  pityriasis  rubra.  It  is  hardly  likely,  how- 
ever, that  this  ever  occurs.  A  universal  psoriasis  could 
be  differentiated  by  the  gradual  development,  the  greater 
induration  of  the  skin,  and  the  thick,  silvery  white,  close- 
ly adherent  scales  of  that  disease,  and  the  hemorrhagic 
puncta  following  the  forcible  removal  of  the  scales.  It 
is  hardly  conceivable  that  an  eczema  could  show  a  uni- 
form type  of  eruption  over  the  entire  body,  such  as  is 
seen  in  pityriasis  rubra.  Additional  points  of  distinction 
from  eczema  would  be  the  yellowish  crusts  of  eczema, 
the  presence  of  more  or  less  free  exudate,  less  rapid  on- 
set, greater  induration  of  skin,  more  itching,  and  less  evi- 
dence of  constitutional  disturbance. 

The  two  conditions  with  which  pityriasis  rubra  is  likely 
to  be  confused  are  pemphigus  foliaceus  and  pityriasis 
rubra  pilaris.  In  pemphigus  foliaceus  there  is  the  oc- 
currenqe  of  flaccid  bullse,  which,  if  not  seen  themselves, 
at  least  leave  traces  of  their  existence  in  undermined 
borders  of  epidermis  and  in  the  excretion  of  serum  and 
pus,  which  dries  in  crusts  upon  the  surface  and  gives 
rise  to  the  sickening  characteristic  odor  of  pemphigus 
foliaceus.  Pityriasis  rubra  pilaris  does  not  develop  so 
rapidly  as  pityriasis  rubra,  is  not  so  likely  to  be  uni- 
versal, is  accompanied  by  much  greater  induration  of 
the  skin,  and  shows  the  characteristic  papules,  which 
are  entirely  absent  in  pityriasis  rubra.  These  rough, 
dry,  horny  papules,  capping  the  hair  follicles  and  giving 
the  skin  the  nutmeg-grater  appearance,  that  are  seen 
on  the  back  of  the  fingers  and  hands  in  pityriasis  rubra 
pilaris,  are  entirely  absent  in  pityriasis  rubra. 

Treatment. — The  patients  are  made  much  more  com- 
fortable by  emollient  local  applications.  The  essential 
thing  is  to  keep  the  skin  thoroughly  lubricated.  This 
may  be  done  with  vaseline,  rose  ointment,  olive  oil,  lano- 
lin, or  mixtures  of  these  in  the  form  of  liniments.  The 
internal  treatment  is  symptomatic,  and  is  directed  toward 
building  up  the  patient's  general  health.  Arsenic  and 
quinine  have  both  been  advised  empirically  without  very 
strong  evidence  of  their  having  any  specific  effect.  _  The 
patients  should  be  carefully  protected  against  chilling, 
and  they  do  best  when  they  stay  in  bed.  There  is  little 
evidence  that  treatment  has  any  effect  except  in  relieving 
symptoms.  ^      William  Allen  Pusey. 

PITYRIASIS  RUBRA  PILARIS.  See  Lichen  Ruber 
Acuminatus. 
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Pons  and  Medulla. 


PONS  AND   MEDULLA,  DISEASES  OF   THE.— It  is 

a  fortunate  fact  that  the  occurrence  of  vascular  lesions, 
such  as  hemorrhage,  embolus,  and  thrombosis,  is  rare  in 
the  neighborhood  of  the  pons  and  medulla.  Thoy  may 
of  course  occur  in  the  presence  of  such  a  favoring  ele- 
ment as  cardio-vascular  disease,  which  in  turn  may  be 
due  to  a  variety  of  causes,  but  wlien  they  are  of  any  con- 
siderable size  they  are  so  quickly  fatal  that  a  determina- 
tion of  their  exact  location  wilhin  the  above  structures 
is  practically  impossible.  It  is,  moreover,  not  particu- 
larly easy,  even  though  the  lesion  be  so  small  as  to  be 
compatible  with  life,  to  locate  it  with  absolute  definite- 
ness,  and  this  in  spite  of  the  fact  that  the  industry,  both 
of  the  clinician  and  of  the  pathologist,  has  guided  us 
to  a  remarkably  clear  comprehension  of  the  physiologic 
values  of  the  various  nuclei,  nerve  fibres  and  tracts 
which  lie  in  and  traverse  this  anatomically  complex  ter- 
ritory. 

In  the  case  of  extensive  hemorrhage  the  victim  is 
struck  down  so  suddenly,  and  unconsciousness  super- 
venes so  rapidly  that  It  is  impossible  to  separate  the 
damage  to  individual  nuclei  from  the  general  havoc 
which  the  lesion  entails.  Certain  features  are,  however, 
usually  i^resent  which  indicate  in  a  measure  tlie  general 
situation  of  the  extravasated  blood.  The  respiration,  for 
instance,  rather  quickly  assumes  the  Cheyne-Stokes  char- 
acter, and  this  in  itself  should  arouse  a  suspicion  of  the 
intimate  relationship  between  the  hemorrhage  and  the 
respiratory  centre.  Conjugate  deviation  of  the  eyes  is 
also  a  fairly  reliable  indication  of  ponto-medullary  hem- 
orrhage, the  eyes  being  turned  toward  the  side  opposite 
the  lesion.  The  resultant  paralysis  is  apt  to  be  bilateral 
even  though  the  hemorrhage  be  unilateral  and  differs 
from  the  flaccid  type  observed  at  the  outset  of  an  ordi- 
nary apoplexy  in  the  tendency  of  the  extremities  to  as- 
sume a  degree  of  rigidity.  This  rigidity  may  be  ac- 
companied by  a  recurring  shock -like  tremor  of  a  rather 
coarse  type.  The  behavior  of  the  reflexes  is  not  suffi- 
ciently constant  to  be  dependable,  and  there  is  nothing 
strikingly  characteristic  about  the  pulse  and  temperature. 

In  arteriallesions  of  lesser  grades  of  severity  the  symp- 
toms may  be  grouped  in  a  variety  of  ways,  dependent 
upon  their  site  and  extent.  A  lesion  involving  the 
pyramidal  tract  in  the  upper  pons  produces  an  ordinary 
hemiplegia,  but  if  it  be  sufficiently  extensive  to  include 
the  facial  nucleus,  or  even  its  roots,  there  usually  results 
a  so-called  alternating  hemiplegia ;  that  is  to  say,  a  facial 
paralysis  corresponding  to  the  side  of  the  lesion  and  a 
paralysis  of  the  opposite  side  of  the  body. 

A  similar  type  is  observed  where  the  nucleus  of  the 
sixth  nerve  is  included  in  the  lesion.  In  other  cases  both 
the  abducens  and  the  facial  nerves  may  be  involved  on 
the  side  of  the  vascular  disturbance,  and  the  resulting 
paralysis  may  be  associated  with  hemiplegia  of  the  op- 
posite side  of  the  body.  Oftentimes  the  disturbance  lies 
not  exactly  in  the  sixth  nucleus,  but  near  by  in  the  con- 
joined centre  for  the  sixth  of  the  same  side  and  the  oppo- 
site rectus.  This  produces  the  conjugate  deviation  of 
the  eyes  away  from  the  side  of  the  lesion  spoken  of 
above. 

The  variety  of  clinical  combinations  which  may  occur 
in  vascular  lesions  of  the  ponto-medullary  region  is  rela- 
tively extensive.  An  examination  of  Its  anatomy  reveals 
the  fact  that  it  contains  the  nuclei  of  the  larger  part  of 
the  cranial  nerves,  nuclei  which  serve  also  as  trophic 
centres.  It  contains  furthermore  centres  governing  the 
respiration  and  the  heart's  action;  likewise  the  great 
tracts  and  network  of  fibres  which  have  to  do  with  mo- 
tion, sensation,  and  equilibration.  The  act  of  vomiting, 
the  secretion  of  the  saliva,  and  the  vaso-motor  activities 
of  the  body  also  doubtlessly  depend  upon  centres  located 
in  this  important  region.  Nowhere  else  in  the  central 
nervous  system  are  so  many  important  structures  in  such 
close  proximity ;  hence  it  is  easy  to  understand  the  eccen- 
tric grouping  of  symptoms  arising  from  simultaneous 
destruction  of  nuclei  and  nerve  tracts,  both  sensory  and 

motor.  ,   ,       ,.   .    , 

To  attempt  to  give  in  detail  all  the  chmcal  combma- 


tions  to  which  acute  vascular  lesions  of  this  region  may 
give  rise  would  be  as  fruitless  as  it  is  impossible,  the  ele- 
ment of  fortuitousness  being  too  strongly  in  the  ascend- 
ant. Generally  speaking  the  onset  of  trouble  is  marked 
by  rather  severe  vertigo,  which  may  be  accompanied  by 
vomiting  of  equal  severity.  Consciousness  is  seldom 
profoundly  disturbed,  hence  the  patient  is  able  to  ob- 
serve and  give  an  account  of  his  troubles.  These  may 
consist  of  the  alternating  hemiplegia  above  mentioned, 
or  may  be  further  complicated  by  a  more  or  less  extensive 
loss  of  sensation,  by  ataxia  of  the  upper  or  lower  extremi- 
ties, by  difficulty  in  speech  and  in  swallowing,  by  diplo- 
pia, or  l)y  a  complete  loss  of  control  of  the  facial  muscles 
which  externalize  the  emotions. 

As  stated  above,  it  is  impossible  to  construct  a  semei- 
ology  which  will  fit  every  case.  The  point  always  to  be 
emphasized  is  the  eccentric  grouping  of  symptoms  indi- 
cating nuclear  palsy  combined  with  more  or  less  exten- 
sive implications  of  the  motor  and  sensory  tracts. 

The  prognosis  in  this  class  of  cases  is  fairly  good  as 
regards  life.  The  damage  to  the  nuclear  elements  is, 
however,  practically  permanent,  the  resultant  paralysis 
being  for  the  most  part  of  the  atrophic  tyise. 

Treatment  is  of  little  avail  except  in  cases  in  which 
syphilis  is  the  etiologic  factor. 

The  medulla  may  be  involved  during  the  course  of 
many  diseases  of  the  central  nervous  system,  notably 
tabes,  progressive  muscular  atrophy,  multiple  sclerosis, 
gliosis,  and  amyotrophic  lateral  sclerosis.  It  may  also 
be  the  seat  of  tumor,  abscess,  or  tuberculous  disease.  As 
none  of  these  diseases  can  be  classed  as  peculiar  to  the 
medulla  no  further  consideration  will  be  given  them  in 
this  article. 

The  next  disease  of  essentially  medullary  origin  to  be 
considered  is  the  so-called 

Pkogkessivb  Bulbak  Paralysis. 
(Labio-glosso-laryngeal  [Pharyngeal]  Paralysis.) 

It  is  to  be  classed  among  the  rare  forms  of  nervous  dis- 
ease. Its  victims  are,  in  the  large  majority,  found  among 
the  aged.  A  so-called  infantile  type  will  be  spoken  of 
later.  As  to  its  etiology  nothing  definite  is  kiiown, 
hence  the  usual  train  of  causative  factors  comes  in  for 
mention,  namely,  exposure  to  cold,  traumatism,  mental 
wear  and  tear;  and  even  abuse  of  function  of  the  lips, 
tongue  and  palate,  although  it  appears  that  women  are 
less  commonly  afflicted  than  men. 

Symptomatology. — The  first  thing  that  attracts  the 
patient's  attention  is  an  unwonted  fatigue  after  talking 
for  any  length  of  time,  with  a  restricted  ability  to  enun- 
ciate certain  syllables.  The  initial  disability  lies,  as  a 
rule,  in  the  articulation  of  the  lingual  consonants,  I,  r,  n, 
and  t.  The  tongue  can  at  first  still  be  protruded,  but  not 
to  the  normal  extent,  and  there  may  be  a  difficulty  in 
securing  its  proper  apposition  to  the  roof  of  the  mouth 
for  sounding  the  linguo-palatine  consonants  t  and  d.  Up 
to  this  time  the  continuous  sibilant  s  may  be  pronounced. 
With  the  increasing  weakness  of  the  lips  whistling  be- 
comes impossible  and  there  is  an  inability  to  utter  the 
sounds  in  which  the  lips  are  chiefly  concerned,  such  as 
0,  u,  b,  p,  and  m.  So  imperfectly  are  the  hps  brought 
together  and  so  sluggish  is  their  separation  that  the 
labial  explosives  *  and  p  degenerate  into  m  and  u.  Fi- 
nally weakness  of  the  palate  fails  to  shut  off  the  nasal 
cavity,  and  a  part  of  the  expiratory  air  stream  escaping 
through  the  nose  gives  a  nasal  quality  to  the  voice,  b  and 
p  sounding  as  mb  and  mp. 

At  this  stage  of  the  disease  dysarthria  is  fully  estab- 
lished. Words  are  run  together  and  indistinctly  articu- 
lated, with  an  intonation  of  a  decidedly  nasal  quality. 
Single  words  may  still  by  special  effort  be  brought  out 
clearly,  but  sustained  speech  of  any  clearness  is  impos- 
sible, t,     J' 

Either  at  this  time  or  more  commonly  after  the  disease 
has  been  established  a  few  months  the  patient  experi- 
ences a  difficulty  in  swallowing.  Only  by  great  eflort 
can  food  be  carried  back  through  the  pharynx  to  the 
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oesophageal  opening.  Fluids  are  constantly  regurgitated 
through  the  nose,  and  at  times  are  inhaled  into  the  larynx 
causing  choking  and  paroxysms  of  coughing.  Ultimate- 
ly neither  fluid  nor  solid  food  can  be  successfully  swal- 
lowed.    Chewing  also  becomes  progressively  diflacult._ 

Finally  both  phonation  and  respiration  become  in- 
volved. "'The  voice  is  weak  and  monotonous  and  lacks 
modulation.  Hoarseness  may  develop  and  go  on  to  com- 
plete aphonia.  Toward  the  end  respiration  becomes 
labored,  and  not  uncommonly  severe  attacks  of  strangu- 
lation occur.  .     . 

Examination  of  the  larynx  shows  in  the  begmnmg 
nothing  abnormal ;  later,  paresis  of  the_  adductors  is  ob- 
vious. The  masticatory  muscles  betray  their  weakness 
by  imperfect  closure  of  the  jaw  and  restricted  lateral 
movements  of  the  same. 

Bulbar  paralysis  is  of  the  degenerative  type.  Atrophy 
is,  however,  not  an  early  symptom  and  almost  never 
keeps  pace  with  the  paralysis.  It  is  usually  first  observ- 
able in  the  tongue,  which  becomes  lax  and  feels  flabby 
and  spongy;  the  fibrillary  twitching  is  very  striking. 
Ultimately  the  organ  undergoes  a  marked  grooving  and 
furrowing,  and  its  total  volume  is  much  diminished. 
The  lip  muscles  are  rarely  affected  until  late  in  the 
course  of  the  disease.  They  then  become  thin  and  tone- 
less. The  muscles  of  the  jaw  are  only  rarely  markedly 
wasted,  although  a  fibrillary  twitching  is  not  infrequent- 
ly observed  in  them  at  an  early  stage. 

The  electrical  excitability  of  the  diseased  muscles  is 
never  greatly  altered.  Late  in  the  course -of  the  disease 
there  may  be  some  quantitative  change  to  faradism,  but 
examination  is  never  very  satisfactory. 

When  the  disease  is  far  advanced  the  expression  of  the 
face  is  very  characteristic  and  striking.  The  mouth  is 
open,  the  lower  lip  sunken;  and  drooling  is  constant. 
The  lixed  and  expressionless  lower  part  of  the  face  con- 
trasts strangely  with  the  still  mobile  muscles  of  the 
upper  face  and  eyes,  which  alone  afford  mimic  externa- 
lization  of  intellectual  activity.  The  patient  is  very  emo- 
tional and  cries  easily,  but  even  then  the  mouth  is  but 
little  discomposed,  whereas  the  respiratory  muscles  are 
thrown  into  a  sort  of  spasm  to  which  is  sometimes  added 
a  peculiar  respiratory  stridor.  The  shrunken,  furrowed 
tongue  lies  motionless  on  the  floor  of  the  mouth,  articu- 
lation is  almost  annihilated,  and  the  feebly  mumbled 
speech  incomprehensible.  The  respiratory  movement  is 
hurried  and  the  pulse  may  run  as  high  as  140  per  minute. 
Emaciation  is  very  marked. 

The  above  symptomatology  develops  on  the  basis  of  a 
paralysis  of  cranial  nerves  which  are  purely  motor,  and 
there  is  never  implication  of  nerves  which  are  sensory  or 
sensorial.  Curiously  enough,  however,  in  certain  cases 
there  is  to  be  observed  a  peculiar  heightening  of  tendon 
reflex  irritability  in  the  facial  and  masticatory  muscles. 

Diagnosis. — Bulbar  paralysis  has  so  many  features 
that  are  peculiar  that  its  difEerentiation  from  other  affec- 
tions of  the  medulla  should  present  no  special  difiiculties. 
The  gradual  character  of  its  onset  and  development,  its 
practical  restriction  to  persons  of  advanced  age,  the  sym- 
metrical implication  of  purely  motor  nerves  with  absence 
of  sensory  and  sensorial  disturbances,  and  the  association 
of  paralysis  with  atrophy  are  all  factors  which  serve  to 
crystallize  out  the  disease  from  other  affections  of  the 
same  region.  The  features  which  further  distinguish  it 
from  acute  bulbar  paralysis  and  from  the  pseudo-bulbar 
form  will  be  considered  later.  Tumors  of  the  medulla 
involve  all  structures  in  their  neighborhood ;  hence,  sen- 
sory nerves  suffer  as  well  as  motor ;  furthermore  tumors 
produce  the  usual  train  of  symptoms  characteristic  of  a 
general  increase  of  intracranial  pressure. 

Pathological  Anatomy.  —  The  essential  morbid 
change  in  bulbar  paralysis  is  a  progressive  decay  of  the 
motor  nuclei  of  the  facial,  hypoglossal,  and  glosso-pharyn- 
geo-vago-accessory,  and  occasionally  of  the  trigeminal. 
The  ganglion  cells  of  these  nuclei  lose  their  processes, 
shrivel,  and  gradually  disappear.  The  intranuclear  re- 
ticulations and  the  intra-  and  extrabulbar  roots  undergo 
the  same  destruction,  the  change  in  the  latter  being  suffi- 


ciently marked  in  certain  cases  to  be  obvious  macroscopi- 
cally.    In  some  cases  the  pyramidal  tracts  are  involved, 

Pkognosis. — The  disease  is,  for  the  most  part,  steadily 
progressive  and  invariably  ends  fatally.  Its  duration 
varies  from  one  to  three  years.  Remissions  rarely  occur, 
although  in  any  case  there  may  be  protracted  periods 
during  which  there  appears  to  be  no  advance  in  the 
symptoms.  In  quickly  progressing  cases  the  disease 
may  run  its  course  in  less  than  a  year.  Death  usually 
ensues  by  reason  of  asphyxia,  bronchitis,  inhalation 
pneumonia,  inanition,  or  some  intercurrent  disease. 

Treatment. — Many  drugs  have  been  tried,  but  none 
is  of  any  special  value.  Strychnine  in  gradually  Increas- 
ing doses,  arsenic,  nitrate  of  silver,  and  the  iodides  are 
among  those  most  strongly  recommended.  Forced  feed- 
ing should  be  instituted  early  in  the  attempt  to  keep  up 
the  nutrition,  and  later,  when  dysphagia  is  established, 
the  food  should  be  introduced  artificially  into  the  stom- 
ach in  order  to  avoid  the  very  imminent  danger  of  in- 
halation pneumonia. 

A  galvanic  current  of  two  or  three  milliamp6res  passed 
from  one  mastoid  to  the  other  is  recommended  by  Oppen- 
heim. 

Vocal  gymnastics  may  be  tried  in  the  effort  to  improve 
the  speech. 

I'he  Hereditary  {Familial)  Type  of  Progresaiiie  Bulbar 
Paralysis. — A  few  cases  of  a  peculiar  hereditary  form  of 
progressive  bulbar  paralysis  have  been  observed  among 
members  of  the  same  family,  usually  among  the  offspring 
of  consanguineous  marriages.  The  victims  are  prac- 
tically always  true  degenerates.  The  peculiarity  of  the 
disease  in  these  cases  is  that  it  usually  affects  the  upper 
facial  territory  first  and  its  effects  are  most  marked  in 
this  region,  ophthalmoplegia,  especially  ptosis,  being  as- 
sociated with  the  bulbar  phenomena.  These  latter  do 
not  differ  from  those  observed  in  the  ordinary  form. 

The  paralysis  is  in  most  cases  of  the  atrophic  type  and 
is  associated  with  partial  reaction  of  degeneration. 

In  1895  Oppenheim  described  an  infantile  form  of 
pseudo-bulbar  paralysis.  It  was  observed  by  him  in 
connection  with  cerebral  infantile  diplegia,  and  consisted 
of  a  bilateral  paralysis  or  paresis  of  the  muscles  of  the 
tongue,  palate,  pharynx,  and  larynx,  which  gave  rise  to 
the  characteristic  dysarthria,  dysphagia,  etc.  The  pa- 
ralysis was  associated  with  spastic  athetotic  movements 
of  the  affected  muscles.  .  Atrophy  and  fibrillary  twitch- 
ing were  absent.' 

Oppenheim  considers  the  pathologic  basis-of  the  dis- 
order to  be  a  bilateral  disease  or  a  developmental  defect  in 
the  central  convolutions. 

The  Acute  (Apoplectiform)  Type  op  Bulbar  Pa- 
ralysis.— Symptomatology. — Certain  cases  have  definite 
prodromes,  such  as  pressure  in  the  head,  ringing  in  the 
ears,  vertigo,  sleeplessness,  and  spots  before  the  eyes. 
The  main  symptoms  develop  suddenly.  Intense  vertigo 
or  even  a  genuine  apoplectic  shock  with  complete  loss  of 
consciousness  may  usher  in  the  attack.  Vomiting  may 
accompany  the  vertigo.  In  a  few  cases  general  convul- 
sions of  an  epileptiform  character  have  been  observed. 

Almost  immediately  after  onset  a  labio-glosso-laryngeal 
paralysis  is  found  in  full  development.  This  is  mani- 
fested by  characteristic  dysarthria,  dysphagia,  etc.  Al- 
though the  paralysis  is  bilateral  it  rarely  affects  the  two 
sides  equally.  In  the  majority  of  the  cases  the  extremi- 
ties are  also  involved  in  the  same  varying  degrees. 
There  may  be  paralysis  of  both  arms  with  simple  weak- 
ness of  the  legs,  or  there  may  be  simple  hemiplegia,  the 
latter  usually  on  the  side  opposite  to  that  on  which  the 
bulbar  nerves  are  most  involved.  The  onset  of  all  these 
symptoms  maybe  less  sudden,  a  few  days  or  even  a  week 
being  required  for  their  full  development. 

Dyspnoea  and  even  Cheyne-Stokes  respiration,  with 
marked  increase  of  the  pulse  rate,  may  be  present  early 
and  may  last  for  a  very  long  time. 

Various  sensory  disturbances  are  not  unusual,  and  the 
patient  may  complain  of  painful  parsesthesise  in  some 
parts  of  the  body  or  extremities. 

The  expression  of  the  face  is  characteristic ;  more  so  in 
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fact  than  in  the  early  stage  of  the  chronic  type  of  bulbar 
paralysis,  because  the  disease  renders  the  facial  muscles 
fixed  and  expressionless  in  a  yery  short  time. 

The  paralysis  of  lips,  tongue,  and  soft  palate  is  natu- 
rally not  often  associated  with  atrophy— first,  because 
this  phenomenon  requires  time ;  and,  second,  because  it  is 
the  supranuclear  part  of  the  nerves  which  is  usually 
affected.  The  nucleus  itself  may  be  directly  affected, 
though  rarely,  and  in  such  cases  the  characteristic  atro- 
phy with  electrical  changes  may  be  found  in  the  affected 
muscles. 

The  symptomatology  is  much  more  variable  than  in 
the  chronic  bulbar  form,  and  naturally  varies  with  the 
extent  and  seat  of  the  lesion.  The  same  eccentric  group- 
ing of  bulbar  nerve  paralysis,  with  paralysis  or  paresis 
and  sensory  disturbance  in  the  trunk  and  extremities 
spoken  of  under  vascular  lesions  of  the  bulb  in  general,  is 
to  be  expected. 

Patlwlogical  Anatomy. — By  far  the  commonest  cause 
of  the  acute  form  of  bulbar  paralysis  is  thrombosis  with 
softening.  Both  hemorrhage  and  embolism  do  occur, 
but  with  nothing  like  the  same  frequency.  Poliencepha- 
litis  inferior  acuta  may  determine  the  symptoms  above 
described,  and  like  symptoms  are  also  ascribed  to  the 
pressure  of  a  dilated  atheromatous  basilar  artery. 

Certain  authors  have  observed  the  occurrence  of  an 
acute  fiulbar  paralysis  associated  with  weakness  of  the 
extremities  during  the  course  of  typhoid ;  sometimes  with 
a  fatal  outcome.  In  the  latter  cases  streptococci  and 
other  organisms  were  found  in  various  parts  of  the  cen- 
tral nervous  system  without  any  very  marked  histological 
changes. 

Pi-ognosis. — Death  may  result,  in  very  acute  cases, 
within  a  short  time  from  inhalation  pneumonia  or  cardio- 
respiratory paralysis.  In  less  severe  cases  the  symptoms 
are  slowly  regressive  and  may  gradually  disappear, 
although  restoration  of  function  is  seldom  absolute  in  all 
the  affected  parts. 

Treatment. — In  cases  suspected  to  be  of  syphilitic 
origin  the  prompt  and  free  use  of  specific  medication  is 
demanded.  Otherwise  treatment  should  in  the  main  fol- 
low the  lines  indicated  in  the  therapy  of  cerebral  vascu- 
lar lesions  in  general.  In  the  cases  which  arise  in  the 
course. of  an  encephalitis  of  the  ponto-meduUary  region 
antiphlogistic  and  derivative  measures  are  appropriate. 
Very  large  doses  of  calomel  may  serve  a  useful  purpose 
even  in  cases  not  syphilitic. 

It  is  very  important  to  make  every  effort  to  keep  up 
the  nutrition  from  the  beginning.  As  paralysis  of  the 
muscles  of  deglutition  may  be  absolute  even  from  the 
outset,  artificial  feeding  often  becomes  indispensable.  In 
the  later  stages  of  surviving  cases  electricity  may  prove 
useful. 

Labio-glosso-laeyngbal  Paralysis  of  Psetjdo-bul- 

BAK  AND   CERBBHO-BULBAB   ORIGIN. 

In  very  rare  cases  after  a  patient  has  experienced  a 
number  of  minor  apoplectiform  attacks  a  condition  re- 
sembling the  labio-glosso-laryngeal  paralysis  of  bulbar 
origin,  without  any  implication  of  the  bulb  itself,  may 
result. 

The  pathologic  substratum  of  such  cases  is  a  diffuse 
atheromatosis  of  the  cerebral  vessels,  which  causes  a 
gradual  destruction  of  the  cortical  representations  of  the 
facial,  hypoglossal,  and  motor  trigeminal  nerves. 

To  produce  a  fairly  complete  analogue  of  the  genuine 
bulbar  type  both  cortices  must  undergo  considerable 
destruction  in  the  regions  above  indicated,  with  second- 
ary changes  in  the  cortico-bulbar  projections.  As  these 
changes  are  all  distinctly  supranuclear,  atrophy  and  elec- 
trical changes  in  the  affected  muscles  are  wanting. 

Clinically,  while  the  above  picture  is  in  the  develop- 
mental stage,  the  patient  is  observed  to  have  a  series  of 
mild  shocks  which  differ  in  nowise  from  the  ordinary.  It 
is  only  when  the  cumulative  e'ffects  of  these  various 
shocks  are  manifest  in  a  bilateral  paralysis  or  paresis  of 
the  muscles  of  the  face,  tongue,  and  jaws  with  accom- 


panying disturbance  of  speech,  swallowing,  etc.,  that 
the  resemblance  to  the  bulbar  paralysis  begins.  Even 
then  the  likeness  is  not  complete,  since  severe  disturb- 
ance of  the  respiration  and  of  phonation  is  ordinarily 
absent. 

The  mental  state  of  such  patients  differs  markedly 
from  that  observed  in  the  genuine  form  of  bulbar  paral- 
ysis in  that  some  type  of  psychosis,  or  even  dementia,  is 
usually  present.  So-called  bulbar  crying  and  laughing 
is,  on  the  other  hand,  commonly  present,  and  may  be 
very  marked. 

The  paralysis  is  not  necessarily  limited  to  the  face  and 
tongue  areas,  so  that  hemiplegia  or  diplegia  may  be  pres- 
ent. 

A  further  type — the  cerebro-bulbar — described  by  Op- 
penheim,  differs  from  the  above  only  in  the  fact  that  with 
the  cerebral  arterial  break-down  is  associated  a  similar 
condition  in  the  bulb.  The  lesions  are  never  large  and 
the  bulbar  symptoms  are  of  gradual  onset. 

Symptomatically,  bulbar  phenomena  are  found  asso- 
ciated with  marked  mental  deterioration.  Both  bodily 
and  mentally  the  patient  is  in  a  most  deplorable  state. 
With  the  usual  disturbance  of  speech,  mastication,  and 
deglutition  is  associated  spastic  paralysis  of  the  extremi- 
ties on  one  or  both  sides.  Attacks  of  dyspnoea  and 
Cheyne-Stokes  respiration  either  come  on  spontaneously 
or  result  from  excitement,  from  paroxysms  of  spasmodic 
hiccough,  or  from  attempts  at  motion.  The  optic  nerves 
may  undergo  neuritis  with  consequent  atrophy.  The 
bladder  and  rectum  may  or  may  not  be  involved. 

The  prognosis  in  both  the  pseudo-bulbar  and  the  cere- 
bro-bulbar forms  is  very  grave,  although  life  may  be 
prolonged  for  a  considerable  period  of  time. 

The  treatment  recommended  is  that  already  described 
elsewhere. 

Asthenic  Bulbar  Paralysis. 
(Myasthenia  Gravis  Pseudoparalytica.) 

To  Erb  (1879)  is  due  the  credit  of  calling  attention  to 
a  symptom  complex  which  so  closely  simulated  that 
about  to  be  described  under  asthenic  bulbar  paralysis- 
that  it  must  be  considered  its  nosological  analogue.  It 
was  not,  however,  until  the  appearance  of  Oppenheim's- 
case  in  1887  that  this  singular  disease  began  to  attract  the 
attention  which  has  been  increasingly  accorded  to  it  up- 
to  the  present  moment. 

Btiologically,  little  or  nothing  definite  is  known  about 
it  beyond  the  fact  that  it  appears  to  result  from  the  ac-' 
tion  of  some  toxic  agent  upon  a  congenitally  predisposed 
nervous  organism.  Its  association  with  tumors  of  the 
media^num  and  of  the  thymus  gland  has  been  note- 
worthy in  specific  instances.  The  predominance  of  the 
disease  in  early  life  is  striking,  but  persons  of  advanced 
years  are  by  no  means  exempt. 

Pathology. — Up  to  the  present  time  the  most  search- 
ing anatomic  investigations  have  failed  to  reveal  any 
organic  changes  in  the  medulla,  bulbar  nerves,  or  mus- 
cles. Congenital  nervous  defects  and  peculiarities  have 
been  observed  in  connection  with  certain  cases,  and  a  cer- 
tain amount  of  stress  has  been  laid  upon  the  same  as- 
regards  their  morbid  value,  but  it  remains  extremely 
doubtful  if  such  stress  has  been  rightly  placed.  The 
disease,  in  last  analysis,  appears  to  be  a  true  neurosis. 

Symptomatology.— This  comprises  the  usual  dys- 
arthria, dysphagia,  and  masticatory  weakness  with  their 
associated  palsy  of  the  lips,  tongue,  palate  and  jaw  ob- 
served in  the  ordinary  types  of  bulbar  paralysis.  Added 
to  this  is  a  paralysis  of  the  upper  part  of  the  face  with 
imperfect  closure  of  the  eyehds.  The  paralysis  also  ex- 
tends to  the  trunk  and  extremities,  and  attacks  of  dysp- 
noea are  frequent.  In  a  certain  number  of  cases  the  in- 
volvement of  the  eye  muscles,  notably  ptosis,  is  the 
earliest  and  most  striking  symptom.  Atrophy  and  reac- 
tion of  degeneration  in  the  affected  nerves  and  muscles- 
are  absent  throughout  the  entire  course  of  the  disease 
regardless  of  its  duration. 

Jolly  in  investigating  the  behavior  of  the  affected 
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nerves  and  muscles  to  electrical  stimulation  observed  a 
peculiarity  which  he  designated  "myasthenic  reaction." 
He  found  that  where  a  tetanizing  faradic  current  was 
applied  (either  to  nerves  or  muscles)  at  intervals  of  a  few 
seconds,  the  muscular  contraction  grew  progressively 
weaker  and  gradually  vanished  completely,  but  that  the 
muscle  regained  its  irritability  after  a  short  rest.  He 
further  found  that  If  the  current  were  passed  through  a 
muscle  without  interruption  for  the  space  of  a  minute  or 
•even  less,  the  muscular  contraction  gradually  died  away, 
but  was  again  obtainable  by  the  same  sort  of  stimulation 
after  a  minute's  rest. 

Analogous  phenomena  have  been  observed  in  volun- 
tary attempts  to  use  the  muscles  of  the  jaw  or  extremi- 
ties. A  patient  may  take  one  bite  of  an  article  of  food 
and  then  be  totally  unable  to  bring  the  jaws  together 
with  any  force,  but  after  resting  a  while  may  regain 
enough  strength  to  chew  for  a  few  moments. 

The  course  of  the  disease  is  very  peculiar.  The  com- 
plete development  of  symptoms  may  require  many 
months,  although  in  certain  cases  the  time  required  has 
been  much  briefer.  Remissions  are  common,  and  the  full 
development  of  symptoms  may  be  followed  by  a  regres- 
sion, but  so  treacherous  is  the  malady  that  when  recovery 
seems  fully  established,  there  may  be  a  fresh  outbreak  of 
the  most  rapid  character  and  the  symptom  complex  again 
be  complete  in  a  startlingly  short  time.  Intercurrent 
attacks  of  dyspnoea  and  tachycardia  and  febrile  move- 
ments are  common. 

The  disease  has  on  the  whole  so  many  peculiarities 
that  differentiation  is  not  difficult.  The  combination  of 
bulbar  symptoms  with  weakness  of  the  muscles  of  the 
trunk  and  extremities,  the  frequent  involvement  of  the 
external  ocular  muscles  (manifested  mainly  by  ptosis), 
the  retention  by  the  affected  muscles  of  their  normal 
volume,  the  absence  of  reaction  of  degeneration  in  the 
presence  of  the  peculiar  "myasthenic  reaction"  men- 
tioned above,  the  characteristic  tiring  of  affected  muscles 
on  voluntary  motion,  the  lack  of  definite  sensory  and 
sensorial  disturbance,  the  absence  of  mental  weakness 
and  disease,  and  the  complete  lack  of  any  tangible  path- 
ologic substratum  In  the  brain,  nerves,  or  muscles  unite 
to  form  a  clinical  and  anatomical  picture  that  Is  sui 
geAieris. 

The  Prognosis  Is  always  serious.  Nevertheless  the 
most  alarming  cases  may  end  In  complete  recovery.  Re- 
covery Is,  however,  never  assured  until  there  has  been 
a  freedom  from  symptoms  for  a  period  of  many  months. 
to  the  present  time  the  majority  of  cases  have  terminated 
fatally. 

Treatment. — The  proper  care  of  this  type  of  bulbar 
paralysis  requires  unusual  skill.  A  complete  rest  treat- 
ment, such  as  Is  followed  in  the  severest  form  of  neuras- 
thenia, should  be  carried  out  in  bad  cases  to  the  minutest 
detail.  The  patient  should  be  allowed  to  do  almost  noth- 
ing for  himself,  even  to  swallowing  food,  which,  by  the 
way,  should  be  selected  so  as  to  combine  the  maximum 
of  nourishment  with  the  least  tax  upon  the  digestive  or- 
gans. Even  the  use  of  the  stomach  tube  for  artificial 
feeding  is  not  devoid  of  danger,  as  its  Introduction  may 
induce  fatal  suffocation.  If  mastication  can  be  permitted 
with  safety  in  a  given  case,  care  should  be  taken  to  allow 
the  patient  to  rest  between  mouthfuls. 

The  drug  treatment  consists  in  the  administration  of 
tonics.  In  certain  cases  the  preliminary  production  of 
diaphoresis  has  been  beneficial.  Against  the  use  of  elec- 
trical stimulation  It  cannot  be  too  strongly  cautioned. 

Joseph  W.  Gmrtney. 

PRESCRIPTION-WRITING.— A  medical  prescription 
is  a  written  order  to  the  pharmacist  to  take  certain  quan- 
tities of  certain  medicines,  deal  with  them  In  certain 
pharmaceutical  ways,  "  put  up  "  the  product  In  certain 
form  for  dispensing,  and  label  the  package  with  certain 
directions  for  use.  Correctness  in  prescribing,  therefore, 
relates  to  the  three  several  matters  of  the  selection  of  the 
ingredients  or  composition  of  the  prescription,  the  fixing 
of  quantities  or  computation  of  the  prescription,  and  the 


actual  writing  of  the  order  in  technical  style,  or  expression 
of  the  prescription.  These  several  topics  will  be  con- 
sidered seriatim,  in  the  order  named. 

I.  The  Composing  of  a  Prescription. — Assuming 
that  a  prescription  Is  intended,  as  always  should  be  the 
case,  to  fulfil  a  single  therapeutic  purpose  only,  then  the 
first  point  that  presents  is  whether,  under  the  circum- 
stances of  the  case,  a  single  medicine  of  the  appropriate 
kind  should  be  prescribed,  or  a  team  of  such  medicines. 
As  regards  this  point,  no  general  rule  can  be  laid  down 
— the  matter  will  depend  partly  upon  the  nature  of  the 
therapeutic  indication,  and  partly  upon  the  respective 
peculiarities  of  the  Individual  drug  and  the  individual 
case.  Thus  to  provoke  emesis,  a  single  drug  is  commonly 
prescribed ;  to  excite  diuresis,  a  team ;  while  for  purging 
the  medicine  will  be  single.  If  it  be  castor  or  croton  oil, 
but  multiple.  If  the  selection  be  from  among  the  resinous 
cathartics.  The  advantage  of  a  team  of  similar  medi- 
cines in  prescription  may  be,  on  the  one  hand,  a  more 
effective,  or,  on  the  other,  a  more  kindly  accomplishment 
of  the  specific  purpose  in  view,  or  it  may  be  both  possi- 
bilities combined.  Thus,  by  a  wise  association  in  pre- 
scription of  allied  drugs,  a  maximum  of  therapeutic  effect 
is  attainable  with  a  minimum  of  by-derangement.  Hav- 
ing fixed  upon  the  active  member,  or  team  of  members, 
of  the  prescription,  the  next  point  is  whether  the  medici- 
nal working  of  the  same  may  not  be  made  even  more 
effective  or  more  kindly  than  would  otherwise  be  the 
case,  by  the  further  addition  to  the  prescription  of  some 
special  substance .  Such  increase  in  both  lines — effective- 
ness and  kindliness — may  result  by  a  chemical  action 
upon  the  drug,  on  the  one  hand,  or  by  a  medicinal  im- 
pression upon  the  system  of  the  subject,  on  the  other. 
Thus,  as  an  instance  of  the  working  of  a  chemical  action, 
stands  the  fact  that  the  efficacy  and  kindliness  of  opera- 
tion of  a  dose  of  salicylic  acid  are  both  enhanced  by  the 
addition  to  the  acid  of  a  solution  of  a  sodic  carbonate, 
whereby  the  salicylic  acid,  which  under  its  own  form  is 
both  Insoluble  and  irritant,  becomes  the  more  soluble, 
and  at  the  same  time  far  less  harsh,  body,  sodium  salicy- 
late. As  instances  of  an  associated  medicinal  Impression 
by  an  unrelated  drug  affecting  the  operation  of  the  active 
member  of  a  prescription  may  be  cited  the  rather  mys- 
terious enhancement  of  the  diuretic  action  of  digitalis  by 
the  associate  action  of  calomel,  and  the  neutralizing  of  the 
griping  of  the  rougher  cathartics  by  the  associated  anti- 
spasmodic action  of  the  pungent  volatile  oils,  or  of  neu- 
rotics, such  as  belladonna  or  hyoscyamus.  In  the  cate- 
gory of  additions  to  a  prescription  for  the  purpose  of 
enhancing  kindliness  of  operation,  belong  ^a»(»TO^  sub- 
stances. For  an  agreeable,  or,  at  least,  a  not  offensive 
potion,  is  not  merely  pleasanter  than  an  ill-tasting  one  to 
swallow,  but  Is  also,  by  the  very  reason  of  non-offenslve- 
ness,  far  less  likely  than  a  nauseous  dose  to  destroy  ap- 
petite or  derange  digestion.  The  art  of  prescribing  pleas- 
ant mixtures  Is  therefore  one  of  genuine  advantage  to  the 
patient,  as  well  as  to  the  prescrlber!  Agreeablllty  of 
taste  Is,  of  course,  far  more  important  In  the  case  of  fluid 
than  of  solid  mixtures,  and  is  attained,  in  the  case  of 
fluids,  in  part  by  wisdom  in  the  selection  of  the  active 
member  of  the  prescription,  and  in  part  by  the  addition 
to  the  prescription  of  sugar,  or  of  syrup,  or  of  preparations 
of  the  more  pleasantly  flavored  aromatics.  Lastly,  in 
composing  a  prescription,  comes  the  thought  of  a  possi- 
bly necessary  substance  to  give  volume,  or,  In  the  case  of 
a  powder  or  pill,  to  give/om,  or,  in  the  case  of  a  fluid 
mixture,  to  serve  as  a  diluent,  or  as  a  solvent.  The 
character  and  relative  proportion  of  such  a  member  of 
a  prescription  will  vary  so  greatly  in  different  cases,  that 
no  general  rule  affecting  the  selection  of  vehicles  can  be 
formulated.  Members  of  a  prescription  for  the  several 
purposes  named  are  commonly  referred  to  as,  respec- 
tively, the  basis,  the  cbdjuvant,  the  corrigent,  and  the  ex- 
cipient,  or  vehicle,  of  the  prescription.  In  the  association 
of  different  substances  in  a  prescription,  no  matter  what 
the  purpose  of  the  several  ingredients,  regard  must  al- 
ways be  had  for  the  mutual  cliemical  relations  of  the 
things  so  brought  into  mutual  contact,  lest  undesirable 
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reactions  take  place  in  the  compounding  (see  Incompati- 


II.  The  Computing  of  Amounts  in  Presceiptions. 
— Tlie  first  point  in  the  matter  of  amounts  in  prescrip- 
tions is,  in  general,  not  to  m-der  more  of  the  medicine  than 
present  prognosis  seems  to  call  for.  Not  unnaturally,  the 
laity  instinctively  argue  that  the  remedy  should  fit  the 
case  in  measure  as  well  as  in  mode,  and  hence,  that  an 
excess  of  medicine  in  the  prescription  is  prima-facie  evi- 
dence of  a  deficiency  of  skill  on  the  part  of  the  prescriber. 
They,  furthermore,  naturally  object  to  the  paying  for  the 
superfluous.  Apart  from  these  considerations,  there  are 
also  many  and  obvious  objections  to  a  course  that  leaves 
half -used  parcels  df  medicine  to  accumulate  in  a  house, 
at  the  risk  of  inappropriate  application  on  subsequent 
occasions,  at  ignorant  hands.  Hence,  in  cases  in  vj^hich 
an  exact  forecast  of  the  amount  of  a  medicine  likely  to  be 
required  is  impossible,  it  is  wiser  to  order  no  more  than 
will  surely  be  within  bounds,  letting  the  prescription  be 
renewed  if  the  amount  prove  too  little.  Assuming  due 
regard  to  be  paid  to  this  principle,  then  the  determina- 
tion of  amounts  in  a  given  prescription  proceeds,  by  the- 
ory, thus:  the  amount  of  basis  will  be  the  product  of  the 
two  factors,  quantity  of  dose  and  number  of  doses  required, 
and  the  several  amounts  of  the  other  ingredients  will  be 
deduced  from  the  amount  of  the  basis,  in  accordance  with 
the  respective  requirements  of  relative  proportion.  In 
putting  this  theory  into  practice,  however,  the  impor- 
tant consideration  has  to  be  regarded,  that  quantities  must 
be  such  as  can  conveniently  be  expressed  in  terms  of  the 
system  of  weight  or  of  measure  employed  in  the  prescrib- 
ing. This  consideration  determines,  in  general,  the  use 
of  round  numbers,  and,  in  particular,  of  such  round  num- 
bers as  best  conform  to  tlie  relation  between  denomina- 
tions in  the  particular  system  of  weight  or  of  measure 
followed  in  the  prescription.  For  example,  in  general, 
no  prescriber  would  fix  a  dose  to  be  expressed  by  such  a 
number  as  one  and  one-tenth,  whether  referring  to  grains 
or  grams,  nor  would  he  ever  estimate  upon  an  aggregate 
of  such  an  awkward  number  of  doses  as  seven,  or  eleven, 
or  nineteen,  or  twenty-three.  And,  for  example  again,  in 
particular,  the  prescriber  by  the  apothecaries'  system  of 
weight  or  of  measure,  recognizing  the  generally  duodeci- 
mal ratio  of  the  denominations  of  these  scales,  instinc- 
tively proportions  the  numbers  of  his  prescription  on  a 
duodecimal  basis.  His  ratios,  that  is,  are  as  one  to  some 
one  of  the  numbers  3,  4,  6,  8, 13, 18,  34,  60,  130, 180,  240, 
480.  On  the  other  hand,  if  the  metric  system  be  the  sys- 
tem followed,  the  decimal  basis  of  this  system  almost  of 
necessity  entails  the  use  of  decimal  ratios  in  proportion- 
ing amounts  in  prescription.  Quantities  are  in  this  case 
fixed  upon  that  are  to  each  other  as  one  to  some  number 
of  this  series  of  numbers:  3,  5, 10,  20,  35,  50,  75,  100,  200, 
250,  500,  1,000.  This  fundamental  difference  in  the  fig- 
ures to  be  used  in  working  by  the  metric  system  as  com- 
pared with  the  apothecaries'  is  a  point  very  commonly 
overlooked  by  novices,  in  this  country,  in  the  art  of  pre- 
scribing by  metric  denominations.  Because  already  fixed 
in  the  duodecimal  habit  through  previous  practice  with 
the  apothecaries'  system,  such  novices  are  apt  to  com- 
pute in  duodecimal  ratios  quantities  which  they  then  set 
down  in  terms  of  decimnlly  i-AaAed.  denominations — a  pro- 
ceeding wherein  theoretical  stupidity  begets,  as  it  should, 
practical  disaster.  For,  by  this  proceeding,  as  it  is  hardly 
necessary  to  point  out,  there  is  wholly  missed  the  one 
point  of  advantage  which  the  metric  system  has  to  offer, 
namely,  ease  of  computation  by  decimal  ratios.  A  medi- 
cine, then,  whose  dose  in  prescription  by  apothecaries' 
weight  is  taken  at  one  grain,  is— or  should  be— in  pre- 
scribing by  metric  weight,  taken  axfive  centigrams,  and 
not  at  the  six  centigram  amount  by  which  the  American 
metric  prescriber,  translating  from  terms  of  apothe- 
caries' weight,  so  commonly  figures.  As  well  might  an 
original  metrician— to  coin  a  convenient  word— who  es- 
says a  prescription  by  the  apothecaries'  system,  first  fix 
his  dose,  by  his  old  metric  habit,  at  five  centigrams,  and 
then,  blindly  insisting  on  exactly  that  quantum,  despite 
its  unsuitablenoss  to  the  foreign  system  of  weights,  pre- 


scribe in  grains  on  the  absurd  basis  of  a  seven-eighths- 
grain  dose ! 

Such  are  the  essential  points  of  the  theory  of  comput- 
ing prescription  amounts,  and  having  due  regard  to  these 
points,  the  prescription  of  solid  mixtures  for  make-up 
into  pills,  powders,  troches,  suppositories,  etc.,  is  easy 
enough;  but  in  the  prescription  of  fluid  mixtures  many 
additional  considerations  enter  into  relation,  as  follows : 
In  the  first  place,  although  it  is  not  essential,  yet  it  is 
elegant,  and  hence  customary,  to  have  a  prescribed  mixt- 
ure aggregate  just  a  bottleful  of  some  one  of  the  sizes  of 
the  medicine  phials  of  the  shops.  Regard  must  therefore 
be  had  to  the  several  sizes  of  such  bottles.  In  the  United 
States  medicine  phials  are  made  of  capacities  conforming 
to  apothecaries'  measure,  which  capacities  are  severally 
as  f oIloAvs :  one,  two,  and  four  fluidrachms,  and  one,  ttoo, 
four,  six,  eight,  and  twelve  fluidounces.  This  fact  of  the 
conformity  of  medicine  bottles  to  apothecaries'  measure, 
makes,  in  this  country,  the  prescribing  of  fluid  mixtures 
readier  by  the  apothecaries'  than  by  the  metric  system. 
Phials  for  metric  prescription  should  be  of  the  natural 
metric  capacities,  severally,  of  twenty-five,  fifty,  one  hun- 
dred, two  hundred,  etc. ,  cubic  centimetres. 

The  second  special  point  affecting  amounts  in  the  case 
of  fluid  mixtures  relates  to  the  case  of  solids  in  solution, 
the  point  being  the  physical  fact  that,  in  dissolving  a 
solid  of  a  given  measure  in  its  condition  of  dry  powder 
does  not  augment  the  iiolume  of  the  solvent  by  the  full 
amount  of  such  measure,  but,  on  the  contrary,  increases 
such  volume  so  little  that,  in  the  ordinarily  comparatively 
weak  solutions  used  as  medicines,  the  increment  can 
safely  be  disregarded  in  the  estimation  of  amounts  for 
prescription. 

The  third  point  relates  to  the  system  by  which,  in  a. 
given  case  of  a  fluid  mixture  for  internal  giving,  the 
individual  doses  are  to  be  measured.  This  consideration 
does  not  obtain  in  the  case  of  solids,  since,  in  such  case, 
doses  are  defined  by  a  stated  number  of  pills,  powders, 
or  troches — are,  that  is,  already  apportioned  by  the 
apothecary.  But  in  the  case  of  a  fluid  mixture,  the 
medicine  is  necessai'ily  dispensed  in  bulk  (except  when 
put  up  in  capsules),  and  doses  must  be  measured  out  by 
the  administrator  at  the  bedside.  The  point  then  pre- 
sents itself  of  practical  bearing,  whether,  in  a  given  case, 
the  dose  is  to  be  measured  by  a  method  of  precision — bj"" 
use  of  a  graduated  pipette,  if  the  dose  be  quite  small,  or 
of  a  graduated  vessel  if  of  ordinary  or  large  dimension — 
or  whether  the  determination  is  to  be  by  the  conventional 
drop  on  the  one  hand  or  spoonful  on  the  other.  If  a  grad- 
uate is  to  be  used,  then  the  point  now  in  question  does 
not  present  itself;  but  if  the  drop  or  the  spoonful  ii  to 
measure  the  dose,  then  the  consideration  arises,  in  the 
apportioning  of  amounts  in  prescription,  of  the  respec- 
tive actual  dimensions  of  these  variable  measures,  under 
the  conditions  obtaining  in  the  individual  case.  As  re- 
gards the  drop,  it  must  be  remembered  that  this  measure 
varies  in  dimension,  not  only  according  to  the  viscosity 
and  specific  gravity  of  the  fluid  dropped,  but  also  ac- 
cording to  the  shape,  extent,  and  character  of  the  surface 
from  which  the  drop  delivers  itself,  and  even,  further- 
more, in  the  case  of  drops  delivered  from  a  phial,  accord- 
ing to  the  degree  of  fulness  of  the  bottle  on  the  occasion 
of  the  dropping.  A  bottle  with  a  flanged  mouth,  such 
as  the  ordinary  medicine  phial,  yields,  with  the  same 
fluid,  a  comparatively  large  drop  when  full  or  nearly  so 
at  the  dropping,  and  a  comparatively  small  one  when  at 
least  half  empty,  the  difference  in  "the  respective  drop 
dimensions  in  the  two  instances  being  even  as  consider- 
able as  that  between  the  numbers  five  and  three.  The 
reason  for  this  difference  in  size  of  drops  is  that,  from  a 
full  bottle,  the  contents  begin  to  run  out  when  the  bottle 
is  but  slightly  tipped,  and  accordingly,  because  of  the 
position  of  the  free  edge  of  the  lip,  the  nascent  drop 
creeps  into  the  re-entrant  angle  formed  by  the  under 
surface  of  the  lip  and  the  side  of  the  neck,  and  there  has 
a  chance  to  grow  to  a  comparatively  goodly  size  before 
gravity  determines  the  fall.  On  the  other  hand,  a  phial 
half  empty  must  be  tipped  to  the  horizontal  before  the 
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contents  can  run  out,  In  which  position  the  narrow  rim 
of  the  lip  points  directly  downward,  and  so  presents  but 
a  small  surface  area  for  the  fluid  to  cling  to.  Under  these 
circumstances  the  fall  will  necessarily  be  in  compara- 
tively small  drops.  As  regards  the  spoonful,  it  must  be 
remembered  that  this  measure,  like  the  drop,  is  subject 
to  variation,  so  that,  in  the  case  of  prescriptions  contain- 
ing powerful  medicines,  amounts  should  be  calculated  on 
the  basis  of  the  maximum,  capacity  of  tlie  measure.  What- 
ever, then,  may  be  the  variation  from  the  calculated  dose 
in  actual  mensuration,  will  be  on  the  safe  side  of  a  short- 
nge  instead  of  a  possible  excess  of  amount.  Now  a  given 
spoon  will  naturally  hold  more  oi  a  mscid  than  of  a  thin 
fluid,  and,  in  practical  mensuration,  will  more  readily 
hold  its  full  complement  when  the  fluid  is  poured  into  it, 
as  from  a  bottle,  than  when  the  spoon  is  made  to  dip  up 
the  fluid  from  an  open  vessel.  Hence,  in  the  case  of  a 
syrupy  mixture,  with  the  dose  to  be  taken  directly  from 
the  phial,  the  conditions  obtain  where  the  spoonful  will 
be  at  its  maximum ;  while,  on  the  other  hand,  in  the  in- 
stance of  a  thin  watery  dilution  standing  in  a  tumbler, 
with  the  dose  to  be  dipped  up  by  means  of  the  spoon, 
the  measure,  although  the  same  in  name,  may  be  very 
different  indeed  in  fact.  Another  point,  which  should 
thoroughly  be  understood,  relates  to  the  size  of  the  aver- 
age spoon  of  to-day  as  compared  with  the  spoon  of  the 
same  denomination  of  two  generations  ago.  Coming 
down  from  our  ancestors  is  the  estimate  of  the  taNespoon- 
ful  as  the  measure  of  half  a  fluidounce,  or  16  c.c,  and 
of  the  teaspoonful  as  that  of  a  fluidrachm,  or  4  c.  c.  These 
alleged  equivalences,  true  of  the  average  of  spoonfuls 
of  former  days,  are  still  handed  down  as  present  truth 
from  teacher  to  student,  and  so  come  to  be  almost  uni- 
versally applied  in  prescription  calculations.  If,  how- 
ever, the  reader  will  take  from  any  chance  pantry  a  sam- 
ple of  the  average  commoner  kind  of  teaspoon,  such  as 
is  generally  relegated  for  service  in  the  nursery,  and  will 
provide  for  himself  an  accurate  graduate  and  a  phial  of 
water,  he  can  learn  for  himself,  in  two  minutes,  the  fact 
that  the  teaspoonful  will  run  much  nearer  six  to  the 
fluidounce  than  the  traditional  eight — will  equal  the  quan- 
tity otjvee  rather  than  of  four  cubic  centimetres.  And, 
■by  the  same  token,  the  average  tablespoonful  of  our  own 
present  spoons  is  of  the  dimensions  of  three  rather  than 
cf  four  to  the  two-fluidounce  measure — of  twenty  rather 
than  of  sixteen  cubic  centimetres.  And  indeed,  in  the 
case  of  thick  fluids,  such  as  strongly  syrupy  mixtures,  or 
a  fixed  oil  like  castor  oil,  where  also  the  fluid  is  poured 
into  the  spoon,  the  spoonful  will  considerably  exceed  even 
these  larger  estimates.  In  view  of  these  facts,  this 
writer,  in  his  teaching,  has  always  advised  for  prescrip- 
tion purposes  the  estimate  of  the  equivalence  of  the  tea- 
spoonful as  at  5  c.c,  or  at  the  rate  of  six  to  the  fluid- 
ounce  ;  and  of  the  tablespoonful  at  20  c.c,  or  at  the  rate 
of  three  to  two  fluidounces — six  to  four  fluidounces. 

By  basing  calculations  on  such  assumed  equivalences, 
any  error  in  actual  mensuration  will  be,  as  it  should  be, 
in  the  direction  of  a  measure  smaller  rather  than  greater 
than  intended.  Furthermore,  it  is  a  happy  fact  that  these 
equivalences  give  numerical  relations  far  handier  for  pur- 
poses of  calculation  than  the  older  estimates.  In  the  case 
.of  the  metric  values,  it  goes  without  saying  that  for  com- 
putation in  decimal  denominations,  the  numbers  jffw  and 
twenty  are  much  more  convenient  for  expressions  of  re- 
spective unit  quantities  than  the  numbers /our  and  six- 
teen. And  in  the  apothecaries'  system  the  proportion  of 
six  to  the  fluidounce  permits  of  a  greater  number  of 
easily  calculated  combinations  than  the  time-honored 
eight  to  the  same  measure,  as  is  shown  in  the  tables 
below. 

A  fourth  consideration  affecting  the  estimation  of 
amounts  in  the  prescription  of  fluid  mixtures,  obtains  in 
the  prescribing  of  a  solid  to  be  borne  in  solution  in  an 
inert  fluid  menstruum,  the  point  being  the  matter  of  the 
proper  proportion  between  solid  and  solvent.  Of  course, 
in  the  first  place,  the  proportion  must  be  compatible  with 
the  solubility,  in  the  selected  menstruum,  of  the  given 
solid ;  and,  also  of  course,  in  the  second  place,  if  the  dose 


is  to  be  diluted  extemporaneously  for  the  taking,  the 
concentration  of  the  prescribed  solution  may  be  to  any 
degree  so  compatible  with  solubility.  If,  however,  as  so 
often  is  the  case,  the  prescription  purposes  a  solution  fit 
for  direct  administration  without  further  dilution,  then 
the  consideration  of  taste  enters  into  relation.  An  over- 
strong  solution  will  be  rough  to  the  taste,  and  may  also 
be  irritant  or  even  corrosive  to  the  alimentary  mucous 
membranes ;  while,  on  the  other  hand,  if  the  solution  be 
inordinately  weak,  the  volume  required  for  the  carrying 
of  a  proper  dose  of  the  dissolved  basis  may  be  incon- 
veniently large.  Of  course,  in  this  matter  the  individual 
peculiarities  of  the  constituents  of  a  given  prescription 
will  require  individual  consideration;' but,  in  a  general 
way,  the  truth  obtains  that  the  teaspoonful  is  best  made 
the  carrier  of  not  more  than — in  convenient  round  num- 
bers of  the  respective  systems  of  weight — twenty  five  cen- 
tigrams, or  Jive  grains  ;  and,  similarly,  the  tablespoonful 
of  not  more  than,  respectively,  one  gram,  or  twenty  grains, 
of  a  solid  in  solution.  In  the  case  of  fairly  bland  sub- 
stances, whose  solubilities  will  at  the  same  time  permit, 
twice  these  quantities  may  be  permissible ;  but  such  pro- 
portion should  not  be  exceeded. 

From  this  presentation  of  points  ailecting  the  prescrip- 
tion of  fluid  mixtures,  it  appears  that,  in  cases  in  which 
it  is  expected  that  the  whole  bottleful  is  to  be  used,  the 
estimate  of  amounts  must  harmonize  a  trio  of  conditions 
as  follows:  (1)  The  total  must  be  just  a  bottleful;  (3)  it 
must  aggregate  about  the  number  of  doses  therapeuti- 
cally indicated ;  and  (3)  at  the  same  time  the  amount  of 
the  active  basis,  while  being  such  as  to  yield  the  proper 
strength  of  solution,  must  also  be  such  as  to  admit  of 
ready  expression  in  terms  of  the  system  of  weight  or 
measure  employed  in  the  writing.  In  the  use  of  the 
metric  system  this  triple  harmonization  presents  no  diffi- 
culties, for  the  simple  reason  that  since  any  amount  is 
equally  easy  of  expression  by  this  system,  it  is  only  nec- 
essary to  harmonize  the  first  two  considerations,  letting 
the  amount  of  active  basis  required  foot  up  to  what  it 
will.  Thus,  for  instance,  let  it  be  supposed  that  an  indi- 
cation seems  to  call  for  a  medication  three  times  a  day 
for  a  few  days ;  then  all  it  is  necessary  to  remember  is 
that,  if  the  active  basis  be  one  of  small  dose  such  that  a 
teaspoonful  is  the  more  convenient  carrier,  a,  fifty  cubic 
centimetre  aggregate  will  fulfil  the  conditions  of  an  even 
bottleful  on  the  one  hand,  and  about  the  requisite  num- 
ber of  doses  upon  the  other  (ten  teaspoonfuls,  reckoning 
the  teaspoonful  at  5  c.c).  Then  the  individual  dose  of 
basis  may  be  taken  unconditionally  by  the  therapeutic 
indication — it  may  be  fixed  at  one,  two,  three,  four,  five, 
six,  seven,  eight,  nine,  ten,  or  any  odd  number  of  centi- 
grams, and  the  expression  of  the  aggregate  will  be 
equally  easy,  such  aggregate  being  simply  ten  times  the 
quantity  for  the  individual  dose,  respectively,  as  follows : 
0.10,  0.30,  0.30,  0.40,  0.50,  0.60,  0.70,  0.80,  0.90,  1.00  gm., 
etc.  Similarly,  if  the  case  be  one  where  a  tablespoonful 
will  be  the  more  convenient  measure  for  the  dose,  then  a 
two  hundred  cubic  centimetre  volume  will  again  yield  ten 
doses  (about  the  number  indicated)  of  the  selected  dimen- 
sion, and  once  more  the  individual  dose  of  basis  may  be 
what  it  please,  and  the  aggregate  will  be  equally  easy  of 
expression.  When,  however,  the  apothecaries'  system  is 
followed  in  the  prescription,  at  once  a  complication 
arises,  for  the  reason  that  in  apothecaries'  weight  all 
amounts  are  not  equally  easy  of  expression — some,  in- 
deed, being  so  awkward  to  express  as  practically  to  be 
unavailable.  Thus,  for  instance,  although  by  this  sys- 
tem, as  already  pointed  out,  ratios  are  naturally  taken  in 
duodecimals,  yet  such  a  natural  duodecimal  multiple  as 
seventy-two,  representing  grains,  5s  a  monstrosity  for  ex- 
pression. In  computing,  therefore,  by  apothecaries' 
weight  and  measure,  the  prescriber  is  bound  by  the 
clumsiness  of  the  denomination  ratios  of  the  system,  and 
so,  for  cases  in  which  the  total  basis  exceeds  a  drachm, 
finds  available  for  the  fulfilment  of  the  tripartite  condi- 
tioning set  fortt  above,  a  certain  set  of  combinations  only. 
These  combinations  the  young  prescriber  must  learn  by 
rote.    They  are  easily  enough  figured  out  for  one's  self; 
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but  for  convenience  of  reference  there  are  set  forth,  in 
tabular  form  below,  the  combinations  convenient  when 
the  individual  dose  of  basis  is  to  be  one  or  other  of  the 
several  amounts,  five,  ten,  ffteen,  or  twenty  grains.  If  the 
individual  dose  of  basis  be  less  than  a  grain  or  two,  then 
the  total  amount  of  basis  required,  being  but  a  moderate 
nmmhev  of  grains,  is  easy  enough  of  expression,  and  the 
difficulty  now  under  consideration  does  not  obtain. 

Table  of  Convenient  Combinations  foe  the  Presokiption  of 
Fluid  Mixtures  by  Apothecaries'  Measure  and  Weight. 

1.  Dose  to  be  home  in  an  average  teaspnonful,  reckoiiing  Hx 
teaspoonfuU  to  the  fluidounce. 


^^ 

AMOUNT    OF 

Basis   to   be   prescribed   in  Order 

>^o 

TO  Yield 

ro    THE    Teaspoonful   the    Several 

::ri  . 

©■§ 

Doses  of— 

w'"^  S 

la's 

^S^ 

sS§ 

III 

Five 

Ten 

Fifteen 

Twenty 

=  &9 

grains. 

grains. 

grains. 

grains. 

H 

3 

gr.  XV. 

3SS. 

3i. 

1 

6 

3ss. 

3i. 

fiss. 

3ij. 

a 

12 

3i. 

313. 

3iij. 

|ss. 

i 

24 

3i]. 

Iss. 

3vi. 

5i. 

« 

36 

3iiJ. 

3vi. 

31x. 

Iiss. 

8 

48 

!ss. 

|i- 

Iiss. 

|ij. 

la 

72 

3vi. 

iiss. 

Ilij. 

2.  Dose  to  he  home  in  an  average  tahlespoonful,  reckoning  one 
and  a  half  tablespnonfuls  to  the  fiuidounce. 


O  3 

*  i  S 

S  eS  Q 
2;- 3 

Amount    of  Basis   to  be  Prescribed  in  Order 
TO  Yield  to  the  Tablespoonful'  the  several 
Doses  of— 

Q..S  a 

Five 
grains. 

Ten 
grains. 

Fifteen 
grains. 

Twenty- 
grains. 

2 

4 
6 
8 
12 

.   3 
6 
9 
12 

18 

gr.  XV. 

3SS. 

3i."' 

3iss. 

3SS. 

31. 

3lss. 

31J. 

Zll]. 

iiss. 
3lij. 

3i«. 
31. 
3  Hi. 
|ss. 
3vl. 

3.  Dose  to  be  home  in  a  measured  fluidrachm. 


^•O 

«H  <B 

'^■^ 

°a 

Amount   of 

Basis  to 

3E    PRESCRIBED-"  IN    ORDER 

(>,« 

to    Yield 

to    the    Fluidrachm    the    Several 

In 

Doses  of— 

333 

Five 

Ten 

Fifteen 

Twenty 

By,^ 

grains. 

grains. 

grains. 

grains. 

^ 

4 

3i. 

3«.        • 

3i. 

Siv. 

1 

8 

3ij. 

3iv. 

3iJ. 

Bviij. 

2 

16 

31v. 

Bvlij. 

Iss. 

3xvi. 

4 

32 

3Vlij. 

SXTi. 

!?• 

6 

48 

Iss. 

11. 

Iiss. 

iij. 

8 

64 

3xvi. 

Ilj- 

12 

96 

!i. 

|i]. 

|1«. 

Ilv. 

4.  Dose  to  he  home  to  u.  mea^wred  half-Jluidounae. 


og 

■So 

Amount   of 

basis  to  be   Prescribed  in   Order 

^^ 

to  Yield  to  the  Half-Fluidounoe 

THE  SEVERAL 

Doses  of— 

"TflS 

hbN 

Five 

Ten 

Fifteen 

Twenty 

^"" 

grains. 

grains. 

grains. 

grams. 

1 

2 

gr.  A. 

3i. 

3SS. 

313. 

a 

4 

ii. 

313. 

31. 

3iv. 

4 

8 

3i3. 

31v.     , 

3i3: 

3vii3. 

6 

12 

31. 

3i3- 

3113. 

Iss. 

8 

16 

3iv. 

3vii3. 

iss. 

3xvi. 

12 

24 

313. 

|ss. 

3  VI. 

|i. 

III.  The  Expbbssing  op  a  Presceiption.— A  pre- 
scription is  an  order,  dated  and  signed,  to  the  pharmacist 
to  take  certain  quantities  of  certain  several  substances ; 
to  perform  upon  them  certain  pharmaceutical  operations ; 
to  label  the  package  with  certain  directions  concerning 


use,  and  to  address  it  with  the  name  of  the  patient. 
Upon  this  order  the  author  may  also  have  occasion  to  set 
down  certain  injunctions,  such  as  "not  to  be  renewed," 
or,  "not  to  be  shown  to  the  patient,"  etc.  Inform,  pre- 
scriptions are  commonly  written  after  the  following 
paradigm : 

[Not  renewable  without  authority.] 

For  Mr.  A.  B. 
Take 

Of  substance  A,  ■  quantity  x. 

Of  substance  B,  quantity  y. 

Of  substance  C,  quantity  a  [etc.] 

Do  so-and-so  [with  them] 

Label  [the  paclsage] 

ISigned'l  CD.,  M.D., 

No.  1  Blank  Street. 
[Dated]  November  22d,  1886. 

Instead  of  a  written  signature,  a  very  common  and  a 
very  good  plan,  followed  by  many  practitioners,  is  to 
have  prescription  blanks  printed  for  their  personal  use, 
bearing  the  imprint  of  name,  address,  and  office  hours. 
In  such  case  the  imprint  is  commonly  at  the  head  of  the 
paper.  In  language,  a  prescription  is  commonly  written 
in  part  in  Latin,  and  in  part  in  the  vernacular.  In  the 
United  States  the  use  of  the  Latin  is  commonly  confined 
to  such  portion  of  the  prescription  as  has  to  do  with 
directions  to  the  pharmacist  for  the  compounding  and 
"  putting  up  "  of  the  medicine ;  but  in  many  other  coun- 
tries the  directions  for  use  are  also  written  in  Latin.  This 
latter  foreign  custom  has  nothing  to  commend  itself,  but, 
on  the  contrary,  is  intrinsically  objectionable  on  the 
score  of  opening  an  unnecessary  doorway  for  the  entry 
of  mistakes.  For  such  directions  must,  of  necessity, 
finally  appear  in  the  vernacular  in  the  label  upon  the 
package  which  is  to  serve  for  the  patient's  guidance ;  so 
that,  to  write  them  in  the  prescription  in  Latin  is  to  en- 
tail their  translation  back  into  the  vernacular  at  the 
hands  of  the  pharmacist  for  the  purpose  of  transcription, 
all  at  the  risk  of  mistakes.  Far  better  is  the  American 
custom,  whereby  the  prescriber  can — and  always  ought 
— set  down,  in  the  vernacular,  in  full  necessary  detail,  the 
directions  for  administration,  which  directions  are  then 
simply  to  be  copied,  exactly  as  written,  in  the  labelling  of 
the  package.  Another,  and  quite  universal,  custom  is  to 
express  by  abbreviation  or  by  symbol,  in  the  pharmaceu- 
tical portion  of  the  prescription,  what  might  be  called 
staple  words. '  Thus,  in  the  foregoing  paradigm,  take  is 
expressed  by  the  symbol  "If,"  which,  originally  the 
astronomical  sign  "  2f ,"  of  the  planet  Jupiter  (symbolical 
of  the  prayer  to  the  deity  Jove  which  in  ancient  times 
headed  prescriptions),  now  bears  its  present  peculiar 
form  in  order  to  do  duty  also  as  the  initial  letter  of  the 
Latin  word  recipe,  signifying  take  thou.  Next,  titles  of 
denominations  of  weight  or  measure  are  expressed  by  the 
commonly  employed  symbols  for  such  denominations, 
and  numeral  adjectives  by  the  so-called  Roman  numerals 
in  the  use  of  the  apothecan'ies'  system  of  weight  or  meas- 
ure ;  but  by  the  ordinary  Arabic  numerals  when  the  pre- 
scription is  by  metric  weight  or  measure,  as  is  practically 
a  necessity  for  the  expression  of  the  related  integral  and 
decimal  fractions  by  which  metric  quantities  are  signi- 
fied. Next,  the  word  misce,  signifying  mix  tJiou—the 
most  commonly  occurring  word  expressing  requirement 
of  pharmaceutical  manipulation,  is  expressed  by  its  ini- 
tial letter  Jl/.,  and  similarly,  and  lastly,  the  word  signa, 
signifying  label  thou,  by  its  initial  letter  8.  Other  com- 
monly employed  abbreviations  are  "  aa  "  for  ana,  latinized 
Greek  for  the  phrase  of  each;  "no."  for  numero,  signify- 
ing to  the  number  of ;  "  q.  s."  for  quantum  sujficiai,  signi- 
fying as  much  as  may  be  necessary,  and  "p.  r.  n."  ior p7-o 
re  natd,  signifying  according  to  need. 

It  thus  appears  that  all  of  the  prescription  requiring 
full  dress  in  Latin  is  comprised  in  the  titles  of  substances 
prescribed,  and  in  the  directions  for  the  compounding. 
And  for  the  correct  latinizing  of  such  items  a  critical 
knowledge  of  the  Latin  language,  though,  of  course,  of 
great  advantage,  is  yet  not  indispensable.  For,  so  far  as 
relates  to  the  expression  of  medicine-titles,  all  that  is  nec- 
essary is  to  know  how  to  set  these  titles  in  proper  case  ; 
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and,  as  concerns  the  expression  of  pharmaceutical  direc- 
tions, it  is  to  be  remembered  that,  in  the  great  majority 
of  instances,  the  directions  for  compounding  requirmg 
specification  in  prescription  writing,  are  simple  and  set, 
so  that  their  Latin  phrasing  is  easily  compassed  by  the 
knowledge  of  a  few  arbitrary  words  and  phrases.  In- 
deed, for  all  but  seldom  occurring  exceptional  directions, 
the  latinizing  can  be  effected  by  the  words  and  phrases 
in  the  following  list,  properly  coupled  with  Latin  words 
signifying  forms  of  medicines,  presumably  already 
learned. 
List  of  Odd  Wohds  and  Phrases  of  Common  Oc- 

•CTJKKBNCB    IN     THE    EXPRESSION    OF     PHAEMACEUTICAL 

Directions,  in  Prescriptions.— 1.  Verbs,  in  imperative 
moud;  "object"  to  be  in  the  accusative  case  (analogue  of 
the  English  objective) : 

Adde,  add.  FUtra,  filter. 

Cola,  strain.  Mdcera,  macerate. 

Dimde,  divide.  Misce,  mix. 

Extende,  spread.         Solve,  dissolve. 

Fae,  make.  Tere,  rub. 

3.   Verbs,  in  subjunctive  mood,  taking  a  subject  or  a  predi- 
cate,  nominative: 

Bulliat,  let  [it]  boil. 

Fiat,  let  \it\  be  made  [into]. 

Fiant,  let  [tJiem]  be  made  [into]. 

3.  Ve)-bal  adjective  (participle),  to  agree  with  its  noun 
in  gender,  number,  and  case : 

Dividendus  (masculine) ;  -a  (feminine) ;  -um  (neuter), 
to  be  divided. 

4.  Prepositions  :  noun  following  to  be  in  the  accusative 
case: 

Ad,  to ;  up  to.        In,  into.        Supra,  upon. 

5.  Prepositions  :   noun  following  to  be  in  the  ablative 
case: 

Cum,  with.  Pro,  for. 

6.  Miscellaneous  Words  and  Phrases : 


Ana,  of  each. 

Bene,  well. 

Bis,  twice. 

Dein  or  deinde,  thereupon. 

M,  and. 

Qraddtim,  gradually. 


Outtdtim,  by  drops. 
Son,  not. 
Semel,  once. 
Simul,  together. 
Stdtim,  at  once. 
Ter,  thrice. 


In  the  instance  of  a  pharmaceutical  operation  which 
cannot  be  expressed  in  Latin  by  the  application  of  the 
foregoing  vocabulary,  the  wise  course,  even  for  the  Latin 
scholar,  is  to  forego  elegance  and  write  the  direction  in 
the  vernacular.  Otherwise  it  might  chance  that  the  pre- 
scription overstep  the  pharmacist's  capacity  for  transla- 
tion, to  the  obvious  defeat  of  the  compounding. 

As  regards  the  rendering,  in  proper  Latin  case,  of  the 
titles  of  the  ingredient  substances  of  a  prescription,  the 
points  are  as  follows:  There  are,  ia  Latin,  six  cases  in  the 
•declension  of  nouns  and  adjectives,  but  of  these  cases 
four  only  are  concerned  in  the  latinizing  of  medicine 
titles.  These  four  are,  respectively,  as  follows:  The 
nominative  case,  corresponding  to  the  English  nomina- 
tive, is  the  case  in  which  titular  words  stand  in  simple 
statement — by  which,  in  short,  names  are  learned.  Thus 
we  recognize  prepared  chalk  by  the  Latin  title  Creta 
prmparata,  wherein  the  two  words  of  the  title  are  in  the 
nominative  case.  Next,  the  genitive  case  corresponds  to 
the  English  objective  case  after  the  preposition  of,  and  is 
the  case  in  which  titular  words  most  commonly  stand  in 
prescription  writing.  For,  in  the  first  place,  compound 
titles,  even  in  simple  statement,  commonly  afford  an  in- 
stance of  the  genitive,  as  in  the  case  of  the  title  tincture 
of  opium.  Here  the  phrase  of  opium  is  rendered  in 
Latin  by  the  word  opium  set  in  the  genitive  case.  Then, 
in  the  second  place,  in  prescribing,  the  order  for  the 
"taking"  of  a  given  ingredient  is,  in  the  enormous  ma- 
jority of  instances,  a  direction  for  the  taking  of  a  speci- 
fied quantity  of  the  substance  in  question.  A  prescrip- 
tion for  a  phial  of  laudanum,  that  is,  will  read :  "  Take 
o/ tincture  of  opium  one-half  fluidounce."    In  such  case 


the  titular  word  of  the  preparation  itself — in  this  instance 
the  word  tincture — will  have  to  stand  in  the  genitive, 
since  now  it,  also,  follows  the  preposition  of.  With  the 
exception,  therefore,  of  a  few  conditions  when  titular 
words  stand,  in  prescription  expression,  in  the  accusa- 
tive, the  rule  is  that  all  titular  nouns  and  adjectives 
which,  in  simple  statement  of  the  title,  stand  in  the 
nominative,  require,  in  prescription  orders,  to  be  set  in 
the  genitive. 

The  third  Latin  case  that  concerns  the  prescriber  is  the 
accusative,  the  Latin  analogue  of  the  English  objective  fol- 
lowing a  transitive  verb.  Titular  nouns  and  adjectives 
take  the  accusative  under  the  two  following  circum- 
stances :  First,  when  the  order  is  not  the  common  one  to 
take  a  certain  specified  measure  or  weight  of  the  thing, 
but  to  take  tJie  thing  itself  in  a  conditioned  entirety.  A 
common  instance  of  this  circumstance  is  where  yolk  or 
white  of  egg  is  an  ingredient  of  a  prescription.  Here  by 
the  condition  of  things  it  is  easiest  to  measure  quantity 
by  the  natural  measure  of  the  egg  substance  itself. 
Hence,  in  prescribing  yolk  the  order  is  commonly  to  take 
the  yolk  of  one  egg,  or  of  two,  or  of  three  eggs,  as  the  case 
may  be ;  in  which  case  the  title  word  yolk,  standing  as 
the  direct  object  of  the  transitive  verb  take,  requires  to 
be  put  in  the  accusative.  Another  commonly  occurring 
instance  where  the  accusative  must  appear,  is  where  the 
prescriber  writes  for  a  certain  number  of  a  ready-made 
medicinal  entity,  such  as  pills  or  troches,  of  standard 
composition,  and  hence  of  independent  title.  Thus,  to 
prescribe  the  pharmacopoeial  compound  cathartic  pill,  the 
simplest  way  is  to  order  directly  the  desired  nurnbei'  of 
the  already  made  pills,  which  the  pharmacist  keeps  in 
stock.  Such  prescription,  therefore,  reads:  "Take  com- 
pound cathartic  pills  to  the  number  of  "  so  many,  and  so 
the  word  for  pills,  with  its  dependent  adjectives,  ap- 
pearing as  the  immediate  object  of  the  verb  take,  stands 
in  the  accusative.  The  second  circumstance  determining 
the  setting  in  the  accusative  of  titular  nouns  and  adjec- 
tives occurs,  in  one  form  of  writing,  in  cases  in  which  the 
prescription  orders  that  a  given  substance  be  taken  up  to 
the  attainment  of  a  certain  total  bulk  oi'  weight.  This  form 
of  order  most  commonly  obtains  in  the  prescription  of 
fluid  mixtures,  where  it  is  often  convenient  to  order  in 
specified  quantities  the  necessary  amounts,  respectively, 
of  basis  or  adjuvant;  but,  as  regards  the  inert  vehicle 
simply  to  direct  the  compounder  to  "  take  "  the  vehicle 
substance  until  the  whole  mixture  shall  attain  the  meas- 
ure of  the  desired  bottleful.  In  such  case  the  order  for 
the  vehicle  may  be  phrased  in  either  of  two  styles — in 
the  one  of  which  the  titular  words  will  appear  as  usual 
in  the  genitive,  but,  in  the  other,  in  the  accusative.  The 
phrase  in  the  latter  style  is  according  to  the  model,  take 
so-and-so  up  to  [the  measure  of]  so  much.  Here  the  title 
of  the  substance  "  taken  "  is  the  immediate  object  of  the 
verb  take,  and  therefore  stands  in  the  accusative;  the 
phrase  up  to  tlie  measiire  of  being  expressed  hj  the  prepo- 
sition ad.  The  other  style  of  phrasing  the  order  is  after 
this  model :  Take  of  so-and-so  as  much  as  may  be  necessary 
to  attain  the  measure  of  so  much.  Here  the  title  of  the 
medicine  once  more  follows  the  preposition  of,  and  hence 
appears  in  the  genitive.  In  the  rendering  of  the  order  in 
this  style,  the  Latin  phrase  quantum  sufficiat  ad  (com- 
monly abbreviated  to  q.  s.  ad)  is  the  translation  of  the 
English  "as  much  as  may  be  necessary  to  attain  the 
measure  of." 

The  fourth  and  last  Latin  case  that  concerns  the  pre- 
scriber is  the  ablative,  a  case  corresponding  to  the  English 
ebjeetive  after  certain  prepositions.  The  prepositions 
governing  the  ablative  that  occur  in  prescription  writing 
are  cum,  "with,"  and  pro,  "for."  The  former  of  these 
occurs  in  a  few  titles,  as  for  instance,  Hydrargyrum  cum 
Cretd,  mercury  with  chalk ;  Emplastrum  Picis  cum  Can- 
tharide,  pitch  plaster  with  cantharides ;  and  the  latter  in 
the  much-used  ipiirase  pro  re  natd,  "according  toneed." 
But  as  regards  the  ablative,  the  special  point  obtains  that 
the  circumstances  of  prescription  phrasing  never  require 
the  rendering  in  the  ablative  of  a  title  word  which  in  the 
title  appears  in  a  diflierent  case.    The  few  instances  of 
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the  ablative  in  medicine  titles  are  therefore  fixed,  and  the 
ablatives  so  occurring  are  easily  learned  by  rote. 

The  expression  of  case  is,  in  Latin,  effected  by  modifi- 
cation of  the  ending  of  the  word  itself  vi'hich  is  to  be 
declined,  and  in  such  modification,  adjeetwes  share  as 
wellas  nouns.  Different  modifications  are  employed  to 
signify  case  in  the  singular  and  plural  number,  respec- 
tively, and  of  such  modifications  there  are,  in  ordinary, 
five  distinct  systems,  constituting  the  five  several  declen- 
sions of  nouns  and  adjectives,  besides  cases  of  irregular 
declension  presented  by  certain  pronouns  and  cardinal 
numerals.  Of  the  five  systematic  declensions,  one,  the 
Jfth,  affords  but  a  single  example  in  prescription  Latin, 
namely,  the  ablative  re  of  the  noun  res  in  the  oft-quoted 
phrase  pro  re  natd.  Of  the  other  four  declensions,  exam- 
ples occur  in  prescription-writing  of  the  nominative,  gen- 
itive, accusative,  and  ablative  cases,  respectively,  in  the 
singular  number,  and  of  the  nominative,  genitive,  and  ac- 
cusative in  the  plural.  The  following  table  shows  the 
endings  for  the  several  cases  so  enumerated,  so  far  as 
concerns  nouns  and  adjectives  embraced  in  the  pre- 
scriber's  vocabulary.  Endings  for  nouns  not  in  such 
vocabulary  are  purposely  omitted,  as  are  also  the  irregu- 
lar declensions  of  pronouns.  In  the  table  the  italicized 
letters  m.,f.,  and  n.,  signify  respectively,  that  the  case 
endings  in  the  columns  beneath  are  those  of  nouns  or  ad- 
jectives of  the  masculine, feminine,  or  neuter  gender;  for, 
as  appears  in  the  table,  case  endings  often  differ,  even 
in  the  same  declension,  according  to  the  gender  of  the 
word.  The  endings  of  the  first  and  second  declensions, 
severally,  which  appear  in  parentliesis,  are  the  endings 
of  certain  Greek  nouns,  adopted  into  Latin  with  some- 
thing of  the  Greek  form  retained.  The  table  also  gives 
a  list  of  words  of  foreign  origin  applied  as  drug  titles, 
which,  following  the  Latin  idiom  in  such  case,  make  no 
change  of  ending  to  signify  case — are,  in  short,  indeclin- 


Table  of  Parts  op  Latin  Declensions  so  Far  as  ExEMPuriED 
Br  Words  Used  in  Prescrjption-weiting. 

1.  Regular  Declenskms  of  Nouns  and  Adjectives. 


a 

Second 

Tbird 

^1 

declension 

declension. 

■a 

■o 

SINGULAR. 

/. 

m* 

n. 

m.andf.           n. 

m.+ 

Nominative 

-a     (-e) 

-us  (-OS)  -um 

(-on) 

(various)    (various) 

-us 

Genitive  . . . 

-ae    (-es) 

-i 

-is 

-lis 

Accusative . 

-am  (-en) 

-um  (-on; 

-em       (like  nom.) 

-um 

Ablative  . . . 

-a 

-0 

-e 

Plural. 

Nominative 

-se 

-i 

-a 

-es                       -a 

-us 

Genitive  . . . 

-arum 

-orum 

-um,     -lum 

-uum 

Accusative . 

-as 

-OS 

-a 

-es                       -a 

-us 

(Kith  Declension  exemplifled  only  in  ablative  singular  re  in  phrase 
pro  re  nat&.) 

♦Except  juniperus,  prunus,  rhamnus,  sambucu^,  and  ulmus, 
feminine. 

+  Except  guercus,  feminine. 

3.  Declension  nf  Cardinal  Numerals. 


Nominative 
Genitive . . . 
Accusative . 


ITnus,  One. 


/. 


un-us    -a    -um 

-ius 
-um   -am  -um 


Duo,  Two. 


du-o  -38  -0 

-orum    -arum    -orum 
-OS  -as  -o 


Tres,  Three. 


ra.andf.     n. 

tr  -es  -la 

-ium 


All  other  cardinal  numerals  are  indeclinable. 

Indeclinable  Drug-titles— aZ!  neuter. 


Alcohol, 

Catechu, 

Amyl, 

Chloral, 

Buchu, 

Cusso, 

Cajuputi, 

Elixir, 

Eucalyptol, 
Kamala, 
Kino, 
Matico, 


Indeclinable  Drug-titles— all  neuter.— Continued. 


Menthol, 

Methyl, 

Naphtol, 


Pvrogallol, 

Salol, 

Sassafras, 


Sumbul, 
Thymol. 


As  appears  at  a  glance  from  the  foregoing  table,  in  the 
case  of  any  noun  or  adjective  belonging  to  either  of  the 
three  declensions  numbered  as  first,  second,  and  fourth, 
respectively,  if  the  nominative  be  given,  any  other  case 
can  at  once  be  formed  by  substituting  the  proper  case 
ending  for  that  of  the  nominative.  In  words  of  the  tldrd 
declension,  however,  this  possibility  in  very  many  cases 
does  not  oljtain.  For  in  this  declension  the  nominative 
often  stands  apart  from  the  other  cases  in  tlie  way  of 
having  the  very  root,  or  "stem,"  of  the  word  curtailed 
or  modified  in  its  construction.  Thus,  ihe^tem.  anthemid-, 
giving  genitive  antlieniidis,  accusative  antliemidem,  and 
ablative  anthemide,  gives  nominative  anthemis — a  word 
in  which  the  full  stem  does  not  appear.  Similarly,  the 
root  flor-,  giving  genitive  flm'is,  etc.,  gives  nominative 
flos;  and  root  rho-,  giving  genitive  r7ioi«,  offers  the  much 
modified  nominative  form  rhus.  Hence,  for  the  proper 
rendering  in  oblique  case  of  nouns  or  adjectives  of  the 
tJiird  declension,  it  becomes  necessary  to  learn  arbitrarily 
the  form  of  some  one  of  the  oblique  cases — most  conven- 
iently the  genitive — as  well  as  that  of  the  nominative. 

A  special  point  concerned  in  the  expression  of  case  ob- 
tains in  the  case  of  adjectives,  to  the  effect  that  very  many 
of  these  words  form  their  case  endings  after  different  ones 
of  the  declension  models,  according  to  the  gender  of  the 
noun  to  which  the  adjective  is  attached.  In  compound 
drug  titles,  therefore,  which  include  an  adjective,  the 
gender  of  the  noun  modified  by  the  adjective  becomes 
necessary  to  know  for  the  intelligent,  proper  rendering  of 
the  adjective's  case  ending.  Of  course,  such  knowledge 
is  not  essential,  since  the  title,  adjective,  and  all,  can  be 
learned  by  rote,  and  then,  remembering  the  nominative 
form  of  the  adjective,  the  necessary  change  to  genitive 
or  accusative,  to  suit  the  requirement  of  the  prescription 
phrase,  can  be  done  by  rule.  But  it  saves  a  vast  amount 
of  unnecessary  memorizing  to  understand  the  system,  so 
far  as  system  goes,  by  which  genders  of  Latin  nouns  are 
determined.  Reverting,  then,  to  the  above  declension 
table,  it  appears  that  all  prescription  occurring  nouns  of 
the  first  declension  are  fe7mni7ie  in  gender;  all  those  of 
the  second  declension  ending  in  -um,  or  -on,  are  neuter, 
and,  with  a  few  exceptions,  all  of  the  second  declension 
ending  in  -us,  or  -os,  and  all  of  the  fourth  declension  end- 
ing in  -lis,  are  masculine.  The  exceptions  in  the  two  lat- 
ter instances  are  nouns  in  -us,  representing  ancient  Latin 
tree-names,  which,  because  of  the  ancient  Latin  concep- 
tion of  an  inherent  femininity  in  trees  as  things,  take  the 
feminine  gender  in  spite  of  their  etymologically  mascu- 
line nominative  ending.  In  the  third  declension  all  gen- 
ders appear,  and,  although  in  nouns  of  certain  nominative 
endings  the  ending  carries  with  it  the  gender,  yet  in  the 
case  of  many  other  nouns  this  is  not  so,  and  genders  must 
be  learned  arbitrarily.  Happily,  however,  the  number 
of  nouns  of  the  third  declension,  among  drug  titles, 
which  bear  an  associated  adjective,  are  quite  few. 

From  the  above  analysis  it  is  evident  that,  in  the  case 
of  a  given  noun  in  the  nominative,  the  rendering  of  the 
same  in  an  oblique  case  can  proceed  by  rule  according 
to  the  foregoing  declension  table,  if  only  the  declension 
of  the  noun  be  known ;  with  the  further  item,  in  the  in- 
stance of  a  noun  of  the  third  declension,  that  some  one 
oblique  case,  as  well  as  the  nominative,  be  known,  for 
the  affording  of  the  full  stem  of  the  word.  Similarly, 
the  proper  case  dress  of  any  given  adjective  can  be  fixed 
if  the  scheme  of  declension  of  the  adjective  itself  be 
known,  on  the  one  hand,  and,  on  the  other,  the  gender 
of  the  noun  to  which  the  adjective  is  to  be  atflxed— ad- 
jectives requiring  to  agree  with  their  respective  nouns 
in  gender,  number,  and  case.  This  requisite  information 
concerning  nouns  and  adjectives  of  prescription  use  is 
afforded  in  the  two  following  tables— the  one  giving  a 
key  to  the  declensions  of  nouns,  with  genders,  and  also, 
in  the  case  of  nouns  of  the  third  declension,  genitive  end- 
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ings— and  the  other  showing  the  schemes  of  declension 
of  adjectives. 

Table  showing  Declension  and  Gender  of  Nouns  Occukring 
•    IN  Titles  of  U.  S.  Phakmacopieial  Medicines  and  in  Com- 
mon Prescription  Terms. 

Nominative  singular  ending  in  -a: 

All  First  Declension  and  Feminine,  except  (of  Greek  origin)  the 

following  In-ma; 

Catapla'sma  (catapla'smatls),  M, 

n. 
GarRarl'sma  (gargari'smatis),  30, 

n. 
Theobro'ma  (tSeobro'matis),  3(J,n. 


Physosti'gma     (pbysostlg'matts), 

3d,  n. 
AspWospe'rma  (aspiaospe'rmatls), 

3d,  n. 
E'nema  (ene'matls),  3d,  n. 


Nominative  Singular  ending  in  -lis: 
All  Second  Declension,  Masculine,  except- 


Juni'perus,  2d,  /. 

Rhus  (rho'ls),  3d,  /. 

"rbus  glar 

Pru'nus, 

bra"). 

Bha'mnus      " 

Fru'ctus,  itn,  m. 

Sambu'cus,    " 

Spi'ritus, 

C'lmus,          " 

Que'rcus, 

Nominative  Singular  ending  in  -os: 
Comprise  only  the  following— 
Kos  (flo'rls),  3d,  m.  I  Bos  (bo'yis),  3(J,  m.  or/. 

Nominative  Sitigular  ending  in  -um: 

All  Second  Declension,  Neuter. 
NominatiAje  Singular  ending  in  -on: 
Comprise  only  the  following— 
Erlodi'ctyon,       2d,  n.  I  Eri'geron  (erigero'ntis),  3d, n. 

Hsemato'xylon,  Li'mon  (limo'nis),  3d,  m. 

Toxicoae'naron,      "  I 

Nouns  of  all  other  endings  are  of  Third  Declension,  and  are  as 
follows : 

Ending  in  -c : 

Lao  (la'ctls),  n. 

Ending  in  -el : 
Tea  (fe'Uis),  n.  I  Mel  (me'ms),  n. 

Ending  in  -en : 
Alu'men  (alu'minls),  n.  |  Se'men  (se'minis),  n. 


Ending  in 
(-to) 
Confe'ctio  (conf ectlo'nis),  /. 


Lo'tlo  (lotlo'nls),/. 
Po'rtio  (portio'nis),  /. 
Trltura'tlo  (trituratlo'nls),  /. 


C-OSO) 
MucUa'go  (mucila'glnis),  /. 

(-&0  and  -po) 
Ca'rbo  (carbo'nls),  m. 
Pe'po  (pepo'nls),  m. 
Sa'po  (sapo'nis),  m. 


(-er) 

.ffl'ther  (sB'tberis),  m. 
Pl'per  (pl'peris),  n. 
Zi'ngiber  (zlngi'berls),  n. 


Ending  in  -r: 


{-or) 
Ll'quor  (U'quoris),  m. 

(-ur) 
Su'lpbur  (su'lpburis),  n. 


Ending  in  -s: 


(-OS,  genltiye  -atfe) 
Ace'tas  (aceta'tis),  m. 

[and  all  salt-names  in  -as.} 

(-as,  genltiye  -adis) 
Ascle'plaa  (aselepl'adis),  /. 
(^s,  genitive  -itis) 
A'rsenls  (arsenl'tis),  m. 

land  all  salt-names  in  -is.'\ 

(-is,  genltiye  ^dis) 
A'nthemls  (anthe'miais),/. 
Ca'ntharls  (cantba'rldls),/. 
Colocy'nthls  (colocy'nthldls) ,/. 
Hamame'Us  (bamame'Udis),/. 
I'rls  (i'riais),/. 
Ma'cis  (ma'ciais),  /. 


(-is,  genltiye  -eris) 
Pu'lyis  (pu'lyerls),  m. 

(-4s,  genitive  -4s) 
Ca'nnabis  (ca'nnabls),/. 
DIglta'lis  (aigtta'lls),/. 
Hyara'stls  (bydra'atis),  /. 
Sina'pls  (slna'pls),/. 

(-OS,  see  ante.) 

(-^s,  see  ante.) 

(-ns) 
Ju'glans  (jugla'ndis),  /. 

(-p«) 
A'aeps  (a'dlpis) ,  m. 

(-4  ■ 


Pars  (pa'rtls),  f. 


-rs) 


(ax) 

Bo'rax  (bora'cis) ,  m. 
Sty'rax  (styra'cls),  m. 

(-ex) 
Co'rtex  (co'rticls),m.  and/. 
Eu'mex  (ru'micls) ,  /. 


Ending  in  -x: 


(-4X.) 
Plx  (pl'els),  f. 
Ea'dlx  (radl'cls),/. 

(■^x) 
Nux  (nu'cls),/., 

(-Ix) 
Calx  (ca'lcls),/. 


Table  showing  Schemes  of  Declension  and  Gender  of  Adjec- 
tives Occurring  in  U.  S.  Pharmacopceial  Medicinal  Titles 
AND  IN  Prescription-phrases. 

Scheme  I.— Second  and  Fi/rsl  Declensions  Combined. 
Masculine.  Feminine.  Neuter 

-m  [2d  dec]  -a  [1st  dee.]  -um  (-on)  [2d  aec.] 


Scheme  II.— Third  Declension. 


Masculine  and  Feminine. 
-4s  (genitive  -is) . 


Neuter. 
-6  (genitive  -it). 


SCHEME  III.— Third  Declension. 

Masculine  and  Femimi/ne. 

-or  (genitive  -oris). 

SCHEME  lY.—Tliird  Declension, 

All  Oenders. 

-ens  (genitive  singular  -entis^ ;  (genitive  plural  -entium). 

In  commentary  upon  the  declension  schemes  of  adjec- 
tives set  forth  in  the  foregoing  table,  it  may  be  stated 
that  Scheme  I.  embraces  by  far  the  greater  number  of 
adjectives.  In  this  scheme  the  neuter  ending  -on,  bor- 
rowed from  the  Greek  like  the  same  ending  among  nouns 
of  the  second  declension,  finds  among  drug  titles  but  a 
single  example,  diachylon.  Scheme  It.  embraces  a  few 
adjectives  only  among  those  occurring  in  medicine 
titles,  and  affords  an  example  of  the  nominative  ending 
-e  of  the  third  declension,  which  does  not  occur  among 
nouns  of  pharmacopoeia]  titles.  Scheme  III.  offers  a  sin- 
gle example  only,  viz.,  fortior.  Of  Scieme  IV.  pharma- 
copoeial  adjectives  give  but  two  examples,  namely,  effer- 
wscens  and  recens.  A  survey  of  the  genders  marked  on 
the  table  shows  that  in  every  case  a  distinctive  gender, 
where  there  is  such,  can  be  told  from  the  adjective  nom- 
inative ending. 

A  final  point,  concerning  the  expression  of  a  prescrip- 
tion, is  that,  having  regard  to  the  fact  that  a  slip  of  the 
pen  on  the  part  of  the  writer,  or  a,  slip  of  the  understanding 
on  the  part  of  the  pharmacist  reader  of  a  prescription, 
may  convert  what  was  meant  as  a  missive  of  mercy  into 
a  death  warrant,  it  behooves  the  prescriber  most  sol- 
emnly to  execute  his  task  deliberately,  thoughtfully,  and, 
in  chirography,  legibly,  abjuring  all  dangerous  doak-of- 
ignorance  abbreviation  of  medicine-titles  ;  and,  finally,  to 
fail  not  of  that  trusty  safeguard  against  error,  a  remew 
of  the  paper  after  the  writing.  Edwa/rd  Curtis. 

PROTOZOA. — Standing  distinctly  as  the  lowest  of  all 
animal  organisms,  the  protozoa  constitute  a  branch  dif- 
ferentiated from  higher  groups  by  the  simplicity  of  or- 
ganization in  that  the  animal  consists  of  but  a  single  cell 
or  a  colony  of  simple  cells.  In  the  main  the  animals  of 
this  group  are  easily  recognized,  although  some  forms 
are  so  generalized,  and  partake  of  plant  characteristics 
to  such  an  extent  as  to  render  their  classification  doubt- 
ful; and,  on  the  other  hand,  certain  higher  forms  show 
the  first  stages  in  specialization  among  cells  of  the  col- 
ony which  ultimately  leads  to  the  differentiation  of  the 
metazoan  organism. 

The  Protozoa  are  true  cells  and  possess  consequently 
neither  organs  nor  tissues.  In  the  discharge  of  all  living 
functions  by  the  single  cell,  however,  one  finds  a  physi- 
ologic complexity  as  striking  as  the  morphologic  simplic- 
ity. The  latter  is  also  less  extreme  in  many  cases  where 
specialization  has  effected  the  production  of  individual 
features  within  the  single  cell,  differentiations  which 
subserve  particular  functions,  and  which  are  thus  anal- 
ogous to  the  organs  of  the  metazoa.  Such  are  denomi- 
nated cell  organs,  or  organellse,  and  are  of  great  variety. 
Among  these  may  be  mentioned  the  locomotor  structures, 
such  as  pseudopodia,  flagella,  and  cilia,  the  numerous 
vacuoles  of  a  nutritive  and  contractile  type,  the  pre- 
formed, often  highly  modified  openings  for  ingestion  of 
food  and  egestion  of  solid  waste  matter,  and  various 
protective  coverings  of  a  permanent  character  or  tem- 
porary and  connected  with  reproduction. 

As  true  cells  all  Protozoa  possess  one  or  more  nuclei, 
and  the  earlier  contention  that  there  exists  a  special 
group  of  anuclear  organisms,  the  monera  of  Haeckel,  has 
not  been  confirmed  by  later  study.  The  simple  pro- 
tozoon  is  with  a  single  known  exception  (Loxodes  rostrum) 
uninuclear,  and  the  presence  of  many  nuclei  points  to  a 
colonial  organism  or  to  a  reproductive  phase,  except  that 
in  one  large  group  two  forms  of  nuclei  coexist  and  divide 
the  functions  otherwise  resident  in  the  single  nucleus. 

The  reproduction  of  the  Protozoa  is  again  that  of  the 
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cell,  viz.,  by  division,  which  may  be  simple  or  multiple, 
and  in  varied  form,  either  while  free  or  in  the  encysted 
condition.  Two  types  of  division  may  alternate  regu- 
larly or  indefinitely  in  the  life  cycle  of  a  given  species, 
and  in  most  subdivisions  of  the  group  certain  so-called 
sexual  processes  have  been  demonstrated.  These  con- 
sist in  general  in  the  fusion  of  similar  individuals  (ISO- 
gametes'),  or  of  dissimilar  (macro-  and  microgametes), 
or  merely  in  the  mutual  exchange  of  nuclear  matter. 

Knowledge  of  the  completed  life  cycle  gives  an  ade- 
quate conception  of  the  species  and  its  relationships,  so 
that  when  but  a  single  phase  of  the  cycle  is  known  any 
classification  of  the  organism  must  be  merely  tentative. 
Evidence  is  accumulating  to  show  that  all  Protozoa  pass 
through  two  cycles  denominated  the  sexual  and  the 
asexual  cycle,  which  often  differ  radically  in  structure 
and  appearance  and  always  manifest  strong  contrasts  in 
nuclear  conditions.  With  the  exception  of  the  malarial 
■organism,  there  is  not  a  single  parasitic  protozoan  of 
man  in  which  the  complete  life  cycle  is  known. 

In  regard  to  location  parasitism  among  the  Protozoa 
affords  conditions  not  found  otherwise.  There  are  in 
■this  group  not  only  organ  parasites,  as  in  the  groups  of 
helminthes,  but  also  such  forms  as  must  be  designated 
■tissue  parasites,  cell  parasites,  and  even  nuclear  para- 
sites. Different  phases  in  the  life  cycle  of  the  same 
species  may  illustrate  different  modes  of  parasitism,  as 
is  the  case  with  the  malarial  organisms,  which  at  vari- 
ous epochs  in  the  life  history  are  successively  cell  para- 
sites in  the  erythrocytes,  organ  parasites  in  the  blood- 
vessels, and  tissue  parasites  in  the  wall  of  the  mosquito's 
midgut. 

In  general,  however,  the  protozoan  parasites  repeat 
conditions  already  described  for  Metazoa.  One  finds  the 
degeneration  of  organs  superfluous  under  conditions  of 
parasitic  existence,  the  formation  of  organs  of  attach- 
ment, such  as  hooks,  suckers,  etc.,  the  noteworthy 
fecundity  already  commented  upon  for  metazoan  para- 
sites; and  finally  the  alternation  of  generations  and  of 
hosts  is  a  common  feature  among  the  Protozoa  also. 

An  encysted  condition  of  the  entire  individual  or  of  a 
group  of  spores  aids  in  the  dispersal  of  the  species,  -ivhich 
are  all  inhabitants  of  a  moist  enviromnent  and  cease  ac- 
tivity at  once  on  withdrawal  of  the  water.  This  general 
habit  renders  it  difficult  to  distinguish  between  mere 
commensals  ■srhich  find  in  the  alimentary  canal  of  higher 
forms  conditions  for  their  ordinary  slime-inhabiting  ex- 
istence without  exerting  any  influence  upon  the  host, 
and  such  as  are  parasites  in  the  true  sense. 

A  true  parasite  draws  its  nourishment  from  the  host 
and  affects  it  at  least  to  that  extent.  When  this  takes 
place,  as  with  protozoan  parasites  largely,  within  a  tis- 
sue or  even  a  cell,  morbid  conditions  are  evoked,  even 
though  they  remain  local  in  some  cases.  That  functional 
disturbances  result  is  evinced  by  the^  relatively  large 
number  of  protozoan  diseases  among  animals  and  plants. 
These  sometimes  take  the  form  of  tissue  proliferations, 
as  has  been  clearly  demonstrated  for  plants.  An  effort 
to  trace  similar  effects  in  animals  is  found  in  the  exten- 
sive Uterature  on  cancer  parasites.  Thus  far,  however, 
no  sufficient  evidence  has  been  brought  to  establish  the 
parasitic  nature  of  such  abnormal  growths,  and  none  of 
the  supposed  "  parasites  "  can  be  clearly  recognized  as 
Protozoa.  It  should  be  noted  in  passing  that  in  addi- 
tion to  the  mechanical  effect  of  cell  parasites  a  chemical 
influence  of  at  least  equal  importance  is  exercised  by  the 
excretions  of  the  organism,  the  metabolic  products  set 
free  in  the  protoplasm  of  the  host  cell.  In  some  cases 
this  is  a  factor  of  great  importance,  as  also  in  the  cases 
of  bacterial  diseases ;  its  significance  among  Protozoa  is 
not  yet  sufficiently  investigated. 

It  is  noteworthy  that  in  many  instances  a  protozoan 
infection  is  self-terminating,  either  that  a  type  of  im- 
munity is  acquired  by  the  host,  or  that  the  reproductive 
cycle  of  the  parasite  reaches  its  limit  without  a  change 
of  host  or  alternation  of  generations.  MacNeal  and 
Novy  have  recently  endeavored  to  determine  experi- 
mentally the  possibility  of  securing  attenuated  cultures 


of  one  protozoan  parasite  {Trypanosoma)  with  absolutely 
negative  results ;  the  last  generation  from  a  culture  more 
than  a  year  old  was  even  more  virulent  than  the  organ- 
ism at  the  start. 

Regarding  means  of  infection  but  little  definite  evi- 
dence is  at  hand.  It  is  inferred  that  encysted  forms 
furnish  the  ordinary  means  for  transferring  the  species 
to  a  new  host,  and  yet  in  many  cases  experiments  along 
this  line  have  been  without  results.  In  other  cases  it  is 
now  known  that  the  transfer  takes  place  through  some 
biting  insectj  which  in  some  cases,  if  not  all,  acts  as  the 
host  for  anothei'  phase  in  the  life  history  of  the  parasite, 
and  is  capable  of  transmitting  the  disease  only  after  a 
period  sufficient  to  allow  of  the  development  within  its 
body  of  the  specified  portion  of  the  life  cycle. 

In  those  cases  in  which  the  life  history  has  been  worked 
out,  means  of  preventing  the  infection  of  the  human  host 
constitute  the  evident  limitation  to  the  spread  of  the 
disease  caused  by  the  parasite.  The  inauguration  of  a 
simple  but  effective  prophylaxis  for  malaria  and  yellow 
fever  ranks  rightly  as  among  the  most  brilliant  achieve- 
ments of  scientific  medicine.  In  cases  in  which  the  life 
history  of  the  parasite  is  unknown,  the  prophylaxis  is 
necessarily  vague  and  uncertain.  It  is  wise  to  emphasize 
here  the  importance  of  co-operative  effort  on  the  part  of 
trained  observers,  both  in  medicine  and  in  zoology,  to 
elucidate  fully  the  problems  which  necessarily  oft'er  al- 
most insuperable  obstacles  to  the  investigator  approach- 
ing them  from  the" single  standpoint. 

The  classification  of  Protozoa  is  still  in  a  very  imper- 
fecf  condition.  Our  knowledge  of  the  many  recorded 
forms  is  confessedly  incomplete,  especially  as  to  the  life 
history.  So  long  as  the  sexual  cycle  is  unknown  it  is 
hazardous  to  attempt  a  natural  classification  of  any 
form.  It  is  equally  erroneous  to  group  together  all 
types  which  manifest  a  certain  superficial  similarity  in 
sexual  stages.  Especially  open  to  criticism  are  attempts 
at  classification  based  solely  on  parasitic,  or  disease- 
producing  forms.  Such  a  proposal  as  that  recently 
made  by  Sambon,  who  would  include  in  a  single  class, 
the  Haemoprotozoa,  all  blood-inhabiting  Protozoa,  is  a 
serious  step  backward.  This  plan  disregards  all  free- 
living  Protozoa  and  does  violence  to  all  the  evidence  ob- 
tained from  their  study.  The  Hsemoprotozoa  do  not 
constitute  a  natural  group:  the  definition  of  the  group 
by  Sambon  is  purely  physiological  and  the  similarity  in 
habit  which  these  forms  manifest  is  no  better  justifica- 
tion of  their  taxonomic  association  than  occurrence  in 
the  alimentary  canal  justified  the  long  since  abandoned 
group  of  Helminthes.  The  various  subdivisions  of  Sam- 
bon's  Haemoprotozoa  are  forms  of  diverse  origin  which 
independently  have  become  adapted  to  a  parasitic  exist- 
ence in  the  blood  stream,  and  in  taxonomic  considera- 
tion they  must  be  relegated  to  the  different  classes  of 
Protozoa  from  which  they  have  sprung.  They  furnish 
at  once  striking  evidence  of  parallel  evolution  and  of 
convergence  due  to  similar  environment. 

All  the  varied  modifications  within  the  branch  of  Pro- 
tozoa may  be  grouped  into  four  well-defined  classes 
which  are  now  almost  universally  recognized.  These 
may  be  briefly  outhned  together  with  their  major  sub- 
divisions, following  in  the  main  the  classifications  of 
Butschli,  Calkins,  and,  Doflein,  and  [noting  principally 
those  groups  which  Contain  forms  found  in  the  hurnan 
body.  Calkins  regards  these  classes  as  phyla  and  raises 
correspondingly  the  value  of  all  the  subordinate  groups. 
Although  the  older  view  is  followed  in  the  text,  this 
change  has  much  to  recommend  it. 

Class  I.  Sar-codina.— Naked  or  shelled  Protozoa,  char- 
acterized in  the  free  adult  condition  by  the  formation  of 
changeable  processes  of  protoplasm  as  organs  of  locomo- 
tion. These  pseudopodia  may  be  lobose,  digitate,  reticu- 
late, or  finely  radiate,  and  may  be  formed  over  the  entire 
surface  of  the  body,  or  only  at  definite  points.  Repro- 
duction takes  place  by  simple  division  and  by  spore  for- 
mation. 

Subclass  1.  Rhizopoda.  Naked  or  shelled  Sarcodma, 
having  lobose  or  reticulate  pseudopodia.    The  young 
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may  be  flagellate  as  well  as  amoeboid,  and  are  produced 
by  multiple  division  of  the  active  cell  or  during  en- 
cystment.'  Included  among  Amcebina  are  naked  forms 
(Gymnamoebina)  with  both  free  and  parasitic  species, 
and  also  shelled  forms  (Thecamcebina)  only  free-living. 
Subclass  2.  Heliozoa.  Naked  or  shelled  Sarcodina, 
typically  spherical,  with  little  change  of  form  by  amoe- 
boid movements.  Pseudopodia  fine,  filiform,  radiating 
from  all  parts,  provided  with  a.xial  filament  and  rarely 
changeable,  exclusively  free-living  forms. 

Subclass  3.  Radiolaria.  Marine  Sarcodina  with  pseu- 
dopodia like  those  of  Heliozoa,  but  always  provided  with 
internal  chitinous  capsule  which  encloses  the  nuclei. 
Skeleton  of  aoanthin  or  silica  sometimes  absent.  A  very 
large  group  of  free-living  forms. 

Subclass  4.  Mycetozoa.  Terrestrial  saprophytic  or 
parasitic  forms,  also  known  as  Myxomycetes  or  slime 
moulds,  and  included  under  the  fungi  by  some  botanists. 
The  motile  amoeboid  or  flagellate  swarm  spores,  the  Plas- 
modia or  colonies  formed  by  the  fusion  of  numerous 
amoeboid  individuals,  and  the  holozoic  mode  of  nutrition 
are  characteristically  animal  features.  On  the  other 
hand,  the  production  of  spores  in  sporangia,  often  pro- 
vided with  stalks  and  other  plant-like  structures,  is 
taken  to  prove  the  plant  nature  of  these  forms.  All 
known  parasitic  forms  in  this  group  attack  plants. 

Class  II.  Mastigophora. — Protozoa  of  variable  form, 
naked  or  with  cell  membrane;  they  move  by  fiagella, 
which  vary  in  number  from  one  to  eight  on  each  cell.* 
Mouth,  contractile  vacuole,  and  definitely  formed  nu- 
cleus usually  present.  Small  forms  with  tendency  to 
formation  of  colonies. 

Subclass  1.  Flagellata.  Small  organisms  with  one  or 
more  flagella  at  anterior  end,  usually  actively  motile,  but 
capable  of  encystment.  Reproduction  by  longitudinal 
fission  of  free  form  or  by  multiple  division  in  encysted 
stage.     Rarely  transverse  fission  occurs. 

Subclass  2.  Dinoflagellata.  Naked  or  shelled  forms 
with  two  flagella,  one  qf  which  extends  out  from  the 
body,  while  the  other  is  wrapped  around  the  animal. 
No  parasitic  forms. 

Subclass  3.  Cystoflagellata.  Large  marine  forms  with 
parenchymatous  protoplasm  and  firm  membrane;  ma- 
rine; no  parasitic  forms. 

Class  III.  SpoTOZoc— Exclusively  parasitic  forms,  in 
the  adult  condition  without  flagella  or  cilia,  contractile 
vacuole,  and  opening  for  ingestion  of  solid  food.  Re- 
production always  by  spore  formation,  usually  within 
a  firm  membrane.  Alternation  of  generations  only  ex- 
ceptionally wanting.  The  young  forms  regularly  begin 
the  life  cycle  as  cell  parasites;  other  stages  may  be  the 
same,  or  tissue  or  organ  parasites. 

Subclass  I.  Telosporidia.— At  the  end  of  a  vegetative 
period  the  entire  cell  divides  into  sporocysts 

Order  L  Gregarinida.  Vegetative  stage-  intracellular 
at  first,  full-grown  organism  extracellular;  fertilization 
isogamous,  fertilized  forms  permanently  extracellular 
A  large  group  of  forms  parasitic  in  alimentary  and  bodv 
cavities  of  invertebrates. 

Order  2  Coccidiomorpha.  Vegetative  stage  perma- 
nently intracellular;  fertilization  anisogamous-  sexual 
generation  permanently  or  temporarily  intracellular. 
Many  of  the  most  important  protozoan  parasites  of  man 
fall  in  the  limits  of  this  group. 

Subclass  2.  Neosporidia.— Sporocysts  are  produced 
continually  and  at  the  expense  of  only  part  of  the  cell 
In  general  these  forms  are  not  well  known  ' 

Order  1.  Cnidosporidia.  The  spores  possess  one  or 
more  polar  capsules  which  contain  a  coiled  thread  like  a 
nematocyst.  The  sub-orders  are:  (1)  Myxosporidia, 
parasitic  m  water-inhabiting  vertebrates;  and  (2)  micro- 
spondia  in  certain  invertebrates  also.  Both  are  not  im- 
portant here. 

Order  2.  Sarcosporidia.  Parasitic  in  muscle  cells  of 
terrestrial  vertebrates,  probably  without  polar  capsule. 
Little  known,  but  important. 

ovtf  the'wSle'bX''  ^'''"''°"*^  l^^^  mli^agella,  distributed 
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Class  IV.  Infusoria. — Protozoa  with  motor  organs  in 
the  form  of  cilia,  whether  simple  or  united  into  mem- 
branes, membranella;,  or  cirri;  with  macro-  and  micro- 
nucleus  ;  reproduction  by  division  and  by  budding,  com- 
bined with  an  exchange  of  nuclear  matter  known  as. 
conjugation. 

Subclass  1.  Ciliata.  Cilia  persistent  except  when  en- 
cysted. Cytostome  usually  present.  Mostly  free  forms  ■ 
some  parasites  of  man  and  other  animals.  ' 

Subclass  2.  Suctoria.  Cilia  only  on  young  swarming 
stage.  Food  taken  in  by  special  sucking  tubes;  no  cyto- 
stome.    No  human  parasites. 

According  to  this  classification  the  forms  which  have 
been  reported  from  man  may  be  arranged  as  given  in 
the  following  list,  in  which,  however,  chiefly  those  species 
are  included  which  are  definitely  accepted.  Some  few 
doubtful  forms  of  special  significance  are  listed  here;  and 
still  others  are  referred  to  in  the  text  under  general  head- 
ings. 
Class  Sarcodina. 

Subclass  Rhizopoda. 
Order  Amcebina. 

Suborder  Gymnamoebina. 
Entamoeba  coli. 
Entamoeba  histolytica. 
Amoeba  Miurai. 
Leydenia  gemmipara. 
Class  Mastigophora. 

Subclass  Flagellata. 

Order  Protomonadina. 
Cercomonas  hominis. 
Monas  pyophila. 
Leishmania  Donovani. 
Leishmania  tropica. 
Trypanosoma  gambiense. 
Spiroschaudinnia  recurrentis. 
Spiroschaudinnia  Duttoni. 
Treponema  pallidum. 

Treponema  pertenuis.  ' 

Cystomonas  urinaria.  i 

Order  Polymastigina. 

Trichomonas  vaginalis. 
Trichomonas  intestinalis. 
Lamblia  duodenalis. 
Class  Sporozoa. 

Subclass  Telosporidia. 

Order  Coccidiomorpha. 
Suborder  Coccidia. 
Eimeria  Stiedae. 
Eimeria  hominis. 
Eimeria  bigemina. 
Suborder  Haemosporidia. 
Plasmodium  malarife. 
Plasmodium  vivax. 
Plasmodium  falciparum. 
Cylasterion  scarlatinale. 
Subclass  Neosporidia. 
Order  Sarcosporidia. 

Sarcocystis  Lindemanni. 
Order  Microsporidia. 
Cytoryctes  variola?. 
Rhinosporidium  Kinealyi. 
Class  Infusoria. 

Subclass  Ciliata. 

Order  Holotricha. 

Chilodon  dentatus. 
Order  Heterotricha. 
Nyctotherus  faba. 
Balantidium  coli. 
Balantidium  minutum. 
The  relation  of  the  Protozoa  to  disease  is  only  just 
beginning  to  be  investigated.     At  every  point  the  stu- 
dent is  met  by  the  gross  insufficiency  of  present  knowl- 
edge; a  host  of  isolated  observations  is  on  record.   Some 
are  clearly  wrong,  while  others  are  indicative  of  impor- 
tant discoveries,  though  the  presence  of  certain  organ- 
isms during  specific  diseases  needs  confirmation,  and 
equally  their  relation  to  the  inception  and  progress  of 
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the  malady.  New  methods  must  be  worked  out  for  the 
•culture  no  less  than  the  study  of  these  forms,  and  the 
same  sort  of  rigorous  analysis  is  demanded  in  demon- 
strating their  relation  to  disease  which  has  been  given 
to  bacteria.  It  seems  altogether  probable  that  they 
will  play  a  prominent  rnle  in  medical  investigation  in 
the  near  future,  but  in  the  present  state  of  our  knowledge 
any  review  of  the  group  must  necessarily  be  only  a  ten- 
tative one. 

The  class  of  Sarcodina,  or  sarcode  animals,  is  typically 
represented  by  the  common  free-living  amceba,  which 
has  its  parallel  in  the  white  blood  cells.  The  most  char- 
acteristic structural  feature  is  the  ability  to  protrude  a 
portion  of  the  body  substance  in  the  form  of  a  process 
or  pseudopodium  by  which  locomotion  is  achieved,  and 
also  the  food  particles  are  seized  and  engulfed.  The 
subdivision  of  the  class  rests  primarily  upon  the  precise 
■character  of  the  pseudopodia. 

Under  the  order  Amcebina  are  included  such  forms  as 
possess  lobose  pseudopodia.  and  the  sub-order  of  Gymn- 
amoebina  embraces  such  of  these  as  are  without  a  shell. 
All  the  human  parasites  which  fall  within  the  Sarcodina 
are  included  in  a  few  closely  related  genera  of  this  sub- 
order. While  the  structure  is  simple,  and  in  agreement 
with  that  of  the  simple  free-living  forms  of  the  group,  it 
is  impossible  to  demonstrate  that  this  is  not  the  result  of 
degeneration  from  more  highly  differentiated  forms  by 
virtue  of  the  parasitic  mode  of  existence.  The  parasitic 
species  are  most  probably  to  be  traced  back  to  slime- 
inhabiting,  free-living  forms,  a  transition  from  which  to 
"the  present  parasitic  existence  seems  most  immediate 
and  simple  in  physiological  adjustment. 

The  ordinary  method  of  reproduction  is  by  simple 
division,  recurring  at  frequent  intervals  and  conserving 
the  rapid  multiplication  of  the  species.  This  form  has 
long  been  known,  and  is  to  be  observed  frequently  in  all 
truly  independent  organisms  of  this  type.  Recent  in- 
-vestigations  have  disclosed  another  reproductive  type: 
under  definite  circumstances,  possibly  only  after  fusion 
of  individuals  or  some  exchange  of  nuclear  matter,  the 
amceba  forms  a  cyst  within  which  the  nucleus  undergoes 
multiple  division,  and  ultimately  the  protoplasm  ar- 
ranges itself  about  the  new  nuclei,  so  as  to  give  rise  to 
an  equal  number  of  small  amoeba'.  When  these  desert 
the  cyst  there  is  left  behind  a  residual  mass  of  proto- 
plasm. At  first  distinguishable  slightly  in  structure  as 
well  as  size,  the  small  amcebse  thus  produced  soon  grow 
to  the  size  and  appearance  of  the  adult.  The  occur- 
rence of  this  stage  in  the  life  cycle  has  not  yet  been  de- 
monstrated for  parasitic  amoebae,  except  very  recently 
for  Entamoeba  coli  and  E.  histolytica;  but  if  present  it 
may  well  be  related  to  the  spread  of  the  species  as  found 
in  the  change  of  hosts.  The  necessity  for  such  a  stage 
would  explain  the  ineffectual  attempts  which  have  been 
made  to  inoculate  new  hosts  by  direct  transference  of  the 
ordinary  parasitic  form. 

In  the  genus  Amoeba  the  separation  of  species  is  ex- 
ceedingly difficult  on  account  of  the  insignificant  feat- 
ures available  for  purposes  of  differentiation.  There  are 
those  who  lump  the  forms  found  in  man  with  such  as 
occur  in  other  mammals  under  a  single  species,  and 
there  are  also  those  who  contend  that  each  host  shelters 
a  distinct  parasitic  species,  and  bring  as  evidence  the 
individuality  of  parasitism  in  other  groups.  But  on  the 
other  hand  it  may  be  urged  that  the  amcebse  are  not 
highly  differentiated  as  parasites,  and  mere  difference  in 
host  animal  has  long  since  been  abandoned  as  a  distin- 
guishing mark  between  parasites  from  higher  classes, 
it  is  certain  that  no  positive  statement  can  be  made  until 
more  complete  information  is  obtained  regarding  the  life 
cycle  of  the  species.  At  present  no  one  can  affirm  that  a 
given  species  does  not  possess  a  free-living  generation  as 
well,  or  even  that  it  is  not  a  normal  free-living  form 
■which  under  favorable  circumstances  has  taken  up  the 
parasitic  mode  of  life;  in  which  case  it  should  be  re- 
garded as  a  mere  accidental  parasite.  Furthermore  of 
only  one  human  parasite  included  within  this  group  can 
it  be  said  positively  that  it  is  more  than  a  harmless  com- 


mensal. Although  facts  have  been  adduced  to  show 
that. others  also  play  a  pathogenic  role,  the  question  must 
still  be  regarded  as  at  least  an  open  one. 

Among  the  amoeboid  bodies  which  one  finds  in  nature 
and  in  cultures  many  are  only  developmental  stages 
rather  than  independent  organisms,  and  tlie  same  may 
well  be  true  of  some  of  the  parasitic  forms.     On  the 


Fig.  5194.—"  Amoeha  culU"  Stained  Preparation.   Magnlfled. 
Dofleln.)* 
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other  hand,  the  distinction  between  such  organisms  and 
various  structural  elements  of  the  human  body  is  often 
a  very  difficult  task,  and  some  of  the  purported  parasitic 
species  are  in  fact  referable  to  the  misinterpretation  of 
the  body  cells  referred  to  above. 

In  the  new  genus  Entamoeba  are  included  two  impor- 
tant human  parasites,  the  life  history  of  which  has  re- 
cently been  well  elucidated.  The  other  imperfectly 
known  species  are  left  in  the  old  collective  genus  Amceba, 
but  fuller  knowledge  may  result  in  the  transfer  of  some 
or  all  to  this  same  or  other  new  genera  according  to  the 
facts  ascertained  regarding  the  life  history  of  the  indi- 
vidual forms. 

Entamoeba  coli  (Losch  1875). — (Syn.:  Amceba  coli 
Losch  1875;  [?]  Amoeba  dysenterice  Councilman  and  La- 
fleur  1891 ;  Entamoeba  hominis  Casagrandi  e  Barbagallo 
1897;  Entamoeba  coli  Schaudinn  1903). 

Form  oval  or  pyriform  (Fig.  5194);  diameter  from 
0.0075  to  0.05  mm.;  nucleus  distinct  in  life,  spherical, 
0.002,  usually  0.003-0.007  mm.  in  diameter,  with  heavy 
nuclear  membrane  and  many  small  nucleoli.  Ectosarc 
not  distinct  save  in  pseudopodia,  where  it  is  conspicu- 
ous, everywhere  less  refractive  than  endoplasm.     Pseu- 


FiG.  5195.— "  XmcBba  coK,"  in  Intestinal  Mucus.   Magnified.    (From 
Braun  alter  LOsch.)* 

dopodia  rare,  usually  one  or  two,  broadly  lobed  and 
heavy  (Fig.  5195).  Endosarc  finely  granular,  with  one 
or  several  non-contractile  vacuoles,  and  many  objects 
ingested   as   food;    such   are   leucocytes,   erythrocytes, 

*  In  advance  of  the  appearance  of  Schaudinn's  figures  it  did  not 
seem  advisable  to  do  more  than  quote  the  name  given  in  the  original 
Irom  which  these  cuts  were  taken. 
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eosinophilia,  bacteria,  starch  granules,  faecal  particles, 
epithelial  cells,  etc.  (Fig.  5196).  The  digestion  of-  ery- 
throcytes is  accomplished  without  excretion  of  any  pig- 
ment masses. 

Reproduction  in  the  human  intestine  by  simple  divi- 
sion and  by  schizogony,  with  the  formation  normally  of 
eight  daughter  cells.  In  fission  the  nucleus  undergoes 
amitotic  division,  while  in  schizogony  complicated  nu- 
clear changes  are  seen  with  the  ehmination  of  a  portion 
of  the  chromatic  substance.  As  a  preliminary  step  to 
encystment  all  foreign  bodies  are  extruded  from  the  pro- 
toplasm, which  thus  becomes  clear  and  transparent. 
These  cysts,  first  discovered  by  Grassi,  were  carefully 
studied  by  Casagrandi  and  Barbagallo.  They  constitute 
the  means  of  transmitting  infection,  as  has  been  deter- 
mined experimentally,  first  by  Calandruccio  who  swal- 
lowed such  encysted  forms  and  found  the  developed 
amcebse  twelve  days  later  in  the  faeces.  The  normal  seat 
of  this  species  is  the  upper  region  of  the  colon,  and  the 
vegetative  forms  appear  in  the  faeces  only  when  the  lat- 
ter are  semi-fluid  by  reason  of  disease  or  of  the  admin- 
istration of  medicaments.  The  cysts  which  are  so  char- 
acteristic as  to  be  confused  with  nothing  in  the  faeces 
are  capable  of  further  development  only  when  they  con- 
tain eight  nuclei.  Other  cysts  have  been  determined 
experimentally  by  Schaudinn  to  be  incapable  of  develop- 
ment, even  though  they  actually  constitute  the  major 


Fig.  S1S6.—"  Amce,ba  coK,"from  Dysenteric  Intestine,  more  or  less 
filled  with  Erythrocytes ;  Nucleus  also  yisible.  Magnified.  (From 
Dofleinand  Eoemer.)* 

part  (eighty  per  cent.)  of  those  evacuated.  In  old  dry 
faecal  ma,tter  only  the  forms  with  eight  nuclei  are  pres- 
ent, and  in  the  colon  of  the  next  host  eight  small  amcBbte 
are  formed  by  division  of  the  protoplasm  and  emerge 
to  begin  a  new  infection  and  a  new  vegetative  period. 

This  species  occurred  in  East  Prussia  in  fifty  per  cent, 
of  the  cases  examined;  in  Berlin  the  number  found  in- 
fected was  1  :  5,  and  on  the  Adriatic  coast  2  : 3.  The 
exact  distribution  of  this  species  has  not  been  further 
worked  out,  though  the  numerous  reports  lead  one  to 
believe  that  it  is  a  cosmopolitan  species. 

Grassi  was  the  first  to  identify  the  species  from  the 
normal  human  canal,  and  Schuberg  confirmed  this  by  a 
considerable  series  of  cases.  Casagrandi  and  Barbagallo 
demonstrated  conclusively  that  it  does  not  possess  path- 
ological characteristics,  and  quite  recently  Schaudinn 
in  an  exceedingly  extensive  and  careful  investigation 
showed  the  existence  of  two  very  similar  species,  hither- 
to generally  confused,  one  of  which,  that  under  consider- 
a,tion,  IS  a  harmless  commensal,  and  the  other,  to  be  con- 
sidered next,  a  dangerous  parasite.  The  first  lives  in  the 
human  host  m  health  and  is  widely  distributed-  it  mul- 
tiplies excessively  in  various  intestinal  disturbances,  and 
IS  brought  to  the  exterior  in  fascal  matter  by  any  con- 
ditions which  produce  fluid  or  semi-fiuid  discharges  from 
the  canal.  It  can  indeed  coexist  with  the  following  spe- 
cies, which  IS  pathological  in  the  extreme.  The  present 
species  was  first  carefully  studied  by  Casagrandi  and 
Barbagallo,  and  is  easily  recognized  from  their  account 
In  the  niajority  of  cases  reported,  however,  it  is  difficult 
to  say  which  form  was  under  examination,  although  it  is 
probable  that  in  many  of  them  both  species  were  studied 
and  the  description  contains  features  characteristic  of 


*In  advance  of  the  appearance  of  Schaudlnn's  figures  it  did  not 
seem  advisable  to  do  more  than  quote  the  name  given  In  the  orieiSal 
from  which  these  cuts  were  talseu.  ungiuai 
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both.  This  is  the  case  with  the  full  and  valuable  ac- 
count given  in  Vol.  I.  of  the  Handbook.  (See  Amoeba 
coli.)  To  this  admirable  review  of  the  subject  have  been 
added  here  only  such  features  as  aid  in  distinguishing  the 
two  recently  differentiated  species. 

After  extended  study  on  abundant  material  in  Manila 
Strong  says  he  is  not  prepared  to  speak  with  certainty  as 
to  the  entire  non-pathogenic  character  of  the  so-called 
Entamoeba  coli,  even  though  there  are  obvious  reasons 
for  supposing  that  Entamoeba  histolytica  is  the  more 
harmful  species  for  man.  Musgrave  and  others  go  fur- 
ther ih  maintaining  that  all  intestinal  amoebae  are  or  may 
become  pathogenic,  and  that  the  presence  of  amceba  in. 
stools  is  absolutely  diagnostic  of  infection  of  the  colon. 
The  weight  of  evidence  at  present  is  against  this  view, 
and  very  recently  Vedder  in  a  discussion  of  the  work 
done  by  Musgrave  and  Clegg  considers  in  detail  their 
arguments,  maintaining  positively  the  specific  independ- 
dence  of  the  forms  and  pointing  out  what  he  regards  as 
the  fallacies  in  their  conclusions.  He  emphasizes  again 
the  points  of  difference  as  given  in  the  following  table: 


Motility  . 


Endosarc  and  ecto- 
tosarc. 


Blood  cells  within 
structure. 


Nucleus  . 


Bntamaiba  coli. 


The  life  cycle. 


Pathogenicity  . . 


By  comparison  in 
same  stool  the  E, 
histolytica  is  more 
active. 

Both  endosarc  and  ec- 
tosarc  are  less  coarse 
than  in  the  E.  histo- 
lytica. 

No  blood  cells  have 
been  noted  within 
the  structure  of  this 
species. 

The  picture  is  almost 
the  complete  oppo- 
site of  that  oiE.  his- 
tolytica. 


Reproduction  (o)  by 
simple  fission;  (6) 
by  encystment  with 
the  formation  of 
eight  small  amcebs. 
In  the  encysted  form 
the  parasites  gain  en- 
entrance  to  intestine 
protected  against  ac- 
tion of  gastric  juices; 
the  adult  forms  are 
unable  to  infect. 


Found  frequently  in 
healthy  individuals 
through  long  periods 
without  symptoms. 


EntartKEha  histolytica. 


By  comparison  in 
same  stool  the  £. 
coli  is  more  sluggish. 

Both  endosarc  and  ec- 
tosarc  are  more  gran- 
ular and  coarser  than 
E.  coli. 
Red  bipod  cells  are 
found  in  this  species, 
showing  its  partiality 
to  these  organic  ele- 
ments. 
The  nucleus  is  always 
eccentric,  the  shape 
round,  of  small  size, 
or  not  visible,  the 
chromatin  small  in 
amount,  and  the  nu- 
clear membrane  dis- 
tinct. 
Reproduction  (a)  by 
simple  fission;  (6)  by 
sporulation,  a  proc- 
ess totally  diflferent 
from  encystment, 
which,  apparently, 
does  not  occur  in  E, 
histolytica. 
Schaudinn  and  Crai^ 
claim  that  these 
spores  are  capable  of 
causing  intestinal 
symptoms  and  le- 
sions. 
The  spores  of  thi? 
species  have  been 
shown  by  Schaudinn 
to  cause  intestinal- 
lesions. 


■  Until  these  facts,  and  especially  the  characteristic  feat- 
ures of  the  life  cycle,  are  shown  to  be  incorrect  the  species 
established  by  Schaudinn  must  stand.  These  may  be 
characterized  as  follows : 

Entamoeba  histolytica  Schaudinn  1903.  (Syn.;  [?} 
Amoeba  dysenterioe  Councilman  and  Lafleur  1891.) 

In  many  general  features  like  E.  coli,  often  occurring 
together  with  the  latter,  and  beretofore  generally  con- 
fused with  it,  yet  distinguishable  by  the  following  feat- 
ures: Ectoplasm  well  developed  and  present  as  distinct 
plasma  zone,  more  highly  refractive  than  the  endoplasm, 
viscous  in  consistence  and  glass-like  in  appearance.  Nu- 
cleus rarely  visible  in  life,  almost  homogeneous;  little 
refractive,  poor  in  chromatin,  usually  with  a  single  nu- 
cleolus in  centre,  and  with  very  delicate  nuclear  mem- 
brane, if  indeed  any  is  present.  Reproduction  by  divi- 
sion and  budding,  the  latter  often  multiple,  and  both 
following  amitotic  nuclear  division.  Cysts  with  eight- 
daughter  cells  never  found.  Resting  stages  are  formed 
when  the  fasces  gro-w  firmer ;  the  progress  of  their  format 
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tion  begins  by  the  rejection  of  cliromatin  from  the  nu- 
cleus until  the  entire  plasma  is  filled  with  chromatin 
masses,  and  the  nucleus  itself  degenerates  and  is  absorbed 
or  thrown  out.  The  chromatin  masses  collect  in  the  per- 
ipheral zone  of  the  plasma  and  come  to  lie  in  eetoplas- 
mic  hillocks,  which  develop  to  free  spherules  on  the 
surface  of  the  cell.  These  structures  measure  only  0.003- 
0.007  mm.  in  diameter,  and  soon  acquire  a  yellowish- 
brown  membrane  and  a  highly  refractive  semi-opaque 
appearance.  The  remainder  of  the  amoeba  goes  to  pieces. 
Schaudinn  was  able  experimentally  to  evoke  a  severe 
dysentery  by  feeding  these  spores  to  cats,  and  maintains 
on  good  grounds  that  svich  spores  constitute  the  only 
means  of  producing  a  new  infection  normally.  Injec- 
tions per  anum  of  the  vegetative  form  alone  produced  a 
typical  case  of  the  disease,  as  Jiirgens  showed  first. 

Craig  has  confirmed  and  amplified  somewhat  these 
morphological  features  which  distinguish  the  two  species, 
but  Musgrave  and  Clegg  (1906)  question  the  correctness 
of  many  of  these  data  and  hold  that  the  time  has  not  yet 
arrived  for  a  consistent  differentiation  of  species  among 
intestinal  amoeba?. 

While  E.  coli  has  no  power  to  penetrate  the  healthy 
epithelium,  E.  histolytica  is  able  to  enter  anywhere  and 
force  its  way  through.  In  this  process  the  amcsbse  push 
the  cells  apart,  and  even  force  them  free  from  the  layer. 
These  features  were  first  described  correctly  by  Jiirgens, 
who  gave  a  full  and  accurate  account  of  this  species. 
His  discoveries  on  the  cat  have  been  confirmed  by  the 
observations  of  Schaudinn  on  man  also.  The  amoeba? 
were  found  in  sound  regions  of  the  mucosa  in  the  glands 
of  Lieberkuhn,  and  could  be  followed  on  into  the  submu- 
•cosa.  Undermining  of  the  mucosa  and  abscess  formation 
follow  in  later  stages  of  the  malady.  These  investiga- 
tions demonstrate  clearly  that  E.  histolytica  is  a  true 
tissue  parasite,  like  the  Myxosporidia,  and  indeed  the 
most  dangerous  of  all  Protozoa  yet  known,  and  that  it 
is  the  cause  of  ulcerous  amoebic  enteritis. 

Jurgens  is  the  only  author  who  in  the  opinion  of 
Schaudinn  has  characterized  this  species  in  recognizable 
form,  although  the  species  was  probably  before  many 
authors,  who  were  unable  to  differentiate  it  clearly  from 
the  other  species,  E.  coli,  with  which  it  was  certainly  as- 
sociated in  some  cases  reported. 

The  material  from  which  the  pathological  species  was 
obtained  by  Schaudinn  came  from  a  limited  number  of 
cases  of  tropical  dysentery  acquired  in  Egypt,  China,  and 
Siam.  The  real  geographical  distribution  of  the  species 
is  thus  evidently  but  imperfectly  known. 

An  amoebic  dysentery  is  endemic  in  India,  Egypt,  the 
Philippine  Islands,  Brazil,  and  even  the  southern  United 
Stat^es,  while  sporadic  cases  and  even  occasional  epidem- 
ics occur  as  far  north  as  New  England  and  East  Prussia. 
That  the  disease  is  caused  by  Entamceba  histolytica  is  a 
mere  conjecture  in  the  absence  of  precise  studies  on  the 
particular  organism  in  each  locality.  In  Manila  the 
water  supply  constitutes  the  greatest  source  of  infection, 
and  Musgrave's  experimental  infection  of  monkeys  with 
amcebse  from  cultures  made  from  the  city  water  demon- 
strated that  some  of  the  amoebae  found  in  the  water  are 
pathogenic,  and  probably  of  this  species  from  the  char- 
acter of  the  disease  and  its  lesions. 

It  is  difficult  to  pass  satisfactorily  upon  the  specific 
character  of  the  forms  hitherto  observed  in  the  United 
States,  and  only  two  references  will  be  made.  The  ob- 
servations of  Craig  {Medical  News,  March  16th,  1901) 
seem  to  have  been  made  on  Entamoeba  coli  of  Schaudinn, 
in  which  the  former  described  as  "oval  spots"  the  forma- 
tion of  the  encysted  daughter  cells  already  well  known 
from  the  work  of  Casagrandi  and  Barbagallo.  The  splen- 
did monograph  of  Councilman  and  Lafleur  m  my  opinion 
deals  unmistakably  with  E.  histolytica  of  Schaudinn. 
The  description  of  the  amoeba;  is  very  detailed  and  pre- 
cise, and  apparently  agrees  minutely  with  the  charac- 
ters, such  as  the  form,  appearance,  and  position  of  the 
nucleus,  advanced  by  Schaudinn  to  separate  the  patho- 
genic E.  histolytica  from  the  harmless  E.  coli.  ihe  ab- 
sence of  any  reference  by  such  careful  observers  to  the 


formation  of  cysts,  which  is  easily  observed  in  E.  coli, 
must  be  regarded  as  confirmative  evidence  of  the  pres- 
ence of  the  other  species.  If  this  opinion  with  regard  to 
the  identity  of  the  forms  proves  to  be  correct,  the  specific 
name  given  by  Councilman  and  Lafleur  will  have  to  be 
used  in  preference  to  the  later  name  given  by  Schaudinn, 
and  the  species  will  be  known  as  E.  dysenterice  (Council- 
man and  Lafleur  1891).  Although  illustrated  by  very 
inadequate  figures,  the  pathological  lesions  caused  by 
this  species  are  described  by  these  authors  with  great 
fulness  and  care,  and  anticipate  very  largely  the  work  of 
Jurgens,  to  wliich  Schaudinn  accords  such  well-merited 
praise.  On  the  other  hand,  Lafleur  stated  in  a  later 
paper  that  no  clear  morphological  distinction  had  been 
discovered  between  amoebae  from  stools  of  healthy  and 
of  dysenteric  individuals.  In  personal  discussion  Schau- 
dinn stated  to  the  writer  that  after  extended  and  most 
careful  study  of  their  description  and  figures  he  was  un- 
able to  find  the  characteristic  features  which  would  in- 
dicate that  Councilman  and  Lafleur  had  before  them 
Entamceba  histolytica.  If  these  statements  are  accepted, 
the  specific  name  dysenterice  is  inadmissible. 

Entamceba  undulans  Castellani  1905  was  discovered  in 
a  case  of  chronic  dysentery  in  Ceylon,  in  company  with 
Entam,oeba  histolytica  and  Trichomonas  intcstinalis.  It 
was  oval  or  spheroidal,  25  to  30  ft  in  diameter,  and 
emitted  periodically  a  single  narrow  elongated  pseudopo- 
dium  which  ,was  soon  retracted.  No  flagella  were  present, 
but  an  undulating  membrane  in  constant  rapid  motion 
spanned  obliquely  the  length  of  the  body.  Although 
larger  than  either  of  the  other  parasitic  protozoans  pres- 
ent, this  may  have  been  an  involution  form.  In  any 
event  it  does  not  fall  within  the  genus  Entamoeba  as  at 
present  defined. 

Paramceba  hominis  Craig  1906  is  a  form  reported  from 
natives  of  the  Philippine  Islands.  The  amoeboid  stage 
is  15  to  25  fi  in  diameter,  with  distinct  ectoplasm,  endo- 
plasm,  and  nucleus;  later  it  develops  a  refractive,  hya- 
line, doubly  contoured  cyst  wall  within  which  many 
small  spherules  are  formed.  After  they  are  hberated  by 
rupture  of  the  cyst,  they  move  actively  by  means  of  a 
long  delicate  flagellum.  The  further  life  history  is  con- 
jectural. Craig  is  not  able  to  say  whether  this  form  is 
pathogenic  or  not. 

The  following  forms  included  under  the  generic  name 
Amoeba  are  classified  thus  rather  tentatively,  as  our 
knowledge  of  the  life  history  at  least  is  too  limited  to 
allow  of  greater  precision.  Probably  some  at  least  are 
related  to  the  species  just  described,  if  not  identical  with 
them. 

Amoeba  Miurai  Ijima  1898. — Normally  isolated  indi- 
viduals (Fig.  5197),  adhering  in  conglomerate-like  clus- 
ters only  when  dead  or  dying.     Living  specimens,  spher- 


FiG.  5197.—"  Amoeba  Miurai.    u.  Living ;  J),  Irom  specimen  pre- 
served in  acetic  acid.    X  500.    (Alter  Ijima.) 

ical  or  ellipsoidal,  having  at  one  pole  a  small  rounded 
protuberance  or  villous  knob,  which  is  closely  set  with 
fine  pseudopodia.  Diameter  0.015-0.038  mm.  Villous 
knob  papilliform  or  hemispherical,  0.01  mm.  in  diameter 
at  base,  but  capable  of  entire  retraction  at  times,  or  the 
fine  pseudopodia  may  be  entirely  withdrawn.  Nucleus 
round,  oval,  or  reniform,  0.008-0.015  mm.  in  diameter, 
two  or  three  being  found  in  the  single  cell  as  often  as 
one.  Ectoplasm  visible  only  in  villous  knob ;  endoplasm 
finely  granular  with  one  to  several  conspicuous  non-con- 
tractile vacuoles  and  minute  oil-like  corpuscles. 

This  form  was  found  by  Miura  and  described  by  Ijima. 
It  occurred  in  the  serous  fluid  accumulation  of  perito- 
neal and  pleural  cavities  in  a  woman,  twenty-six  years 
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old,  who  died  from  peritonitis  and  pleuritis  endotheho- 
matosa.  The  amcebiE  were  absent  at  first  from  the  faeces, 
but  made  their  appearance  two  days  before  the  patient  s 
death,  concomitantly  with  hemorrhage  m  the  mtestme. 
Living  and  dead  individuals  were  found  together  m  the 
freshest  serous  fluid  under  rigid  precautions  agamst  in- 
jurious influences,  and  this  is  regarded  by  Ijima  as  evi- 
dence of  the  abnormal  occurrence  of  the  parasrte.  it  has 
not  been  reported  since  then,  and  is  explained  by  soine 
authors  on  the  basis  that  the  supposed  amoebse  were  only 
"  exudate  cells. "     Luhe  states  that  this  is  unquestionably 

th6  C3S6 

A  considerable  number  of  so-called  amceba?  have  been 
reported  from  various  organs  in  man,  and  usually  patho- 
genic characteristics  have  been  attributed  to  them.  They 
are  known  mostly  from  single  records  of  their  occur- 
rence, and  often  lack  both  name  and  recognizable 
description.  It  has  been  suggested  that  they  are  commen- 
sals, and  of  secondary  importance.  It  is  equally  prob- 
able that  some  at  least  are  occasional  or  accidental  para- 
sites, and  devoid  of  general  importance  in  human 
pathology.  Owing  to  the  general  uniformity  of  structure 
in  this  group  all  but  the  most  careful  descriptions  are 
worthless  for  future  study  and  comparison  with  other 
species.  A  few  of  the  best  accounts  of  these  uncertain 
forms  are  noted  here  for  reference. 

Amceba  Kartulisi  Doflein  1901.— Diameter  0.03-0.038 
mm.  without  distinct  ectosarc  and  endosarc.  Plasma 
coarsely  granular,  with  very  small  nucleus  (or  nucleo- 
lus?), demonstrable  only  by  staining.  Movement  more 
rapid  than  in  Entamceha  coli.  Usually  only  one  or  a 
few  pseudopodia,  long,  digitate,  and  rapid  in  formation. 
Reproduction  not  observed. 

This  species  was  found  by  Kartulis  in  Alexandria, 
where  it  occurred  in  an  Arabian,  in  a  tumor  the  size  of 
an  orange,  on  the  right  mandible.  In  the  thick  pus  and 
on  fragments  of  extracted  bone  the  amoebae  occurred  to- 
gether with  numerous  bacteria.  They  had  been  feeding 
on  blood  and  gus  corpuscles.  Although  apparently  dis- 
tinct from  Entamoeba  coli,  Doflein  inclines  to  regard  their 
connection  as  not  impossible,  and  views  as  even  more 
probable  this  interpretation  of  the  amoebae  from  an  ab- 
scess in  the  oral  cavity  reported  by  Flexner.  These  were 
described  as  larger  than  leucocj'tes,  with  granular  vacuo- 
lated plasma  and  a  nucleus  demonstrable  only  with  some 
uncertainty.  Although  in  both  these  cases  the  presence 
of  Entamceba  coli  in  the  host  had  not  been  shown  by  any 
antecedent  dysentery  or  faecal  examination,  it  has  al- 
ready been  stated  that  this  species  may  be  present  in  the 
normal  intestine,  and  its  occurrence  outside  the  canal  in 
abscesses  is  abundantly  demonstrated  by  other  cases. 
It  is  less  probable  this  form  may  have  been  Entamoeba 
histolytica,  though  the  description  is  not  distinctive,  as 
the  absence  of  lesions  in  the  canal  can  hardly  be  explained 
if  the  pathogenic  species  was  present. 

Another  record  by  Verdun  and  Bruyant  (1907)  of 
Amoeba  coli  from  malar  abscesses  in  man  strengthens  the 
view  that  Kartulis's  case  also  concerned  Entamoeba  coli. 

Amceba  urogenitalis  Baelz  1883. — Diameter  0.022-0.05 
mm.  Plasma  coarsely  granular,  containing  one  or 
several  nuclei,  excretory  products,  and  erythrocytes. 
Movement  slow,  by  formation  of  short  pseudopodia. 
Encysted  forms  possibly  occur. 

Originally  found  in  numbers  in  the  bloody  urine  and 
vaginal  mucus  of  a  Japanese  woman,  twenty-tliree  years 
old,  who  shortly  before  her  demise  from  tuberculosis 
manifested  ha?maturia  with  strong  cystic  tenesmus,  (C/. 
Vol.  I.,  p.  233,  Handbook.)  Similar  cases  have  been 
reported  by  many  authors.  In  Jiirgens's  case  chronic 
cystitis  was  associated  with  small  mucous  cysts  filled  with 
amoebas;  these  were  also  present  in  the  entire  vagina. 
The  descriptions  are  scanty  and  do  not  render  a  differen- 
tiation between  these  forms  and  Entamceba  coli  and  E. 
histolytica,  either  structurally  or  clinically  easy  at  pres- 
ent. Pathogenic  characteristics  are  certainly  not  dis- 
tinctly shown,  and  in  so  far  this  case  belongs  more  prob- 
ably to  E.  coli  if  to  either.  Better  knowledge  of  the 
species  and  more  careful  examination  of  the  reports  of 


previous  observers  may  make  it  possible  to  refer  some 
such  cases  to  a  definite  species;  but  many  will  always 
remain  uncertain. 

Amceba  buccalis  Sternberg  1862;  Amoeba  dentalis  Grassi 
1879;  Amceba  gingivalis  Grassi  1849. — All  these  species 
were  discovered  in  tartar  scraped  from  the  surface  of 
human  teeth.  They  have  not  been  reported  a  second 
time,  and  Celli  and  Fiocca  state  specifically  that  they 
have  failed  to  find  amoeboid  organisms  in  the  oral  cavity. 


Fig.  5198.— ie{/dento  gemmipara ;  a,  at  rest;   h.  In  movement, 
Magnifled.    From  Doflein  and  Schaudinn.) 

Grassi  himself  suggested  the  possibility  of  confusion  with 
salivary  corpuscles. 

Amoeba  pzilmonalis  Artault  1898. — In  an  examination 
of  the  contents  of  a  large  pulmonary  cavity  a  small  num- 
ber of  amoebae  were  found  among  the  leucocytes,  which 
were  distinguishable  by  firm  contour,  much  finer  and 
more  uniform  granulation,  and  a  distinct  nucleus  or 
vacuole.  In  appearance  like  the  epithelial  cells  found  in 
sputum,  they  manifested  changes  in  form  and  position 
through  the  slow  formation  of  pseudopodia.  They  were 
also  more  highly  refractive,  and  resisted  methylene  blue 
or  fuchsin  longer  than  leucocytes,  but  when  preserved 
they  stained  readily  and  were  indistinguishable  from  the 
latter.  Despite  the  conjectures  of  the  discoverer  their 
real  nature  remains  entirely  unknown. 

Leydenia  gemmipara  Schaudinn  1896. — Irregularly 
spherical  or  polygonal  in  form  when  resting  (Fig.  5198, 
a),  surface  with  prominent  verrucosities.  Ectosarc  and 
endosarc  not  distinctly  limited,  but  pseudopodia  more 
hyaline  than  the  opaque  body  with  numerous  highly  re- 
fractive yellowish  granules.  Diameter  of  body,  0.003- 
0.036  mm.  Nucleus  single,  spherical,  distinct  in  life,  and 
in  the  preserved  specimen  regularly  one-fifth  the  diame- 
ter of  the  body;  movement  very  slow,  produced  by  for- 
mation of  a  broad,  hyaline  lamella  at  the  anterior  mar- 
gin; streams  of  granular  endosarc  extend  to  the  margin 
of  this  lamella  (Fig.  5198,  6),  and  may  even  project  be- 
yond it  as  pointed  pseudopodia.  The  endoplasm  con- 
tains granules,  crystalline  bodies,  interpreted  as  excre- 
tory, and  numerous  vacuoles  which  increase  in  size 
toward  the  centre.  A  pulsating  vacuole  is  present  and 
contracts  at  intervals  of  about  fifteen  minutes. 

Two  or  more  individuals  freqiiently  unite  without 
fusion  of  the  nuclei,  and  Plasmodia  are  formed  by  the 
union  of  many  single  individuals.  Both  division  and 
gemmation  occur.  In  the  former  the  size  of  the  result- 
ing amceba;  may  be  very  different,  but  is  always  propor- 
tional to  the  size  of  the  nuclei  (5  :  1).  The  nucleus 
divides  directly,  and  the  bud  which  originates  as  a  pro- 
tuberance from  the  surface  of  the  amoeba  gradually 
works  free  and  becomes  an  independent  individual,  which 
may  at  once  undergo  multiple  division,  giving  rise  to  a 
mass  of  small  spore-like  forms  (Fig.  5199). 

Many  years  ago  Lieberkiihn  observed  in  ascites  fluid 
associated  with  malignant  tumors  peculiar  cells;  and 
similar  structures  were  seen  later  by  others.  In  1896 
Leyden  and  Schaudinn,  on  the  basis  of  an  exact  investi- 
gation of  these  bodies  in  a  particular  case,  determined 
them  as  a  new  parasitic  rhizopod.  Leyden  had  found 
them  in  the  ascitic  fluid  of  two  patients  in  whom  positive 
evidence  of  gastric  carcinoma  and  of  tumors  in  the  peri- 
toneal cavity  was  furnished.  The  amoeba?  appeared  in 
numbers  in  fluid  drawn  off  from  the  cavity,  and  could 
be  kept  alive  in  fluid  preserved  several  days  under  asep- 
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tic  conditions.  Schaudinn  studied  the  amceba?  carefully 
and  pronounced  them  to  be  unmistakably  parasitic 
forms.  Some  later  critics  have  inclined  to  reject  this 
view,  and  regard  them  as  descendants  of  the  human 
tissue  cells  or  pathological  neoplasms.  L.  Pfeiffer  espe- 
cially has  maintained  that  similar  large  amoeboid  cells 
("exudate  cells")  occur  in  variola,  vaccinia,  varicella, 
herpes  zoster,  etc.,  and  yet  the  contractile  vacuole,  pe- 
culiar nuclear  structure,  and  reproductive  processes  of 
Leydenia  indicate  unmistakably  an  independent  organ- 
ism, as  well  as  many  other  features  in  which  it  resembles 
various  related  free-living  forms.  Originally  Leyden 
and  Schaudinn  were  inclined  to  connect  this  form  with 


Fig.  5W9.— Leydenia  gemmipara.  a,  h,  c.  Young  individuals 
formed  by  gemmation,  n,  Nucleus.  Magnlfled.  (from  Dofleiu 
after  Scbaudlnu.) 

carcinoma,  but  expressed  no  positive  opinion  on  this 
point.  Unfortunately  it  has  not  been  studied  by  sub- 
sequent investigators,  and  in  fact  has  been  found  but 
twice  since  then,  although  often  sought  for  under  similar 
circumstances.  Schaudinn  later  advanced  the  view  that 
this  form  is  probably  an  accidental  commensal. 

As  an  appendix  to  the  Sarcodina  may  be  included 
certain  bodies  described  in  1903  by  Negri  as  found  in 
the  nervous  system  of  animals  which  had  died  of  hydro- 
phobia. They  measure  usually  from  4  to  10  ^  in  diame- 
ter, but  vary  from  the  limits  of  visibility  to  25  /(.  They 
are  generally  round  or  oval,  though  at  times  irregular, 
and  manifest  a  distinct  internal  structure.  Annular 
forms  and  rosettes  are  frequently  seen.  These  structures 
are  generally  designated  Negri  bodies.  They  occur 
singly  or  by  two  or  three  in  the  protoplasm  of  nerve 
cells,  being  most  numerous  and  largest  in  the  hippocam- 
pus major.  Purkinje  cells  of  the  cerebellum,  pyramidal 
cells  of  the  cortex,  and  cells  of  the  pons,  cord,  spinal 
and  gasserian  ganglia  are  also  infected.  They  have  been 
found  in  dogs,  cats,  rabbits,  and  man,  both  in  natural 
and  experimental  rabies,  and  do  not  occur  under  any 
other  known  conditions.  Nevertheless  their  apparent 
absence  occasionally  in  cases  of  undoubted  rabies  is  ac- 
knowledged even  by  Negri,  who  attributed  the  fact  to 
anomalous  distribution  of  the  organisms.  The  bodies 
appear  in  the  nerve  cells  from  one  to  three  days  before 
the  outbreak  of  the  disease. 

Efforts  made  to  arrange  the  various  forms  in  a  cycle 
have  met  with  scant  approval,  and  it  has  been  shown 
that  the  virus  passes  through  a  Berkefeld  filter  No.  5, 
indicating  an  ultra-microscopic  size  for  one  stage  at  least. 
Some  view  these  structures  as  degeneration  products, 
but  the  original  views  of  Negri  that  they  are  Protozoa, 
and  also  true  etiological  factors  of  rabies,  are  gaining 
ground  with  further  study.  They  are  clearly  specific 
for  this  disease,  and  as  such  of  great  diagnostic  impor- 
tance. The  time  is  not  ripe  for  assigning  them  a  very 
definite  place.  However,  A.  W.  Williams  has  recently 
reported  the  occurrence  in  the  Negri  bodies  of  definite 
chromatoid  granules  or  chromidia.  The  type  and  his- 
tory of  these  structures  seem  to  indicate  according  to 
Calkins  that  the  Negri  bodies  should  be  classified  as 
Rhizopoda. 

This  form,  which  has  received  the  name  of  Neuroryctes 
hydrophobice  Williams  1906,  furnishes  important  evidence 
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on  the  character  and  relationship  of  the  smallpox  para- 
site, Cytorycies  variola.  In  his  most  recent  publication, 
Calkins  interprets  the  latter  also  as  a  rhizopod  in  which 
only  the  asexual  or  negative  phase  of  the  life  history  is 
known.  This  is  characterized  by  the  development  of 
the  chromidium  and  the  formation  of  small  reproductive 
spores  (gemmules)  which  repeat  the  cytoplasmic  cycle. 
The  intranuclear  forms  belong  probably  to  the  sexual 
cycle  and  may  be  a  different  cycle  of  the  organism  occur- 
ring in  variola  antl  not  in  vaccinia.  The  vesicular  forms 
may  be  either  poorly  fixed  organisms  or  degeneration 
forms. 

In  the  closely  allied  family  of  Cytoryctidte  which 
includes  among  others  the  organisms  of  smallpox,  the 
parasites  are  similar  in  a  general  way  but  go  through 
a  more  complicated  life  cycle.  The  organisms  in  this 
family  produce  each  but  a  single  pansporoblast  which  is 
without  a  membrane,  and  nuclei  are  apparently  want- 
ing. This  family  represents  the  lowest  of  the  Sporozoa- 
and  contains  several  genera;  the  only  one  of  importance 
here  being  Cytoryotes,  the  cause  of  variola.  As  our 
knowledge  is  incomplete  as  yet,  it  may  be  proper  to  de- 
part from  the  usual  form  of  this  article  and  present  a, 
summary  of  the  brilliant  researches  of  Calkins,  made  in 
conjunction  with  the  important  studies  of  Councilman 
and  his  associates  at  the  Harvard  Medical  School.  The 
vaccine  bodies  had  been  seen  and  variously  interpreted 
by  many  observers  before  the  date  of  Councilman's 
work ;  but  no  clear  association  in  a  life  cycle  of  the  stages 
observed  had  been  offered. 

Cytoryotes  variolce  Guarnieri  1892. — The  first  develop- 
ment of  the  organisms  in  the  host  is  unknown,  but 
probably  similar  to  the  known  gemmule  formation,  as 
Calkins  calls  it.  From  the  seat  of  primary  infection, 
these  gemmules  (schizonts)  are  probably  carried  in  the 
blood  to  the  skin  where  further  development  takes  place. 
While  the  foregoing  portion  of  the  life  cycle  is  purely 
conjectural,  the  subsequent  record  is  fairly  complete. 
The  gemmules  are  here  intracellular,  cytoplasmic,  amoe- 
boid organisms  which  in  turn  produce  similar  gemmules. 
This  constitutes  the  schizogonic  or  multiplication  cycle, 
or,  as  Councilman  denominates  it,  the  vaccine  cycle  of 
the  organism.  It  continues  until  the  gemmules  are  dis- 
tributed to  all  regions  of  the  skin.  Ultimately  the  gem- 
mules develop  into  forms  which  penetrate  the  nuclear 
membrane  and  develop  into  gametocytes  (?)  of  two 
types,  one  prodvicing  the  male  gametes,  the  other  the 
female.  The  copula  (?)  becomes  a  large  amoeboid  or- 
ganism in  which  the  single  pansporoblast  originates. 
These  pansporoblasts  give  rise  to  primary  sporoblasts 
and  the  lalrter  to  numerous  spores.  This  portion  of  the 
life  cycle  takes  place  within  the  nucleus  and  constitutes 
the  sporogonic  or  propagative  cycle.  These  spores  ap- 
parently attack  new  nuclei  and  grow  into  new  secondary 
sporoblasts  which  give  rise  to  similar  spores ;  this  repeti- 
tion of  the  sporogonic  cycle  is  in  Calkins'  opinion  a 
true  schizogony  and  constitutes  a  second  means  of  auto- 
infection  by  which  the  organism  spreads  throughout 
the  nuclei  and  cells  of  the  skin  and  possibly  to  other 
organs  of  the  body.  Supposably  it  is  these  spores  also 
which  finally  transmit  the  disease  to  new  hosts.  The 
accompanying  diagram  (Fig.  5200)  taken  from  Calkins' 
paper  will  aid  in  explaining  the  life  cycle  just  out- 
lined. Every  stage  represented  is  reproduced  from  an 
actual  camera  drawing  of  the  parasite  and  only  the 
tissue   cells  are  drawn  diagrammatically. 

The  parasite  is  first  seen  in  the  skin  as  a  minute 
cytoplasmic  inclusion,  0.5  to  1  /i  in  diameter.  B}' growth 
it  may  reach  a  size  of  10  to  14  /'.  and_  from  appear- 
ances seems  to  be  amoeboid.  No  nucleus,  no  vacuoles, 
and  no  differentiated  ectoplasm  and  endoplasm  can  be 
demonstrated.  Minute  spherical  granules  are  demon- 
strated by  staining  and  at  the  close  of  this  stage  each 
lies  in  a  minute  vesicle.  These  are  in  size  and  appear- 
ance like  those  at  the  start  of  the  cycle.  After  infection 
of  the  nucleus  and  growth  a  spherical  body  is  produced 
which  resembles  a  typical  cell.  It  forms  but  one  pan- 
sporoblast and  grows  to  a  diameter  of  10  to  12  fi  with 
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eight  to  twenty  primary  sporoblasts  developed  within 
it.  At  first  solid  and  homogeneous,  the  young  sporo- 
blasts become  hollow  and  appear  as  thickened  rings,  1.5 
to  2  /i  in  diameter.  After  spore  formation  the  sporo- 
blasts are  liberated  by  disintegration  of  the  parent  or- 
ganism. The  spore  is  exceedingly  minute  (0.5  «);  it  de- 
velops into  the  secondary  sporoblast.  Degeneration  of 
the  nucleus  and  cell  leaves  the  sporoblast  in  the  broken- 
down  material  at  the  bottom  of  the  pustule. 

The  intranuclear  bodies  repi'esent  the  second  stage  in 
the  lite  history,  which  is  believed  to  be  the  sexual  cycle, 
and  produce  spores  which  are  the  infecting  agents.  In 
the  opinion  of  these  authors  the  first  cycle  may  exist 
without  the  second,  and  such  is  the  case  in  vaccinia. 

Apparently  these  are  the  same  structures  seen  by  L. 
Pleiffer,  Guarnieri,  and  others,  who  were  not  successful 


Fio.  5200.-Tlie  Variola  Cycle  of  Cutaryctes  variola)  Guarnieri. 

in  working  out  the  life  history  as  it  now  stands,  although 
they  also  did  not  hesitate  to  bring  them  into  etiological 
(C^Zi°  ™^"P°^-  .One  of  the  most  recent  of  tlese 
(Gorini)  has  even  described  and  figured  both  extranuclear 
Sn.li»/hT  f  ^°u'^^  m  vaccinia.  Questionable  intra- 
nuclear bodies  have  been  reported  by  several  investigators 
for  sarcoma  cells  m  man,  but  there  are  also  other  parasites 

^htTZ  "/^'^  ^[°"P  ^"'^  ''^^"^'''S  l°^-er  animals  in 
which  an  ntranuclear  existence  is  well  known,  e.g., 
Eimenasalamandrce  {Caryophagus  salamandrm) ,  para- 
sitic in  the  intestmal  epithelium  of  one  of  the  sa  aman- 
par^siUzed."""      frequently  in  the  nucleus  of  the  cell' 

,  In  addition  to  Neuroryctes  and  Cytoryctes,  Calkins  is 
mchned  to  include  here  also  Cychisterion,  \h."r\l 
fever  organism,  and  finally  the  still  more 'doubtfuf  or- 
gamsms    of    trachoma    and    molluscum    contagrosum 

SseTin^h^f  aS.'"P^^^^^"^  ^~  -'^  -  -^ 

The  class  of  the  Mastigophora  includes  a  great  variety 

of  organisms   havmg  in  common  hardly  more  thnn  the 

possession  of  vibratile  organs  of  locomotion  known  as 
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flagella,  which  by  greater  length,  lesser  number  and 
type  of  movement  are  easily  distinguishable  from 'cilia 
The  group  shows  relationships  in  many  directions  and 
affords  an  almost  unbroken  line  of  transition  to  forms 
which  are  typically  plant  organisms.  Here,  again  as  in 
the  last  class  (Sarcodina),  the  uniformity  of  structure 
coupled  with  an  even  smaller  average  size  and  very  in- 
sufficient acquaintance  with  the  life  history,  render  it 
difficult  to  speak  positively  regarding  many  of  the  or- 
ganisms. Of  the  sub-classes,  which  are  founded  upon 
the  number  and  arrangement  of  the  flagella,  the  charac- 
ter of  the  cell  body  and  general  habits  of  life,  only  one 
J^lagellata,  is  of  importance  here,  as  the  others  contain 
no  parasitic  forms. 

The  general  form  of  the  body,  the  number  and  position 
ot  flagella,  and  the  precise  method  of  reproduction  serve 
to  distinguish  in  the  sub-class  Fla- 
gellata  five  orders.  Only  two  of 
these  embrace  human  parasites  and 
demand  consideration  here,  namely: 
Protomonadina  and  Polymastigina. 
The  Protomonadina  are  small 
forms,  often  tending  to  form  colo- 
nies. They  have  at  the  anterior  end 
one  flagellum,  two.  similar  flagella 
or  two  or  three  dissimilar  flagella! 
In  many  parasitic  species  an  undu- 
lating membrane  accompanies  a 
single  flagellum.  Doflein -gives  the 
following  key  for  the  determina- 
tion of  those  families  which  in- 
clude parasitic  species: 

1.  A  single  flagellum  on  anterior 
end 2 

Two  flagella  on  anterior  end. 
Bodonidse 

2.  An     undulating      membrane 
along  the  side  of  the  body. 

Trypanosomidae 

No  undulating  membrane 

present Cercomonadidae 

Cercomonas. — The  species  in  this 
genus  are  rather  uncertain.     Many 
forms    have    been    assigned    to   it 
which   later    studies    have  shown 
to  belong  to  other  genera.     Con- 
fusion is  possible  both  with  plant 
organisms  and  with  mere  develop- 
mental    stages    of    other   groups. 
The   species   are  small   and  color- 
less;  in  form  round  or  oval,  with 
a  very   large  flagellum,   which  is 
projected    ahead     in    locomotion. 
Many  of  the  forms  reported  from 
the   human  body  and  assigned  to 
this  group  are  imperfectly  known,  often  found   but   a 
single  time,  and  in  many  cases  probably  pseudoparasites 
ot  various  degrees.      One    or  two  of  the  more  distinct 
forms  need  brief  mention  here. 

Cercomonas  hominis  Davaine  1854. — Body  pyriform, 
pointed  posteriorly,  with  single  flagellum  at  anterior  end. 
Length  0.01-0.012  mm.  Movement  rapid,  capable  of 
attaching  themselves  by  posterior  tip.  Smaller  variety 
0.008  mm.  long. 

Found  in  the  dejecta  of  a  cholera  patient,  the  smaller 
variety  in  typhoid  dejecta.  Various  later  reports  may 
o^  assigned  to  this  species,  including  that  of  Lambl  in 
1875,  which  has  often  been  erroneously  identified  as  the 
same  as  the  species  described  under  the  same  name 
by  this  author  in  1859.  The  latter  will  be  discussed 
under  its  present  name  of  Lamhlia  diu)denalis.  Some 
authors  have  assigned  the  former  species  to  Trichomo- 
nas, forgetful  of  the  fact  that  it  possesses  but  a  single 
flagellum. 

It  would  be  hazardous  to  assert  that  all  typical  cer- 
comonads  thus  far  described  from  the  human  host  fall 
unquestionably  into  the  limits  of  a  single  species;  yet  in 
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the  absence  of  contradictory  evidence  th&y  may  for  prac- 
tical purposes  be  considered  as  such.  These  forms  have 
been  found  in  the  alimentary  canal,  the  bronchial  sys- 
tem, in  pleural  exudate,  and  in  an  Echinococcus  cyst. 
Encysted  forms  have  also  been  described.  All  investi- 
gators have  not  been  equally  careful  to  demonstrate  the 
intestinal  origin  of  such  forms  as  were  found  in  faeces, 
and  which  may  have  been  due  to  secondary  contamina- 
tion of  the  fa?cal  material.  Among  numerous  records 
only  those  of  Councilman  and  Lafleur  and  of  Dock  con- 
cerning the  occurrence  of  such  forms  in  this  country 
need  be  mentioned.  Recently  Musgrave  refers  to  it  as 
common  in  Manila. 

Monas  pyophila  R.  Blanchard  1895.  (Syn..  M.  pyo- 
■phyla  Neveu-Lemaire  1902.)  Form  similar  to  large 
spermatozoa,  0.03-0.06  mm.  in  diameter  of  body,  with 
long  filament  from  rounded  pole,  resembling  a  flagellum, 
yet  capable  of  retraction  when  the  form  becomes  nearly 
spherical.  Outside  a  cuticular  (?)  layer,  which  extends 
through  the  body  in  partitions,  dividing  it  into  three  re- 
gions. Movement  rapid,  accompanied  by  change  of 
form. 

Found  by  Grimm  in  sputum  and  pus  of  abscesses  in 
lung  and  liver  of  patient  in  Japan. 

A  diarrhoea  caused  by  monads  is  recognized  by  inves- 
tigators in  the  Philippine  Islands.  No  detailed  account 
of  the  form  has  yet  been  published. 

Herpetomonas. — Elongated  rod-like  forms  with  one 
flagellum  at  the  anterior  end  and  a  contractile  vacuole  at 
its  base.  These  rather  slender  and  firm-bodied  species  are 
found  in  the  alimentary  canal  of  the  house  fly  and  other 
species,  including  also  fleas  and  mosquitoes.  Patton 
has  suggested  that  the  supposed  developmental  stages  of 
Trypanosoma  in  the  louse  and  flea  are  really  phases  in 
the  life  cycle  of  Herpetomonas  and  allied  genera.  This 
author  has  worked  out  similar  conditions  for  species  in 
other  hosts.  On  account  of  the  evident  likelihood  of 
confusion  investigations  in  this  fisld  must  be  particularly 
carefully  carried  out.  Herpetomonadine  parasites  in 
tsetse  flies  and  mosquitoes  have  also  been  studied  by 
Novy.  The  former  he  believes  to  have  been  confused 
with  the  trypanosomes  transmitted  by  these  flies  and  to 
have  been  incorrectly  interpreted  as  stages  in  the  life 
cycle  of  the  trypanosomes. 

Patton  also  holds  that  the  Leishman-Donovan  bodies 
belong  to  this  genus.  The  life  history  of  this  form  is, 
however,  sufficient  justification  for  following  Ross  in 
regarding  it  as  a  separate  genus,  even  though  it  be  closely 
related. 

Leishmania. — :Schizogonic  forms  round  or  oval,  with 
nucleus  and  blepharoplast ;  intracellular  parasites  (in 
endothelial  cells?);  most  numerous  in  internal  organs 
but  appearing  at  times  (ingested?)  in  leucocytes.  Mul- 
tiplication by  longitudinal  fission,  also  by  rosettes  (a 
sexual  phase?).  Schizogonic  cycle  in  warm-blooded 
host.  Flagellated  forms  developed  in  cultures  at  lower 
temperatures.  Sporogony  in  insects  (?).  Sporogonic 
forms  unknown.  Only  two  species  known,  both  para- 
sitic in  man  during  schizogonic  cycle. 

Leishmania  Donovani  Ross  1903.  (Syn. :  Piroplasma 
Donovani  Laveran  et  J^esnil  1903 ;  Herpetomonas  Dono- 
vani Rogers  1904.) — Schizogonic  form  small,- ovoid,  2  to 
3.5  ;«  by  1.5  to  2  /i;  protoplasm  finely  granular  and  vac- 
uolated; two  chromatin  masses,  the  larger  a  spherical 
nucleus  and  the  smaller,  a  bacilliform  blepharoplast. 
These  occur  in  variable  numbers  in  nearly  every  organ 
of  the  body,  but  especially  in  the  endothelial  cells  of  the 
blood  and  lymph  vessels,  being  most  abundant  in  the 
spleen,  bone  marrow,  and  liver.  They  are  also  found 
commonly  in  leucocytes  in  the  blood  where  they  are 
most  numerous  in  the  later  stages  of  the  disease.  Ex- 
amination of  the  blood  in  the  early  stages  is  of  doubtful 
diagnostic  value.  The  parasites  are  probably  always  (?) 
intracellular,  but  during  the  operation  of  spleen-punct- 
ure the  cells  in  which  they  lie  rupture  readily  so  that 
in  smears  they  often  appear  free  or  in  clusters  hke  ma- 
larial rosettes.  The  rupture  of  these  cells  intra  vitam 
must  also  frequently  occur  naturally  during  growth  and 


thus  the  organisms  will  be  set  free  in  the  blood  stream 
and  widely  distributed  throughout  the  body.  They 
will  also  naturally  accumulate  in  the  organs  already 
noted  above. 

In  cultures  they  enlarge  rapidly  to  a  diameter  of  7  to 
9  /(,  gradually  assuming  a  pyriform  shape  which  soon 
becomes  flagellated.  Such  forms  carry  a  single  flagel- 
lum but  no  undulating  membrane;  they  measure  12  to 
20  /i  in  length.  Sterile  blood  acidified  with  a  little  sodio 
citrate  has  been  used  as  the  culture  medium  and  is  in- 
effective if  held  at  body  temperatures.  Some  develop- 
ment takes  place  at  27°  C.  but  20°  to  22°  C.  appears 
most  suitable.  Then  the  parasites  multiply  rapidly  by 
longitudin.al  division.  They  have  been  seen  to  throw 
off  also  fine  linear  forms,  comparable  to  spirochsetes  in 
delicacy.  Thus  far  experimental  transmission  to  verte- 
brates has  been  unsuccessful.  Efforts  to  infect  mos- 
quitoes, ticks,  and  lice  were  also  without  results,  but 
Patton  has  recently  succeeded  in  infecting  bedbugs 
and  claims  to  have  secured  the  complete  cycle  in  this 
host.  These  experiments  need  confirmation  but  there 
is  much  indirect  evidence  which  favors  the  acceptance 
of  the  view  that  the  disease  is  transmitted  in  some  such 
manner.  The  long  time  during  which  the  disease  clings; 
to  houses  indicates  that  the  organism  may  be  trans- 
mitted to  a  second  generation  of  the  infecting  agents 
through  the  ova,  as  has  been  established  in  the  case  of 
some  other  related  flagellates. 

The  parasite  is  the  cause  of  kala-azar,  also  known  as 
dum-dum  fever  or  tropical  splenomegaly,  which  is  char- 
acterized by  a  high  mortality.  It  is  endemic  in  certain 
parts  of  India,  especially  Assam.  Despite  the  fact  that 
it  is  not  responsive  to  quinine,  it  was  formerly  regarded 
as  a  peculiarly  bad  form  of  malaria.  It  also  occurs  in 
Ceylon,  China,  Arabia,  Algeria,  and  Egypt,  though 
previously  unrecognized.  Rogers  has  demonstrated 
that  Kala-azar  is  a  house  disease.  The  abandonment 
and  destruction  of  native  houses  has  proved  a  valuable 
though  partial  prophylactic  measure.  '  The  annihila- 
tion of  the  bedbug  will  apparently  be  much  more  effec- 
tive. 

The  parasites  can  be  demonstrated  in  the  blood  in 
many  cases  though  with  difficulty.  The  organisms 
should  be  sought  for  in  the  leucocytes.  Careful  search 
should  be  made  before  the  dangerous  splenic  puncture 
or  somewhat  less  serious  hepatic  puncture  is  undertaken. 
Smears  of  spleen  or  liver  pulp  are  spread,  dried,  and 
stained  like  blood  films.  Leishman's  or  Giemsa's  meth- 
ods of  staining  are  recommended. 

Leishmania  tropica  (Wright  1903).  (Syn.  Helcosoma 
tropicum  Wright  1903.) — Schizogonic  cycle  alone  known. 
Morphologically  not  differentiated  from  L.  Donovani. 
Originally  discovered  by  Cunningham  in  1885,  these 
bodies  were  first  definitely  described  by  J.  H.  Wright 
in  1903.  Wright's  work  has  been  confirmed  by  Manson 
and  others.  The  organisms  occur  in  profusion  in  the 
granulation  cells  from  Oriental  sore,  or  Delhi  boil,  a 
chronic  ulcer,  locally  endemic  in  many  warm  countries. 
It  is  common  at  various  points  in  northern  Africa,  Asia 
Minor,  and  southern  Asia  as  far  as  India.  Manson  pro- 
claims it  to  be  a  disease  of  camel-using  countries  and  to 
occur  in  both  dogs  and  camels  from  which  it  is  conveyed 
to  man  by  flies  or  other  biting  insects.  Since  the  life 
history  is  entirely  unknown,  this,  as  well  as  the  possible 
alternate  cycle  in  such  hosts,  is  only  conjecture. 

The  specific  distinctness  between  L.  tropica  and  L. 
Donovani  may  be  inferred  from  their  geographical  dis- 
tribution, for  kala-azar  is  unknown,  e.g.,  in  the  Punjab, 
where  Delhi  sore  is  common.  Furthermore,  kala-azar 
is  a  fatal  disese  while  Oriental  sore  is  eminently  benign. 
It  is  believed  that  one  attack  of  the  latter  confers  im- 
munity against  further  infection,  and  the  Jews  in  Bag- 
dad at  one  time  practised  on  their  children  Oriental 
sore  inoculation.  The  relation  of  the  two  species  may 
be  somewhat  analogous  to  that  between  the  organisms 
of  smallpox  and  vaccinia. 

The  Trypanosomidae  are  parasitic  forms  with  a  chief 
flagellum   directed   anteriad,    usually   two-edged,   with 
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more  or  less  of  a  spiral  twist  in  the  body,  and  with  one 
edge  of  the  body  provided  with  an  undulatiiig  mem- 
brane. The  numerous  species  are  hsematozoa  in  verte- 
brates, though  some  live  in  the  body  cavity  and  ahmen- 
tary  canal  of  both  vertebrates  and  invertebrates.  Those 
forms  of  importance  here  all  fall  in  the  genus  Trypa- 
nosoma s.  str.  Much  diflerenoe  of  opinion  prevails  as  to 
the  number  of  species  and  their  hmits.  Most  of  them 
are  very  poorly  known,  although  several  so-called  spe- 
cies were  discovered  as  much  as  sixty  years  ago;  indeed 
of  no  form  is  even  an  approximately  complete  accoimt 
of  the  life  history  at  hand.  Various  species  are  recog- 
nized in  various  parts  of  the  world  as  the  cause  of  specific 
diseases  among  domesticated  animals,  which  have  as- 
sumed economic  importance  of  the  first  rank.  The  most 
prominent  of  these  are  the  following,  together  with  the 
range  and  host  of  each  species  listed. 

Trypanosoma  Lewisi,  in  rats  and  (?)  the  hamster.re- 
ported  from  Europe,  Asia,  Africa,  and  North  America, 
and  causing  at  times  fatal  epidemics. 

Trypanosoma  Brucei,  in  cattle,  horses,  mules,  and  wild 
animals,  gives  rise  to  the  nagana  or  tsetse-fly  disease  in 
Africa  south  of  the  Sahara. 

Trypanosoma  equiperdum,  in  horse,  ass,  and  other  do- 
mesticated species  by  inoculation,  causes  dourine  in  the 
circum-Mediterranean  region. 

Trypanosoma  Evansi,  in  mammals,  especially  domes- 
tic, where  it  causes  the  surra  in  India,  China,  Burmah, 
and  the  Philippines. 

Trypanosoma  equinum,  in  horses,  causing  mal  de  caderas 
in  South  America. 
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Via.  5201.— Tmpannsoma  LewUi.  a.  Adults  witli  erythrocyte,  from 
stained  preparation.  X  1,000.  6,  Multiplication  rosette,  less  highly 
magnified.    (Alter  Francis.) 

Trypanosoma  Theileri,  in  cattle,  producing  the  gal- 
zieklk  in  South  Africa. 

Although  but  Uttle  evidence  is  at  hand,  the  weight  of 
opinion  is  against  any  possibility  of  the  transmission  of 
these  species  to  man. 

Some  structural  features  of  the  genus  Trypanosoma 
s.  str.  need  brief  mention.  The  lancet-shaped  body  (Fig. 
5201,  a)  shows  a  finely  granular  endoplasm  and  a  distinct 
though  very  dehcate  hyaline  ectoplasmio  layer.  The 
single  flagellum  arises  near  the  posterior  end  in  connec- 
tion with  the  highly  refractile  granule  variously  denom- 
inated centrosome,  micronucleus,  and  nucleolus.  The 
flagellum  continues  along  the  body  as  the  thickened 
outer  margin  of  the  undulating  membrane,  and  projects 
free  from  the  anterior  end  of  the  animal.  The  prominent 
nucleus  occupies  a  slightly  different  position  in  different 
species;  it  is  rich  in  chromatin  and  stains  deeply  in  pre- 
pared specimens. 

Three  types  of  reproduction  are  imperfectly  knoM'n: 
a  typical  longitudinal  division,  a  budding  said  by  Senn 
to  be  more  common,  and  a  segmentation  or  multiple 
division  into  numerous  spores  (?)  arranged  in  rosettes 
(Fig.  5201,  h).  The  rosette  formation  is  regarded  by 
some  authors  as  the  result  merely  of  the  successive  di- 
vision of  an  ordinary  individual  of  the  species.  These 
rosettes  of  enormous  size,  embracing  several  thousands 
of  individuals,  occur  characteristically  in  cultures  of 
Trypanosoma  Lewisi  (Fig.  5202).  Such  cultures  have 
been  recently  successfully  obtained  by  McNeal  and  Novy 
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in  a  strictly  pure  form,  and  have  been  maintained  for 
several  years.  The  great  importance  of  this  step  for  the 
study  of  the  pathogenic  activity  of  the  organism  and  of 


Fig.    WS.— Trypanosoma    Lewisi.     Auto-agglutination.     Highly 
magnified.    (After  Francis.) 

the  possible  protective  measures  in  combating  the  dis- 
ease is  evident  at  once.     The  species  found  in  man  is 

Trypanosoma  gambiense  Dutton,  1902.  (Syn.:  T. 
hominis  1903;  T.  Nepveu  Sambon  1903.).  Length. in 
stained  preparation  (Fig.  5203),  including  flagellum 
0.018-0.025  mm.,  width  0.002-0.0028  mm.  Free  part 
of  flagellum  about  one-third  of  total  length.  Anterior 
end  attenuated  along  flagellum,  posterior  end  roughly 
conical,  very  blunt.  Oval  macronucleus  just  anterior 
to  centre  of  body,  occupying  entire  width  of  animal. 
Near  posterior  end  dark  spot,  the  blepharoplast  (the 
centrosome  of  Laveran  and  Mesnil),  and  just  anterior 
to  it  a  large  vacuole  well  marked.  The  flagellum  ends 
at  the  upper  edge  of  tliis  vacuole.  The  first  record  of 
the  occurrence  of  a  trypanosome  in  man  is  said  to  have 
been  published  by  Nepveu  in  1891,  and  again  in  1898. 
The  description  given,  however,  is  too  scanty  to  admit 
of  any  opinioii  regarding  its  general  character,  though 
many  are  inclined  to  interpret  it  as  a  member  of  the 
genus  Trypanosoma.  This  species  was  discovered  in 
1901  by  Dutton  in  the  blood  of  an  Englishman  in  gov- 
ernment employ  on  the  Gambia  River.  The  case 'was 
under  observation  some  time,  namely,  until  the  patient 
died  in  January,  1903,  and  manifested  the  following 
clinical  features:  general  weakness,  irregular  lapsing 
fever  lasting  one  to  four  days  with  apyrexial  periods  of 
two  to  five  days,  some  oedema,  injection  of  the  skin, 
enlargement  of  the  spleen,  constant  frequent  pulse,  and 


Fig.  5203.— IVf/pftnosoma  gamhiense,  with  erythrocyte,  drawn  from 
stained  preparation.    X  about  1,900.     (After  Dutton.) 

hurried  breathing.     These  symptoms  were  associated 
with  no  definite  organic  lesions. 

In  many  prepared  slides  and  fresh  blood  mounts  there 
were  found  no  malarial  organisms.     The  number  of  try- 
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panosomes  present  varied  from  one  to  fifteen,  but  in 
apyrexial  periods  none  were  detected  in  the  blood.  The 
parasite  usually  progressed  with  the  flagellum  in  front, 
but  occasionally  reversed  direction  for  a  short  distance. 
In  slow  progression  wave-like  motions  start  in  the  flagel- 
lum and  are  communicated  to  the  undulating  membrane; 
in  rapid  motion  the  body  rotates  on  its  longitudinal  axis 
so  that  the  undulating  membrane  appears  as  if  spirally 
arranged.  In  one  instance  a  mononuclear  leucocyte  was 
observed  which  had  partially  engulfed  a  trypanosome, 
only  the  flagellum  and  a  small  part  of  the  anterior  end  of 
the  body  remaining  free. 

In  films  of  blood  taken  from  a  child  three  years  old 
the  parasite  was  discovered  again  and  associated  with  it 
malarial  organisms.  Annett  points  out  that  the  chronic 
character  of  the  disease,  the  rarity  of  the  parasites,  their 
apparent  absence  at  long  periods  from  the  peripheral 
circulation,  and  the  occasional  rise  in  temperature  favor 
confusion  with  malaria  in  diagnosis. 

Later  further  cases  of  the  malady  have  been  identified 
by  Dutton,  Manson,  and  others,  making  in  all  six  cases 
on  the  Congo  River  and  seven  on  the  Gambia,  which  are 
nearly  equally  divided  between  natives  and  Europeans. 
It  is  thus  evidently  not  rare  in  tropical  Africa,  as  Dutton 
found,  his  seven  cases  in  somewhat  more  than  one  thou- 
sand examinations  in  Senegambia.  Two  investigators 
seem  to  have  identified  it  in  India  also,  and  most  writers 
now  agree  that  this  trypanosome  fever  is  merely  the 
first  stage  of  sleeping  sickness,  to  be  described  later. 

A  related  subsequent  contribution  of  great  impor- 
tance to  this  subject  has  been  made  by  Castellani,  who 
found  Trypanosoma  in  the  cerebro-spinal  fluid  of  natives 
afflicted  with  the  so-called  "  sleeping  sickness."  This 
hitherto  entirely  unexplained  disease,  epidemic  in  cer- 
tain regions  of  Africa,  attacks  only  natives,  and  is  char- 
acterized by  a  drowsy  condition  culminating  in  deep 
coma,  with  an  all  but  universally  lethal  outcome  in  from 
three  to  twelve  months.  Hyperemia  of  the  arachnoid 
vessels  is  among  the  marked  pathological  features.  Bac- 
teriological investigations  have  remained  without  result, 
and  the  theory  of  Manson  that  the  cause  of  the  malady 
lay  in  the  presence  of  Filaria  perstans  has  already  been 
referred  to  in  another  article  (Nematoda).  Castellani's 
hypothesis  has  been  greatly  strengthened  by  the  com- 
munication of  Bruce  to  the  Royal  Society  that  Trypa- 
nosoma was  present  in  the  cerebro-spinal  fluid  in  every 
one  of  thirty-eight  cases  of  sleeping  sickness  investigated 
in  Uganda,  and  occurred  also  in  the  blood  in  twelve  out 
of  thirteen  cases  tested  on  this  point.  A  long  series  of 
investigations  by  English,  French,  German,  and  Portu- 
guese Royal  Commissions  has  demonstrated  beyond 
question  the  presence  and  relation  of  the  organism  to 
the  disease,  and  of  the  trypanosome  fever  to  sleeping 
sickness. 

The  parasite  of  sleeping  sickness  which  was  origmally 
regarde'd  as  a  separate  species,  Trypanosoma  Castellanii 
Sambon,  has  been  shown  positively  to  be  the  same  as 
the  blood-inhabiting  form  previously  discovered,  so  that 
only  one  human  trypanosome  is  known.  The  invasion 
of  the  nervous  system  marks  the  transition  from  the 
eariy  to  the  later  stage  of  the  disease.  The  trypano- 
somes  cannot  be  found  in  the  cerebro-spinal  fluid  of  early 
cases,  but  they  are  always  present  in  the  lymph  glands 
in  this  stage,  of  which  glandular  enlargement  is  a  con- 
stant and  characteristic  feature.  Dutton  and  Todd 
found  palpation  of  the  cervical  glands  the  simplest  and 
most  accurate  means  of  diagnosing  early  cases.  Sleep- 
ing sickness  is  the  last  stage  of  trypanosome  mfection 
and  in  it  the  parasites  may  always  be  detected  m  the 
cerebro-spinal  fluid. 

The  trypanosome  brings  about  conspicuous  changes 
in  the  blood.  There  is  a  marked  reduction  m  the  num- 
ber of  erythrocytes,  which  may  even  fall  to  one-third 
the  normal  number;  the  leucocytes  are  increased  m 
number,  but  there  is  no  eosinophilia.  In  the  blood  the 
distribution  of  the  trypanosomes  is  very  irregular  and 
variable.  They  occur  also  in  lymph  glands  and  m  the 
testicles. 


The  parasite  is  transferred  from  host  to  host  by  the 
Tsetse  fly,  Glossina  palpalis,  and  perhaps  by  other  spe- 
cies of  this  genus.  According  to  the  views  of  certain 
investigators,  Bruce,  Minchin,  and  Novy  among  others, 
the  fly  is  a  mere  mechanical  vector  and  the  supposed 
developmental  forms  in  its  gut  are  not  developmental 
stages  of  the  human  parasites  but  merely  harmless  para- 
sites (Herpetomonas)  of  the  fly.  Other  authors  incline 
to  the  view  that  the  parasite  manifests  alternation  of 
generations  with  the  fly  as  an  alternate  host.  Reports 
from  Koch  indicate  that  he  is  able  to  demonstrate  this 
condition.  Mincliin  maintains  that  both  a  direct  and 
an  indirect  transfer  take  place  here  as  in  the  dissemina- 
tion of  protozoan  blood  parasites  by  biting  insects  gen- 
erally. These  modes  of  infection  are  (a)  the  inoculative, 
with  developmental  changes  in  the  insect,  and  (b)  the 
contaminative  with  changes  during  encystment  when 
the  infection  of  the  new  host  is  achieved  through  con- 
tamination of  food  or  drink  by  cyst-containing  excreta. 
Sambon  conjectures  a  hereditary  transmission  of  this 
parasite  from  one  tsetse  fly  to  the  next  generation. 

Sleeping  sickness  is  universally  fatal  in  outcome  and 
the  former  view  that  the  whites  enjoyed  a  racial  im- 
munity to  the  disease  has  proved  to  be  only  a  relative 
freedom  from  infection  due  to  clothing  and  habits  of 
life.  The  severe  effects  are  probably  due  to  a  toxin  pro- 
duced by  the  parasites,  and  tliis  substance  induces  pro- 
found changes  in  the  nervous  tissue  so  that  even  the 
destruction  of  the  parasites  is  unavailing  in  the  late 
stages  of  the  disease.  In  the  lymph  glands  some  para- 
sites undergo  involution,  assuming  an  amosboid  condi- 
tion, and  ultimately  perishing.  Trypanosomes  are  also 
subject  to  phagocytosis,  but  possibly  only  when  abnor- 
mal or  degenerate.  These  are  the  forms  which  accumu- 
late in  and  block  the  cerebral  capillaries  in  acute  cases. 

The  parasite  and  the  disease  may  be  transmitted  to 
the  chimpanzee  and  some  monkeys  in  which  the  disease 
runs  a  characteristic  human  course.  Mention  should  be 
made  of  the  extensive  use  of  arsenical  preparations,  es- 
pecially atoxyl,  in  the  treatment  of  the  disease.  Koch 
and  others  regard  it  as  speoifi.c;  but  in  the  opinion  of 
many  this  conclusion  rests  on  very  inadequate  data  and 
is  controverted  by  other  observations.  Much  experi- 
mental work  has  been  done  in  chemical  therapeutics, 
with  serums  and  splenic  extracts,  through  ingestion  of 
attenuated  cultures  and  by  exposure  to  various  types 
of  rays. 

Thus  far  only  three  groups  of  chemicals  have  been 
discovered  which  are  efficient  in  the  treatment  of  try- 
panosome infections.  They  are:  (a)  benzidin  dyes, 
(6)  basic  triphenyl-methane  dyes,  and  (c)  arsenical 
compounds.  In  experimental  animals  complete  cure 
has  apparently  been  effected  by  maximum  doses  of 
these  compounds.  With  lesser  doses  and  prolonged 
treatment  the  parasites  may  disappear  from  the  blood 
for  a  time,  but  later  on  make  their  appearance  again. 
Those  which  recur  have  undergone  a  pronounced 
change  in  their  biological  characters  and  constitute  a 
strain  resistant  to  the  therapeutic  agent  employed. 
Such  a  strain  manifests  chemo-resistance  of  a  specific 
character  toward  the  particular  substance  used  to 
develop  it  and  an  increased  resistance  toward  other 
compounds  of  the  same  group.  On  the  other  hand, 
the  development  of  resistance  toward  one  group  causes 
no  increase  whatever  in  the  resistance  toward  other 
groups.  By  continued  experiments,  however,  a  strain 
has  been  produced  manifesting  a  triple  resistance. 
Chemo-resistance  once  acquired  persists  unchanged 
while  the  resistant  trypanosomes  are  passed  through 
normal  animals  even  for  one  hundred  and  forty  transfers 
extending  over  fourteen  months. 

Although  the  morphological  differentiation  of  the  va- 
rious species  of  Trypanosoma  is  difficult,  not  to  say  im- 
possible at  present,  there  are  sufficient  grounds  in  the 
clinical  features  of  the  diseases  caused  by  them,  and  m 
other  physiological  data,  such  as  the  immunity  of  various 
host  species  to  certain  forms,  to  justify  the  acceptance 
of  their  specific  distinctness.     One  may  well  recall  the 
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earlier  view,  that  only  one  form  of  malarial  orgamsin  ex- 
isted, and  may  find  in  the  transport  by  Anopheles  ot  dit- 
ferent  species  of  Plasmodium  a  case  parallel  to  that  ot 
the  tsetse  flv.  ■    i     a  j. 

Spirochcet a. —Body  excessively  slender,  spiral,  flat- 
tened, ectoplasm  forming  a  narrow  undulating  mem- 
brane which  extends  in  a  spiral  the  length  of  the  body. 
No  flagella,  no  endogenous  spores.  Nucleus  very  elon- 
gated, filiform,  in  the  axis  of  the  body,  with  chromatin 
granules  distributed  along  its  surface.  Reproduction  by 
longitudinal  division.     Type  species,  Sp.  plicatilis. 

All  these  forms  are  by  some  students  assigned  to  the 
bacteria.  Some  species  are  inhabitants  of^  stagnant 
waters,  others  live  in  decaying  organic  materials,  while 
still  others  are  parasitic.  Among  the  latter  are  forms 
recently  recognized  as  the  cause  of  most  virulent  infec- 
tive diseases  in  man  and  other  animals.  ^  The  genus  was 
originally  characterized  by  Ehrenberg  in  1833  and  has 
been  redefined  by  Blanehard  in  1906.  No  doubt  better 
knowledge  will  lead  to  the  removal  of  groups  of  these 
species  to  new  genera,  but  such  must  be  based  upon  dis- 
tinctive characteristics;  any  other  basis  only  results  in 
greater  confusion.  Apparently  the  group  of  forms  pro- 
ducing relapsing  fevers  may  justly  be  made  an  inde- 
pendent genus  even  though  their  morphological  differ- 
entiation is  difficult.  New  forms  are  being  described 
constantly,  e.g.,  Sp.  lymphatica,  which  White  and 
Proescher  regard  as  the  cause  of  a  lymphatic  spirillosis; 
it  stains  like  Treponema  pallidum.  More  extended  in- 
vestigation alone  will  justify  assigning  a  definite  place 
to  such  organisms. 

Spiroschaudinnia. — Blood  parasites  only  imperfectly 
known.  In  blood  of  vertebrate  host,  schizonts  are  mi- 
nute, wavy  or  spiral  thread-like  bodies,  with  undulat- 
ing membrane  but  no  flagella.  Free  stage  alternates 
with  intracellular  resting  stage  with  parasite  coiled  up 
in  host  cell.  Sporogony  in  ticks.  Stages  have  been 
demonstrated  in  ova,  showing  the  hereditary  transmis- 
sion of  the  infection.  This  is  contrary  to  known  facts 
regarding  bacteria.  Type  species,  Spiroschaudinnia 
recwrrentis. 

This  genus  is  as  yet  not  clearly  differentiated  from  Spiro- 
chseta  and  may  ultimately  prove  to  be  synonymous  with 
it.  Some  observers,  prominent  among  whom  is  Novy, 
believe  these  forms  to  be  spirilla  and  to  belong  to  the 
bacteria.  The  question  is  still  sub  judice,  but  I  incline 
to  the  opposite  view,  held  by  Schaudinn,  Prowazek, 
Sambon,  and  others. 

Spiroschaudinnia  recurrentis  (Lebert  1S74). — (Syn. 
Spirochceta  recurrentis  Lebert  1874 ;  Sp.  obermeyeri  Cohn 
1875.)  Schizont  7  to  9  /i  long  by  0.25  to  3  /i  broad  with 
two  to  three  turns  in  the  spiral.  Shown  by  Obermeier 
and  others  to  be  the  cause  of  relapsing  fever  of  Europe 
in  man.  Common  in  Russia,  Balkan  peninsula,  Turkey, 
Persia,  and  India. 

According  to  Patton,  sporogony  takes  place  in  the 
common  bedbug  {.icanthia  lectularia).  The  body  louse 
(Pediculus  vestimenti)  has  also  been  suspected.  The  evi- 
dence is  not  conclusive. 

Spiroschaudinnia  DuUoni.—{Sjn.  Svirochmta  Duttoni 
Novy  and  Knapp  1906.)  Morphologically  difficult  to 
distinguish  from  Sp.  recurrentis,  although  the  schizont  is 
said  by  Novy  to  be  16  /<  long  by  0.2  /i  in  diameter  with 
only  two  to  three  turns  in  the  spiral.  Shown  by  Ross 
and  Milne  to  be  the  cause  of  African  tick  fe\-er,  a  re- 
lapsing fever  of  man. 

According  to  Dutton  and  Todd  the  sporogony  takes 
place  m  Ornithodorus  moubata  (Murray)  and  the  organ- 
ism IS  transmitted  hereditarily  from  the  female  to  the 
young.  Koch  demonstrated  this  spirochajte  in  the  eggs 
as  well  as  m  adult  ticks  and  Carter  confirmed  these  ob- 
servations. If  observed  long  enough  relapses  occur  in 
experimental  animals.  These  facts  indicate  that  these 
organisms  are  Protozoa  rather  than  bacteria. 

There  is  some  evidence  which  indicates  that  the  re- 
lapsing fever  of  Bombay  is  apparently  due  to  a  different 
spirocha;te  from  either  Sp.  recurrentis  or  ,S;).  Duttoni 

Other  supposed  species  have  been  discovered  in  the 
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blood  of  the  domestic  goose,  in  domestic  fowls  of  Brazil, 
in  Transvaal  oxen,  in  Abyssinian  sheep.  It  has  been 
conjectured  with  considerable  probability  that  the  Mi- 
ana  disease  of  Persia  transmitted  by  Argas  persicus  and 
other  tick  diseases  in  tropical  and  sub-tropical  regions 
are  due  to  the  inoculation  of  closely  related  organisms. 
Thus  far  the  differeiitial  technique  has  not  been  suiB- 
cientlydeveloped  or  the  investigations  on  individual  forms 
carried  far  enough  to  determine  the  limits  of  species  or 
the  relationships  of  the  different  forms  which  have  been 
reported.  New  organisms  are  being  brought  forward 
constantly  with  insufficient  data  for  determining  their 
positions  and  affinities. 

Treponema. — Schizont  spiral,  delicate,  transparent, 
not  flattened  but  cylindrical  in  section,  with  tapering 
ends.  No  undulating  membrane  but  a  flagellum  at  each 
(?)  extremity.  Multiplication  by  longitudinal  division; 
the  initial  stage  can  be  identified  by  doubUng  of  the 
flagellum  at  one  extremity  and  the  division  forms  re- 
main long  attached  by  their  ends.  Sporogony  not 
know,  but  so-called  sexual  forms  described.  Type  spe- 
cies, Tr.  pallidum. 

Treponema  pallidum  (Schaudinn  1905). — (Syn.  Spiro- 
chceta pallida  Schaudinn  1905;  Spironsma  pallidum 
Vuillemin  1905;  Microspironema  pallidum  Stiles  and 
Pfender  1905;  Trypanosoma  luis  Krzyszt.  and  Sied. 
1905)  Schizont  slender,  active,  length  4  to  14  /t,  with 
ten  to  twenty  curves,  narrow,  sharp.  Sporogony  in  an 
alternative  invertebrate  host  unknowm;  transmission 
ordinarily,  if  not  always,  by  direct  inoculation  in  schizo- 
gonic  stage. 

Discovered  by  Schaudinn  and  Hoffmann  in  syphilitic 
lesions  and  found  by  many  subsequent  investigators  in 
all  countries  in  lesions  of  both  acquired  and  congenital 
syphilis;  transmitted  experimentally  to  apes  with  the 
result  of  producing  characteristic  lesions  of  this  disease; 
sought  for  in  vain  in  non-syphihtic  lesions,  this  form  is 
now  generally  recognized  as  the  pathogenic  agent  in 
syphilis. 

Trypanosoma  equiperdum  which  produces  the  mal  du 
coil,  or  dourine,  a  disease  of  horses  analogous  to  syphilis, 
is  like  Treponema  pallidum  in  being  transmitted  ordi- 
narily by  contact,  whereas  alUed  species  pass  through 
another  host  if  not  another  cycle  in  that  as  intermediate 
host.  Some  evidence  indicates  the  possible  transmission 
of  dourine  by  a  biting  insect,  and  thus  suggests  the  for- 
mer existence  in  the  Treponema  life  cycle  of  another 
host  and  of  a  now  generally  lost  cycle  of  development 
peculiar  to  that  host. 

Treponema  pertenuis  CasteUani  1905. — (Syn.  Sviro- 
chaste  pertenuis  CasteUani  1905;  Sp.  pallidula  CasteUani 
1905.)  Length  of  schizont  up  to  20  u,  turns  uniform, 
narrow  and  numerous;  morphologically  very  similar  to 
Tr.  pallidum,  though  apparently  more  delicate  and  with 
narrower  waves. 

Probable  cause  of  yaws  (framboesia)  in  the  lesions  of 
which  it  occurs  regularly.  It  also  occurs  in  glands  but 
not  in  blood,  urine,  or  cerebro-spinal  fluid  in  such  cases. 

That  some  other  spirochjetes  should  be  transferred  to 
this  genus  can  hardly  be  doubted,  but  this  depends  on 
the  demonstration  for  them  of  morphological  charac- 
ters which  conform  to  the  definition  of  this  genus. 

The  family  of  the  Bodonidae  would  not  call  for  any 
discussion  here  were  it  not  for  the  frequence  with  which 
certain  species  have  been  assigned  a  role  as  parasites  of 
man.  The  form  which  has  most  frequently  been  men- 
tinned  in  this  connection  is 

Cystomonas   urinaria  (Kiinstler  1883). — (Syn.:    Bodo 


Fifi.  5204.— r!/sfomo?in.v  urinaria.    Magnifled.     (From  Braun,  after 
Kiinstler.) 

urinarius  Kiinstler  1883;  Cijstomonas  urinaria  Blanehard 
1886;  Plagiomonas  urinaria  Kiinstler  of  Braun  1895.) 
Shaped  like  a  beet  root  (Fig.  5204),  0.01  mm.  long,  0.004- 
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0.005  mm.  broad,  the  broad  anterior  end  notched,  the 
posterior  end  in  the  form  of  a  long  slender  filament.  Nu- 
cleus anterior;  two  similar  flagella  originate  from  ante- 
rior notch. 
-  In  185B  Hassall  described  an  infusorian  which  he  had 
observed  in  alkaline  urine  that  had  stood  some  time 
open  to  the  air.  It  was  subsequently  found  in  fifty 
samples  of  urine  from  various  eources  left  tipen  similarly, 
sufficient  proof  of  the  contamination.  In  1883,  how- 
ever, Kiinstler  reported  a  form  imder  the  same  name 
from  fresh  urine,  which  was  accordingly  attributed  to 
the  urinary  passages.  Blanchard  held  this  to  be  in  real- 
ity a  new  species  and  renamed  it,  bringing  it  in  connec- 
tion with  a  form  described  by  Salisbury  as  Trichomonas 
irregularis.  Braun  regards  the  latter  as  rather  Tr.  va- 
ginalis, and  distinct  from  the  former,  for  which  he  in- 
clines to  the  view  that  it  was  actually  a  contamination. 
This  is  the  more  probable,  as  Th.  Barrois  found  many 
flagellates  in  "freshly  voided"  urine  in  Lille,  when  sub- 
sequent examination  yielded  no  trace  of  these  parasites 
in  urine  of  the  same  patients.  Evidently  the  presence 
of  such  forms  in  human  urine  is  beyond  question,  but 
their  origin  from  the  human  urinary  passages  is  yet  to 
be  demonstrated.  That  all  such  cases  require  the  most 
searching  examination  is  evinced  by  a  recent  experience 
of  my  own,  in  finding  objects  which  were  probably  much' 
contracted  rotifers  in  preparations  made  from  "abso- 
lutely fresh  "  urine. 

The  order  Polymastigina  includes  small  forms,  always 
non-colonial,  with  three  similar  flagella,  or  with  four  to 
eight  flagella  dissimilar  in  size  and  differently  located. 
Two  families  contain  parasitic  forms  and  are  distinguished 
as  follows: 

Body  with  three  or  four  flagella,  all  at  the  anterior  end 

Tetramitidse 

Body  with  four  to  six  flagella  on  anterior  end;  pos- 
terior end  either  with  two  flagella,  or  prolonged  into  one 
to  three  lobes Polymastigidse 

In  the  Tetramitida;  are  included  species  of  elongated 
form  with  usually  pointed  posterior  end.  They  have  no 
cuticula,  or  pelUcle,  hence  may  also  manifest  amoeboid 
movements.  One  of  the  flagella  may  be  represented  by 
an  undulating  membrane.  Only  one  of  the  genera.  Tri- 
chomonas, embraces  human  parasites.  The  diagnosis  of 
the  genus  may  be  given  briefly  as  follows: 

Trichomonas  Domi6. — Generally  pyriform,  with  ante- 
rior end  rounded  or  almost  pointed.  Posterior  end 
moderately  pointed.  Nucleus  near  anterior  end,  vacu- 
oles near  posterior,  no  contractile  vacuole.  Either  three 
equal  flagella  from  anterior  tip,  and  also  an  undulating 
membrane  {Trichomonas  s.  str.),  or  with  three  equal 
flagella  directed  anteriad,  and  one  much  longer  extend- 
ing posteriad  from  the  same  point  of  insertion  (sub- 
genus Trichomastix). 

Trichomonas  vaginalis  Donn^  1837.— Body  very  mo- 
bile, usually  pyriform  or  spindle-shaped  (Fig.  5205),  with 


Fig.  5205.-Trichomo»ias  vagi7iaHi<.    a.  From  osmic-acid  prepara- 
tion ;&,  Living.    Magnified.     (Alter  Blochmann.) 

posterior  end  sharply  pointed  and  anterior  end  more  or 
less  rounded.  The  posterior  tip  is  half  as  long  as  the 
rest  of  the  body.  Total  length  0  015-0.025  mm.  At 
anterior  pole-  originate  three  flagella  (four  according  to 


other  investigators)  of  equal  length,  and  an  undulating 
membrane  which  winds  spirally  about  the  body  to  the 
base  of  the  posterior  tip.  Plasma  finely  granular,  nu- 
cleus near  anterior  end;  posterior  to  it  according  to 
Blochman  two  longitudinal  rows  of  prominent  granules. 
Division  has  been  reported;  encystment  is  as  yet  unob- 
served. 

This  species  is  present  in  females  where  vaginal  ca- 
tarrh is  associated  with  an  acid  reaction  of  the  secretion. 
It  has  been  found  in  girls  of  six  or  seven  years  and  in 
aged  women;  and  other  conditions  aff'ect  its  presence  as 
little  as  age  save  that  menstruation,  alkaline  injections, 
or  other  conditions  which  alter  the  reaction  of  mucus 
result  in  its  disappearance  temporarily  at  least.  A  low 
temperature  (15°  C.  or  less)  is  also  fatal  to  its  existence. 
Dock  and  others  have  demonstrated  the  presence  of  this 
species  in  the  urine  of  males;  the  infection  doubtless 
resulted  from  intercourse  and  was  made  possible  by  an 
already  abnormal  condition  of  the  male  urethra,  as  was 
shown  in  the  cases  under  discussion.  Dock  was  unsuc- 
cessful in  infecting  guinea-pigs  and  doga,  and  the  means 
of  transference  from  one  female  to  another  is  unknown. 
According  to  Hausmann  thirty  to  forty  per  cent,  of 
females  are  infected.  The  parasites  are  easily  demon- 
strated in  the  vaginal  mucus,  where  they  move  slowly 
about  among  epithelial  fragments  and  mucous  corpus- 
cles; but  for  successful  demonstration  the  urine  must  be 
examined  as  soon  as  passed.  Whether  their  relation  to 
the  vaginal  catarrh  is  primary  or  secondary  remains  en- 
tirely undecided. 

Trichomonas  intestinalis  *  (R.  Leuckart  1879). — (Syn. : 
Protoryxomyces  copriiiarius  Cunningham  1881;  Monocer- 
comonas  hominis  Grassi  1882;  Cimoenomonas  hominis 
Grassi  1882;  Trichomonas  hominis  GrSiSBi  ^888;  Cercomo- 
ruis  coli  hominis  May  1891;  Monocercomonas  hominis  Ep- 
stein 1893.) 

Verv  similar  to  Tr.  vaginalis  but  smaller,  measuring 
0.004-0.015  mm.  in  length  and  0.003-0.004  mm.  in 
breadth,  without  rows  of  granules;  posterior  end  more 
sharply  set  off  and  measuring  only  one-third  the  length 
of  the  body.  Three  flagella,  the  free  edge  of  the  undu- 
lating membrane  has  sometimes  been  interpreted  as  a 
fourth.  Otherwise  as  in  Tr.  vaginalis,  although  the  spe- 
cies has  not  been  carefully  investigated.  Kruse  and  Pas- 
quale  observed  groups  of  individuals  which  may  have 
arisen  by  division.  Before  copulation  this  species  loses 
its  flagella  and  creeps  about  with  bluntly  lobose  pseudo- 
podia.  This  species  is  ordinarily  identified  as  the  Cerco- 
monas  hominis  of  Davaine  (1854)  and  the  C  intestinalis 
of  Lambl  (1875),  but  recent  studies  have  demonstrated 
the  individuality  of  this  from  the  two  cited.  There  also 
is  a  tendency  at  present  to  reduce  this  form  to  Tr.  vagi- 
nalis, with  which  it  agrees  closely,  and  only  an  exact 
study  can  decide  the  question.  In  the  uncertainty  I  re- 
gard it  as  more  practical  to  retain  both  species,  though 
they  are  at  least  closely  related. 

Tr.  intestinalis  parasitizes  in  the  anterior  and  middle 
regions  of  the  human  alimentary  canal,  and  has  been  re- 
peatedly found  in  various  parts  of  the  world.  It  occurs 
also  in  the  oral  cavity  in  decaying  teeth,  where  it  nour- 
ishes itself  on  micrococci.  It  has  been  reported  also  fre- 
quently from  diseased  conditions  associated  with  diar- 
rhoea, such  as  typhoid,  cholera,  intestinal  catarrh,  gastric 
carcinoma,  and  once  in  pulmonary  gangrene.  The 
species  lives  only  in  fluids  of  an  alkaline  reaction.  Its 
occurrence  in  the  dejecta  of  healthy  adults  has  been 
taken  to  indicate  a  commensal  rather  than  a  parasitic 
habit;  but  it  at  least  rapidly  multiplies  in  connection 
with  morbid  processes,  and  this  may  exercise  an  impor- 
tant influence  on  the  progress  of  the  disease.  An  etio- 
logical significance  cannot,  in  the  present  state  of  knowl- 
edge, be  attributed  to  this  species;  yet  the  experiments 
of  Epstein  showed  that  an  infection  is  apparently  pro- 
duced by  drinking-water  and  followed  by  diarrhoea  in 
children.     Experimental  infection  of  animals  has  not 

*  This  form  of  name  is  probably  incorrect,  but  as  the  synonomy 
ia  badly  confused  I  have  retained  it  pending  revision  by  some 
specialist. 
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Fig.  6206,— Lamblia  duode- 
7ialis^  Living,  from  Rabbit 
Intestine.  Magnified.  (Com- 
bined sketch.  Alter  Metz- 
ner.) 


yet  succeeded,  and  the  pre.sence  of  th:s  species  m  the 
oral  cavity,  both  in  health  and  in  disease,  points  to  jDos- 
sible  transport  of  unknown  encysted  forms  by  the  air. 

Some  accounts  referred  to  supposable  new  species 
more  probably  concern  this.  Such  are  the  forms  de- 
scribecl  by  Steinberg  from  the  oral  cavity  as  Tr.  elongata, 
Tr.  caudata,  Tr.  fageUata,  as 
well  as  perhaps  also  Cerco- 
monas  biflagellata,  together 
with  the  Tr.  puhnonalis  of 
Schmidt  and  Artault  from 
sputa  or  contents  of  a  pul- 
monary cyst. 

The  family  Polymastigida; 
contains  small  biaxial  or  bi- 
lateral forms  with  two  or  three 
flagella  on  either  side  or  near 
the  anterior  end,  while  the  pos- 
terior end  is  lobed  or  provided 
with  two  further  flagella. 
Only  one  genus  contains  hu- 
man parasites. 

Lamblia  Blanchard. — At  an- 
terior tip  one  flagellum  on  each 
side,  and  near  the  centre  two 
on  either  side;  posterior  end 
with  two  additional  flagella. 
A  concave  sucking  disc  (?)  on 
ventral  surface  near  anterior 
end.  Nucleus  dumbbell  shaped. 
Lamblia  duodenalis  (Davaine 
1875).  —  (Syn. :  Cercomonas 
intestinalis  Lambl  1859,  nee 
1875  nee  Perty  1852;  Hexa- 
mitus  duodenalis  Davaine 
1875;  Dimorphus  muris  Grassi 
1879;  Megastoma  entericum 
Grassi  1881;  M.  intestinale  R. 
Blanchard  1886;  Lamblia  intestinalis  R.  Bl.  1888;  L. 
duodenalis  Stiles  1902.) 

Length  0.01-0.016  or  0.021  mm.;  maximum  breadth 
0.005-0.007  or  e^-en  0.012  mm.,  with  eight  flagella  nearly 
equal  in  length  (0.009-0.014  mm.).  In  form  bilaterally 
sjrmmetrical  (Fig.  5206).  In  ventral  aspect  it  is  rounded 
anteriorly  and  prolonged  posteriorly  into  a  very  mobile 
steering  tail  flattened  in  the  frontal  plane.  A  shallow 
cordiform  excavation  of  the  ventral  surface  near  the  an- 
terior end  corresponds  to  the  peristome  and  serves  as  an 
organ  of  attachment;  its  margin  is  raised  and  contrac- 
tile, but  is  interrupted  posteriorly;  all  flagella  point  pos- 
teriad;  the  anterior  pair  follow  the  margin  half-way 
around  before  leaving  the  body;  the  lateral  pair  orig- 
inate near  the  anterior  margin  in  the  peristome,  but  are 
bound  to  the  body  until  they  come  to  project  beyond 
the  contour  of  the  animal;  the  median  pair  originate  in 
the  notch  of  the  peristome  margin  and  are  vibratile 
through  their  entire  length,  being  the  chief  organs  of 
locomotion;  the  caudal  pair  are  inserted  at  the  tip  of 
the  body.  The  dumbbell-shaped  nucleus  hes  dorsal  to 
the  peristome.  Contractile  vacuole  and  cytostome  are 
wanting.  Division  has  not  been  observed;  the  encysted 
form  is  oval,  with  heavy  transparent  widl,  and  measures 
0.01  mm.  in  length  by  0.007  mm.  in  breadth.  Schaudinn 
reports  that  copulation  has  been  observed  and  is  followed 
by  encystmeut. 

This  species  was  first  reported  by  Lambl  ffom  the  de- 
jecta of  children  in  Prague.  It  has  been  reported  from 
Germany,  Italy,  Russia,  Sweden,  Egypt,  and  the  United 
States  from  the  human  host  in  which  it  seems  to  be  a 
frequent  para.site.  It  also  occurs  in  rat,  mouse,  dog,  cat, 
rabbit,  sheep,  and  certain  wild  species,  and  is  undoubted- 
ly a  common  and  widely  distrib\ited  parasite.  In  Man- 
ila Musgrave  reports  it  as  associated  with  amcebiasis; 
when  in  numbers  it  is  always  related  to  chronic  diarrhcea 
to  which  in  his  opinion  it  bears  a  decided  causative 
relation. 

Its  normal  seat  is  the  duodenum  or  jejunum,  rarely 
other  parts  of  the  canal,  where  it  sits  with'the  peristome 


applied  to  the  curved'outer  face  of  an  epithelial  cell  (Fig. 
5207)  on  the  villi.  Although  often  in  such  numbers  that 
apparently  every  cell  is  occupied,  yet  no  pathological 
effect  has  been  demonstrated  to  be  exercLsed  by  these 
parasites.  Normally  only  cysts  occur  in  the  colon  and 
fiEces,  but  in  diarrhoeic  conditions  the  free  living  forms 
are  torn  loose  and  reach  the  exterior. 

Grassi  determined  by  expeiimental  auto-infection  that 
the  cysts  are  the  means  of  infection,  and  was  unable  to 
detect  in  himself  any  symptoms  incident  to  the  parasit- 
ism of  the  species.  It  is  probable  that  cereals,  or  pre- 
pared food  which  becomes  contaminated  by  rats  or  mice, 
constitute  the  ordinary  avenue  by  which  the  infection  of 
man  is  brought  about. 

The  class  Sporozoa  embraces  a  series  of  groups  of  Pro- 
tozoa of  a  consistent  parasitic  habit,_  which  have  in  com- 
mon the  production  at  some  point  in  their  life  cycle  of 
numerous  descendants,  which  are  usvially  covered  by  a 
firm  shell  and  accordingly  denominated  "spores."  The 
enclosed  young  forms  may  be  single  or  manifold,  and  in 
special  cases  the  cyst  wall  may  be  lacking.  These  young 
forms  always  start  the  life  cycle  as  cell  j)arasites,  and  in 
all  but  rare  cases  alternation  of  generations  appears  in 
the  course  of  the  life  history.  All  forms  are  true  para- 
sites, and  all  subsist  only  on  fluid  nourishment  obtained 
by  osmosis. 

The  class  was  made  by  Leuckart  in  1879,  when  he 
brought  together  under  the  heading  Sporozoa  the  imper- 
fectly known  and  somewhat  isolated  groups  of  gregarines 
(Gregarinida),  the  psorosperm  sacs  of  MUUer  (Myxo- 
sporidia),  the  oval  or  spherical  psorosperms  of  Elmer 
(coccidia),  and  Rainey's  or  Miescher's  corpuscles  (Sarco- 
sporidia).  Later  investigators  have  added  the  Microspori- 
dia,  Amoebosporidia,  and  Hsemosporidia,  and  have  been 
able  to  fill  up  the  gaps  in  the  knowledge  of  the  older 
groups,  so  that  the  association  of  these  forms  stands  on 
a  much  clearer  and  firmer  basis.  This  is  especially  tnie 
by  virtue  of  the  recent  discoveries  concerning  the  life 
cycles  of  various  forms  which  have  revealed  an  entirely 
unsuspected  complexity  and  interrelation  of  the  develop- 
ment with  the  parasitic  habit.     ^ 

In  the  majority  of  cases  two  types  of  reproduction 
alternate  in  the  life  history  of  the  organism,  and  this 
alternation  is  associated  with  different  factors  in  the 
biology  of  the  parasite.  The  first  type  subserves  'the 
rapid  multiplication  of  the  parasite  within  the  host,  and 
is  appropriately  designated  by  Doflein  multiplicative 
reproduction;  when  highly  developed  it  will  e\Hdently 
transform  an  organism,  harmless  because  insignificant, 
into  an  abundant  destroyer  of  tissue  and  the  exciter  of 
disease.  This  may  be  observed  again  and  again  in  the 
account  of  this  group.  The  other  type  of  reproduction 
is  connected  with  the  spread  of  the  species,  the  infection 
of  new  hosts,  and  may  be  denoted  after  Doflein  the  prop- 
agative   reproduction.     Spore  formation  is  here  asso- 


Fio.  'tiiO^.—Lnmhlia  duodcnali.'<.  a.  On  epithelial  cells  ol  intestinal 
villus.  ,-.  ;ir(i.  ;i,  single  cell  and  parasite.  X  1,070.  (After Grassi 
andSchewiakoH.) 

elated  with  all  sorts  of  secondary  or  collateral  structures 
which  assist  in  the  transport  of  the  spores,  their  protec- 
tion during  this  period,  and  their  attainment  of  the  new 
host.  The  morphology  of  the  propagative  reproduction 
constitutes  the  means  of  characterizing  the  major  sub- 
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divisions  of  the  Sporozoa;  the  multiplicative  reproduc- 
tion varies  often  widely  among  closely  related  forms. 

The  two  sub-classes,  Telosporidia  and  Neosporidia,  are 
distinguished  by  the  fact  that  the  former  produce  spores 
only  at  the  close  of  the  vegetative  period,  while  the  latter 
do  so  during  the  entire  period.  For  the  identification  of 
a  sporozoon  a  vegetative  stage  is  rarely  sufficient;  the 
form  and  number  of  the  spores  produced  during  the  prop- 
agative  period  of  reproduction  are  characteristic. 

In  the  sub-class  Telosporidia  one  may  distinguish  two 
orders  on  the  basis  of  the  habit  of  the  parasites  and  the 
mode  of  fertiUzation  which  prevails.  Thus  in  the  Coc- 
•cidiomorpha  the  vegetative  stage  is  permanently  intra- 
cellular, while  the  sexual  generation  may  be  so  only 
transiently.  The  fertilization  is  anisogamous,  i.e.,  by 
fusion  of  differently  formed  gametes.  In  the  Gregarin- 
ida  on  the  other  hand,  the  vegetative  stage  is  intracel- 
lular only  at  the  start,  as  the  adult  organism  is  extracel- 
lular and  the  sexual  generation  also.  The  fertilization  is 
isogamous,  i.e.,  by  fusion  of  equal  and  similar  gametes. 
Under  the  order  of  the  Coccidiomorpha  are  included 
forms  which  until  recently  have  been  treated  as  much 
more  distinct.  But  more  careful  study,  particularly  of 
the  life  history,  has  shown  an  increasing  degree  of  like- 
ness until  they  are  now  included  in  the  same  order,  and 
mutually  opposed  to  the  Gregarinida  in  the  specific  cell 
parasitism,  and  in  a  similar  alternation  of  generations 
and  of  hosts  in  addition  to  the  features  pointed  out  in 
the  outline  of  the  system  given  above.  The  features 
which  serve  to  distinguish  the  two  sub-orders  of  the  Coc- 
cidiomorpha are  these:  The  Cooeidia  produce  sporozoites 
■encased  in  sporocysts;  with  the  exception  of  Legerella, 
the  copula  is  non-motile  and  remains  in  the  cell.  In  the 
Hsemosporidia  the  sporozoites  are  always  free,  the  copula 
is  an  active  ookinet,  and  migrates  to  a  new  location  be- 
fore undergoing  further  development. 

The  adult  Coccidia  occur  as  parasites  in  epithelial 
cells,  particularly  of  the  alimentary  canal  and  its  adnexa, 
though  the  excretory  organs,  the  male  sexual  organs,  and 
most  recently  the  spleen  are  also  reported  as  affected. 
While  the  protoplasm  of  the  host  cell  is  ordinarily  the 
seat  of  the  parasite,  there  are  not  wanting  such  as  occur 
in  the  nucleus  itself.  Only  rarely  is  more  than  a  single 
parasite  found  in  an  epithelial  cell. 

In  form  the  Coccidia  are  uniform  and  constant,  being 
spherical,  oval,  or  elliptical,  and  without  organs  of  loco- 
motion of  any  sort  or  organs  of  attachment.  Their  size 
is  regularly  insignificant.  A  noteworthy  characteristic 
is  the  absence  of  differentiation  into  ectoplasm  and  endo- 
plasm.  The  plasma  of  the  cell  is  finely  granular,  alveo- 
lar, and  without  reserve  bodies  or  food  vacuoles.  The 
nucleus  is  large,  vesicular,  and  characterized  by  a  single 
prominent  central  nucleolus.  No  contractile  vacuole  is 
present,  and  no  further  structural  differentiations  can  be 
noted.  The  cell  and  nucleus  increase  gradually  in  size 
at  the  expense  of  the  host  cell,  which  ultimately  in  most 
cases  degenerates  to  a  mere  empty  membrane  encircling 
the  coccidium. 

The  nucleus  of  the  now  full-grown  parasite  undergoes 
multiple  division,  the  protoplasm  arranges  itself  in  in- 
dividual masses  about  the  many  daughter  nuclei,  and 


Flo.  5208.— Eimeria  Stiedce,  Adult  Schizont  Completely  Divided  into 
Merozoites.  Cyst  formed  ol  degenerated  bost  cell  is  not  repre- 
sented.    Magriifled.     (After  Simond.) 

there  results  a  stage  in  which  a  rosette  of  young  forms 
(Fig.  5208)  encircles  a  central  portion  of  protoplasm, 
known  as  the  rehquary  body  or  residual  mass.  This  is 
without  nuclear  matter  and  destined  to  play  no  further 


part.  It  is  left  behind,  and  perishes  when  the  young 
forms  wander  out  to  infect  new  epithelial  cells  of  thi 
game  host  and  repeat  the  process  just  sketched.  This 
IS  evidently  the  multiplicative  reproduction  already  re- 
ferred to.  _  It  serves  to  effect  the  auto-infection  of  the 
host,  and  is  generally  known  as  the  period  of  asexual 


Fig.  5209.— B-Jmeria  hnminis,  Sporogony.  n,  h.  Oocyst;  c,  sporo- 
blasts  with  residual  mass ;  d,  sporocysts  with  contained  sporozoites. 
Magnified.    (From  Braun  after  Riek.) 

reproduction  or  schizogony.  The  cell  parasites  which 
undergo  these  changes  are  schizonts,  while  the  young 
forms  are  denominated  merozoites.  The  merozoites  are 
capable  of  active  movements  by  contraction  and  twist- 
ings,  or  with  a  gliding  movement,  in  which  a  trail  of 
mucus  is  left  behind.  The  growth  of  merozoites  to 
schizonts  in  the  epithelial  cells,  the  production  of  new 
merozoites,  and  the  infection  of  new  cells  proceed  often 
with  considerable  rapidity,  but  only  within  certain  limits, 
for  a  new  type  of  reproductionintervenes. 

In  this  which  regularly  begins  under  the  pressure  of 
excessive  infection  of  the  host,  the  merozoites  develop 
not  to  schizonts,  but  to  forms  of  two  sorts,  which  at  first 
sight  are  very  similar  to  schizonts,  and  but  little  differ- 
ent from  each  other.  The  one  form  is  opaque  with  a 
richly  granular  plasma;  the  other  has  a  clear  but  dense 
plasma.  The  opaque  form  is  the  female  gamete,  or  ma- 
crogamete,  and  attains  maturity  by  the  rejection  of  a, 
portion  of  its  nuclear  substance.  The  clear  cell,  known 
as  a  microgametocyte,  imdergoes  multiple  nuclear  divi- 
sion. The  many  nuclei  produced  then  migrate  to  the 
surface,  each  collects  a  small  part  of  the  plasma  about 
itself,  and  projects  as  an  elongated  spindle-shaped  struc- 
ture, the  microgamete  or  male  cell,  which  becomes  free, 
forms  two  flagella,  and  enters  upon  active  locomotion. 
The  maj  or  portion  of  the  microgametocyte  is  abandoned, 
and  subserves  no  further  function. 

The  microgametes  swarm  about  the  macrogametes, 
and  as  soon  as  one  has  succeeded  in  entering,  the  macro- 
gamete  forms  at  once  a  firm  membrane,  which  forbids 
entrance  to  other  microgametes.  The  two  nuclei  unite 
and  the  act  of  fertilization  is  completed.  The  product 
is  known  as  an  oocyst,  copula,  or  sporont,  and  forms  the 
starting-point  of  a  new  period  in  the  Ufe  cycle,  which  is 
that  previously  designated  as  the  propagative  reproduc- 
tion. It  is  also  known  as  the  sexual  spore-forming 
period,  or  sporogony,  and  in  most  coccidia  takes  place 
outside  of  the  host,  after  the  oocyst  has  been  evacuated 
in  f.'Eces  or  urine.  The  steps  in  the  process  of  sporogony 
may  be  outlined  next  in  general  terms  (Fig.  5209). 

The  nucleus  of  the  oocyst  (a)  divides  twice,  and  about 
the  four  daughter  nuclei  the  protoplasm  separates  into 
four  parts  known  as  sporoblasts  (!>),  and  sometimes  also 
a  residual  mass  of  protoplasm  (c).  Each  of  these  sporo- 
blasts surrounds  itself  wilh  a  firm  membrane  and  be- 
comes a  sporocyst  (d),  while  later  v.-ithin  each  sporocyst 
after  nuclear  division  two  sporozoites  are  formed  and  a 
residual  mass  of  protoplasm  is  left  unused.  The  sporo- 
zoites are  characteristically  sickle-shaped  or  crescer.tic, 
and  abandon  the  sporocyst  when  this  reaches  the  ali- 
mentary canal  of  the  new  host,  and  is  opened  by  the 
action  of  the  alimentary  secretions.  The  entrance  of 
the  sporozoites  into  the  epithelial  cells  and  their  growth 
to  schizonts  completes  the  life  cycle. 

This  typical  course  of  development  is  well  represented 
by  the  tabular  outline  given  by  Liihe  and  reproduced 
here.  The  stages  connected  by  a  single  vertical  fine  (!) 
are  successive  generations  in  the  Ufe  cycle;  those  oon- 
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neoted  by  the  sign  of  equality  (  =  )  are  produced  by 
growth  or  metamorphosis  within  the  single  generation. 


2.  Oocyst  oval,  33-49 /£  by  16-28 /<;  sporocyst  spindle- 
shaped  (rabbit,  man) E.  Stiedm  (Lind.) 


Development  op  Eimeria. 


Schizogony 
Coft  repeated). 


Sporozoite  =  Sebizont. 


Merozoite  =  Schlzont. 


Merozoite  =  Schizont. 


Mom^nif*  -  Srhi7nnt      Merozoite  =  ?  Macro-    Merozoite  =  i  Micro-    Merozoite  =  ?  Macro-  Merozoite  =  6  Micro-    Merozoite  =  Schizont 
meroisoire      auui^  gametocytc.  gametocyte.  gametocyte.  gametpcyte.  | 


etc. 

(Scliizogony  soon 

ceasing) . 


;  ?  Macrogamete. 


Sporogony. - 


$  Mlcrogamete. 


=  +  Macrogamete. 


J  Microgamete. 


Copula  =  Sporont  (Oocyst). 
Sporoblast  =  Sporocyst. 
Sporozoite  =  ScMzont. 


etc. 

(Scbizogony  soon 

ceasing). 


This  general  plan  of  development  is  modified  in  the 
individual  species  in  various  manner.  The  most  strik- 
ing modification  is  a  simplification  by  suppression  of  the 
entire  schizogenic  cycle,  so  that  the  macrogametes  and 
microgametocytes  arise  directly  from  the  sporozoites 
which  have  penetrated  epithelial  cells. 

The  coccidia  parasitize  almost  all  groups  of  the  animal 
kingdom,  and  are  distributed  over  the  entire  world,  al- 
though, as  might  be  expected,  the  majority  of  reports 
thus  far  made  concerning  their  presence  come  from 
European  countries. 

For  the  subdivision  of  the  group  Lager's  proposal  to 
use  the  number  and  form  of  the  sporocysts  and  of  the 
sporozoites  has  been  generally  adopted.  The  adjoined 
table  gives  a  review  of  the  common  genera  arranged  ac- 
cording to  Lager's  scheme. 


2.  Oocyst  spherical  or  cylindrical,  15-32  fi  by  11-17  n; 
sporocyst  oval  (mouse) E.  falciformis  (Schuberg) 

3.  Simple  forms.  Oocyst  oval  to  cyUndrical,  24—35  /i 
by  13-20  fi E.  hominis  (Riv.) 

3.  Twin  forms E.  bigemina  (Stiles) 

Eimeria  Stiedoe  (Lindemann  1865). — (Syn. :  Monocystis 
Stiedce  Lindemann  1865;  Psorospermium  cuniculi  Rivolta 
1878;  Coccidium  ovijorme  Leuckart  1879;  C.  cuniculi 
Railletl893;  Pfeifferiu princeps  La,hh6  1896;  Pfeifferella 
princeps  Labb^  1899.     Eimeria  cuniculi  Liihe  1902.) 

All  stages  are  known.  Oocyst  (Fig.  5210)  in  the  liver 
of  rabbit,  oval  0.033-0.049  mm.  long,  0.015-0.028  mm. 
broad.  Cyst  wall  heavy,  smooth,  with  opening  at  one 
pole.  The  coarsely  granular  protoplasm  completely  fills 
the  cyst,  but  later  contracts  to  a  spherical  mass  at  the 
centre  (0.017  mm.  in  diameter).     Spore  formation  out- 


Blpe  oocyst  contains . 


Numerous  sporozoites . 


Eight  sporozoites  . 
Four  sporozoites . . 


/■  No  sporocysts. 

ASPOKOCYSTIDEA Legerella. 

f  One  sporozoite Barroussla. 

Many  sporocysts  each  with \  Two  sporozoites Adelea. 

I        POLTSPOROCYSTroEA  Three  sporozoitcs Eucoccidium. 

L  Four  sporozoites Klossla. 

Two  sporocysts  each  with  four  sporozoites. 

DispoROOTSTiDEA Isospora. 

Four  sporocysts  each  with  two  sporozoites. 

Teteaspokocystidea Eimeria. 

Two  sporocysts  each  with  two  sporozoites Cyclospora. 


Some  confusion  has  prevailed  regarding  the  correct 
names  of  the  various  genera.  The  original  cause  of  this 
difficulty  rests  on  the  fact  that  the  two  phases  of  the  life 
cycle,  schizogony  and  sporogony,  were  discovered  and 
named  separately,  and  that  their  relations  as  parts  of  the 
development  of  a  single  species  did  not  become  known 
until  a  much  later  date.  All  of  the  human  parasites  thus 
far  recorded  from  this  group  fall  within  the  hmits  of  a 
genus  named  Coccidium  by  R.  Leuckart  in  1879,  and  this 
name  has  been  generally  incorporated  into  works  on  the 
subject.  At  a  very  recent  date,  however,  Stiles  and 
Liihe  have  independently  called  attention  to  the  fact  that 
the  name  Eimeria,  introduced  in  1875  by  Aim6  Schneider, 
has  the  right  of  priority,  and  must  replace  the  more  con- 
mon  form  according  to  laws  of  zoological  nomenclature. 
This  is  really  fortunate  from  the  general  standpoint  since 
the  name  coccidia  has  been  very  generally  used  for  the 
entire  group  as  well  as  heretofore  for  the  genus;  yet  this 
is  not  in  the  interest  of  precision,  and  may  evidently  lead 
to  serious  misunderstanding.  Henceforth  the  name  coc- 
cidia can  be  used  only  in  the  more  general  sense. 
_  The  genus  Eimeria  is  the  best  known  of  all.  Its  most 
important  characteristic  is  the  formation  in  each  oocyst 
of  four  sporocysts,  each  with  two  sporozoites.  A  resid- 
ual mass  of  protoplasm  is  always  present  in  the  sporo- 
cyst with  the  sporozoites,  and  a  similar  residual  mass  is 
sometimes  formed  in  the  oocyst  with  the  growth  of  the 
sporoblasts.  Of  the  many  species  assigned  to  this  genus, 
the  most  important  and  better  known  forms  which  are 
pathogenic  to  man  and  some  domestic  animals  are  in- 
cluded in  the  following  key: 

1.  Oocyst  with  residual  mass 2 

1.  Oocyst  without  residual  mass 3 
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side  the  host  requires  two  to  three  weeks.  The  entire 
sphere  divides  into  four  sporocysts  each  with  a  thick 
covering  and  with  a  length  of  0.012  to  0.015  mm.  and  a 
breadth  of  0.007  mm.  Two  comma-shaped  sporozoites 
are  formed  in  each  sporocyst,  and  a  granular  residual 
mass  of  protoplasm  lies  in  the  hollow  between  their  en- 
larged ends  (Fig.  5211).  The  sporozoites  are  set  free  by 
gastric  digestion.  They  ascend  the  gall  ducts,  penetrate 
the  epithelial  cells,  and  when  fully  grown  measure  0.02- 
0.05  mm.  in  length  by  0.02-0.039  mm.  breadth.  They 
divide  into  from  30  to  200  merozoites  (Fig.  5208)  which 
spread  the  infection.     Ultimately  the  formation  of  ma- 


FIG.  5210.— Eimeria  Sticda-.  Sporogony  from  Liver  of  Rabbit,  a. 
Young  oocyst;  b,  same  with  protoplasm  contracted  preparatory  to 
division ;  c,  same  divided  into  four  sporocysts,  each  containing  two 
sporozoites  which  have  already  developed.  Magnified,  (a,  b,  after 
Leuckart;  c,  after  Slmond.) 

cro-  and  microganietes  leads  to  the  fertilized  sporont 
stage,  the  oocyst. 

This  species  is  an  abundant  parasite  of  the  rabbit,  in 
which  it  parasitizes  in  the  epithelium  of  gall  ducts  and 
liver.     According  to  the  degree  of  infection  sooner  or 
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later  inflammation  and  proliferation  of  ttie  epithelium 
lead  to  the  formation  of  nodules  of  caseous  matter,  con- 
taining amid  various  remnants  coccidia  in  all  stages  of 
development.     These    conditions    may   lead   to   severe 


Tig.  5211.— Eimeria  Sliedm.  ii,  b,  Sporocysts  each  with  two  sporo- 
zoites  and  re.<!iaual  mass ;  c,  a  single  spoi-ozoite.  Highly  magni- 
fied.    (From  Eallliet,  after  Balbianl.) 

sickness  or  even  to  the  death  of  the  host;  in  other  cases 
the  animal  recovers,  as  the  process  of  schizogony  appears 
to  have  distinct  self-limitations.  The  infection  is  spread 
by  the  contamination  of  food  with  spore-infected  fseces. 

Several  cases  of  human  infection  are  on  record.  Evi- 
dently conditions  favor  such  infection  only  rarely.  To 
the  four  positive  cases  cited  by  Leuckart,  all  in  Germany 
and  Austria,  Silcock  has  added  another  from  London. 
A  number  of  doubtful  cases  are  also  included  here  by 
some  authorities.  The  observation  of  Thomas  in  Bos- 
ton, according  to  which  this  species  was  found  in  a  small 
cerebral  tumor  surrounded  by  bone  tissue,  has  little  to 
support  the  diagnosis  in  view  of  the  normal  condition  of 
the  liver  and  intestine,  and  has  been  universally  ques- 
tioiied  by  reviewers.  In  any  event  the  supposed  coc- 
cidia cannot  belong  to  this  species,  or  any  other  yet  re- 
ported from  man,  on  account  of  their  size  (0.014-0.022 
mm.  in  length).  They  correspond,  however,  in  size 
nearly  to  the  coccidia  reported  by  Stiles  from  sheep, 
which  belong  to  a  species  as  yet  unnamed.  More  prob- 
ably they  are  not  coccidia  at  all. 

Eimeria  hominis  (Riv.  1878),  nee.  R.  Blanchard  1895. 
— [Syn.:  Cytospermium  hominis  Rivolta  1878;  Cocci- 
dium  perforans  R.  Leuckart  1879;  C.  hominis  Railhet 
1893;  Pieifferella  princeps  (Labbe  1899)  in  part.] 

Oocyst  (Fig.  5209)  0.024-0.026,  or  even  0.035  mm. 
long  by  0.0128-0.014  or  even  0.02  mm.  broad,  plumper 
than  those  of  E.  Stiedce,  from  which  also  they  difter  m 
the  constant  presence  in  sporulation  of  a  residual  mass 
of  protoplasm  that  is  said  to  be  constantly  absent  m  the 
latter  species.  (Compare  Figs.  5209  and  5210. )_  Here 
also  only  three  to  four  days  are  necessary  to  brmg  the 
division  of  the  contents  of  the  oocyst  into  sporoblasts 
(sporocysts).  e-    c.  ■  j 

This  species,  which  is  so  closely  related  to  t.  tstiedoe 
that  many  authors  regard  them  as  identical,  parasitizes 


Highly  magnified.     (After  Stiles.) 

in  the  intestinal  epithelium  of  the  rabbit,  where  it  evokes 
serious,  often  fatal  epidemics.  Ra.  liet  and  Lucet  have 
demonstrated  that  infection  takes  place  by  the  ingestion 
of  ripe  spores,  and  rapid  schizogony  brings  about  m  a 


few  days  serious  auto-infection  involving  the  epithelium 
and  Ijieberkuhn's  glands  so  as  to  occlude  the  latter.  The 
forms  found  in  horse,  goat,  cattle,  sheep,  pig,  and  other 
wild  species  are  usually  regarded  as  varieties,  but  the 
considerable  differences  in  form  and  size  make  it  more 
probable  that  some  at  least  represent  distinct  species. 

Eimer  found  in  two  bodies  examined  in  Berlin  the  epi- 
thelium of  the  intestine  filled  with  coccidia,  and  even  in 
large  part  destroyed  by  them.  These  are  probably  refer- 
able to  this  species.  Other  authors  have  reported  the 
discovery  of  coccidia  in  human  fa?ces  at  various  times 
without  furnishing  data  for  the  determination  of  the 
species  concerned. 

Eimeria  bigemina  (Stiles  1891). — (Syn.:  Cytospermium 
villorum  intestinalium  canis  et  felis  Rivolta  1874;  Cocci- 
dium  bigemiiim  Stiles  1891.) 

Oocyst  (Fig.  5212)  0.012-0.015  mm.  by  0.007-0.01  mm. 
(in  dog),  or  0.008-0.01  mm.  bv  0.007-0.009  mm.  (in  oat), 
or  0.008-0.012  by  0.006-0.008  mm.  (in  polecat).  The 
oocyst  divides  into  tw'o  parts,  each  of  which  encysts  and 
forms  four  sporocysts.  The  oocysts  occur  not  in  the  epi- 
thelium, but  in  the  central  tissue  of  intestinal  villi  (Fig. 
5213). 

The  species  was  first  seen  as  early  as  1854  by  Fink, 
who,  however,  misinterpreted  the  character  of  the  ob- 
jects. It  has  often  been  confused  with  E.  hominis,  from 
which  the  above  characteristics  easily  distinguish  it.  A 
case  of  human  infection,  published  by  Virchow  in  1860, 
and  another  by  Grunow  in  1901,  very  probably  belong 
here.     The  description  given  by  Railliet  and  Lucet  of 


Fig   5313.— Etmerin  bigemina  In  Transsectlon  of  Villus  from  Intes- 
tine of  Dog.    Highly  magnified.     (After  Stiles.) 

coccidia  discovered  in  the  faeces  of  a  mother  and  child 
who  had  long  suffered  from  chronic  diarrhoea  corresponds 
well  with  this  species  in  the  small  size  of  the  bodies 
found,  and  is  also  probably  referable  to  it.  The  form  is 
evidently  only  an  occasional  parasite  of  man,  and  infec- 
tion probably  results  from  lack  of  cleanliness  or  too  inti- 
mate association  with  pet  dogs  or  cats.  It  may  be  that 
the  forms  discussed  as  varieties  from  different  hosts 
actually  represent  different  species.  Stiles  has  found 
this  species  in  dogs  killed  in  Washington,  D.  C. 

In  1906  Bancroft  and  Cross  recorded  its  occurrence  in 
dogs  at  Baltimore  and  gave  further  details  regarding  the 
structure  of  the  parasite. 

It  is  not  surprising  in  view  of  the  imperfect  acquaint- 
ance with  this  group  that  all  sorts  of  questionable  struct- 
ures should  be  referred  to  it.  They  are  all  such  as  have 
been  reported  from  man  usually  in  connection  with  some 
abnormal  condition,  and  frequently  also  on  the  basis  ot  a 
single  occurrence.  In  most  cases  only  scanty  data  are 
given  concerning  the  supposed  coccidia,  and  even  ot  the 
best  known  of  these  problematic  structures  too  little  can 
be  said  to  determine  their  true  nature  or  position  m  the 
zoological  scheme.  It  is  best  to  call  attention  to  certain 
of  these  cases  briefly,  in  order  that  if  possible  further  data 
should  be  accumulated  to  elucidate  their  real  character. 
The  form,  known  as  Coccidiodes  immihs  Rixtord  and 
Gilchrist,  doubtfully  included  here  in  the  first  edition  ot 
this  work,  has  been  shown  by  more  recent  studies  on 
later  cases  to  be  in  reality  a  species  of  Oidivm  I'or 
fi'ther  details  see  Jour.  Med.  Research,  1904,  19U5. 

There  are  other  reports  of  less  definiteness  than  those 
iust  considered,  and  some  of  the  questionable  structures 
noted  therein  have  found  an  explanation  withm  recent 

651 


Protozoa. 
Protozoa. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


times.  Thus  the  psorospermcysts  of  Lubarsoh  and  Eib- 
bert,  which  were  supposed  to  play  a  part  in  diseases  ot 
the  urinary  passages,  are  in  reality  metamorphosed  nests 
of  epithelial  cells  normally  found  in  the  urethra.  Ihe 
structures  found  by  Kiinstler  and  Pitres  in  pleural  exu- 
date and  interpreted  by  Blanchard  as  a  sporozoon, 
FAmma  hominis  JC  Blanchard  1895,  I  have  preferred  to 
interpret  as  Echinorhyvchvs  epgs  (C/.  Nematoda,_  page 
225).  More  uncertain  still  are  Severi's  "  monocystic  gre- 
garines"  from  the  lung  parenchyma  of  a  still-born  child. 


Fig.  5214.— Development  of  Planmodium  falciparum.  A,  E, 
O,  K,  Schizogony  In  human  blood ;  F',  L,  tormation  ot  gametes 
and  fusion  o(  same ;  M,  S,  T,  sporogony  in  mosquito.  Somewhat 
diagrammatic.  For  further  details  see  text.  (After  Neveu-Lemaire.) 

They  are  described  as  ova!  in  form ,  exceedingly  variable 
in  size  (0.003-0.03  byO.0015-0.015  mm.),  covered  by  a 
thin  membrane,  and  either  free  or  in  epithelial  cells;  it  is 
difficult  to  interpret  them  in  any  satisfactory  manner. 
Some  of  these  doubtful  structures  are  discussed  as  ap- 
pendices to  the  next  sub-order,  the  Hsemosporidia,  to 
which  they  show  a  certain  similarity. 

An  error  of  the  reverse  type  is  that  frequently  made  in 
the  past  of  diagnosing  eggs  of  parasites  as  coccidia. 
Thus  nematode  eggs  have  once  been  reported  as  coccidia, 
and  eggs  of  trematodes  many  things.  Were  it  not  for 
the  extremely  small  size  of  the  structures  described,  the 
case  of  J.  J.  Thomas,  noted  above,  concerning  coccidia 
in  a  brain  tumor  would  find  its  easy  explanation  in  this 
same  manner. 

The  Hmmosporidia,  like  the  Coccidia,  are  characteris- 
tic cell  parasites._  The  period  of  schizogony  or  multipli- 
cative reproduction  is  passed  in  the  blood  cells,  and  only 
very  exceptionally  in  the  cells  of  other  organs.  These 
stages  have  long  been  known,  and  with  them  a  few  pre- 
paratory stages  to  the  sporogonic  cycle,  although  the  lat- 
ter have  been  entirely  incorrectly  interpreted  as  degene- 
rative changes,  etc.     So  far  as  is  known  this  sporogonic 


cycle  takes  place  only  in  the  body  of  another  host ;  and 
for  the  Hsemosporidia  of  mammals  and  birds  this  host  is 
a  blood-sucking  insect  in  which  the  process  of  sporogony 
is  carried  out  in  the  wall  of  the  alimentary  canal,  and  the 
sporozoites  collect  in  the  salivary  glands,  whence  they 
are  injected  by  the  act  of  biting  into  a  new  host  to  start 
anew  the  schizogonic  cycle.  The  close  relationship  of 
these  forms  to  coccidia  is  evident  from  a  study  of  the 
life  history,  as  Doflein  indicates  most  aptly  in  calling 
them  coccidia  adapted  to  parasitism  in  the  blood  system. 

The  life  history  may  be  outlined  from  that  of  the  a;sti- 
vo-autumnal  parasite  (Fig.  5214).  The  earliest  stage  of 
the  parasite  which  occurs  in  the  erythrocs^tes  is  a  minute 
amoeboid  body  (A)  which  increases  rapidly  in  size,  mani- 
festing considerable  amoeboid  activity  (B-E).  In  con- 
nection with  the  growth  of  the  organism  particles  of  a 
black  pigment  matter,  named  melanin,  are  stored  up  in 
its  protoplasm  (/',  G).  The  nucleus  of  the  parasite,  at 
first  single,  begins  to  divide  rapidly  when  the  organism 
hiis  reached  its  maximum  .^iize  and  the  daughter  nuclei 
collect  about  the  rim  of  the  organism  (H).  Radial  lines 
of  division  appear  in  the  protoplasm  (7),  and  the  whole 
falls  into  a  group  of  young  germs  or  merozoites  (K) 
about  a  central  residual  mass  of  protoplasm  loaded  with 
the  pigment  already  referred  to.  The  merozoites  infect 
new  blood  cells,  and  the  process  of  schizogony  is  repeated 
until  conditions,  as  yet  unknown,  bring  in  a  new  set  of 
changes,  the  starting-point  of  another  cycle,  the  sexual 
phase,  or  sporogony. 

The  merozoites  develop  to  individuals  differently 
formed  from  the  schizonts  and  of  two  sorts,  the  one  finely 
granular  and  opaque  {G"),  the  other  hyaline  in  appear- 
ance with  a  few  conspicuous  pigment  granules  (G'). 
These  forms  are  shaped  like  a  bean  in  the  species  under 
consideration,  and  are  those  previously- designated  as 
half-moon  or  crescentic  bodies.  When  fully  grown  they 
desert  the  corpuscle  (H',  H")  assume  a  spherical  form 
(/',  /").  The  macrogamete  extrudes  a  portion  of  the  nu- 
clear substance  {K")  and  is  mature.  The  nucleus  of  the 
microgametocyte  divides,  the  parts  migrate  to  the  sur- 
face and  form  microgametes  by  a  small  accumulation  of 
plasma  about  each  {K'),  leaving  a  large  central  residual 
mass.  These  two  gametes  copulate,  their  nuclei  fuse, 
and  the  product  {M)  is  the  starting-point  of  the  sporo- 
gonic cycle,  the  sporont. 

The  changes  leading  to  the  perfection  of  the  sexual 
cells  take  place  only  after  the  blood  has  been  drawn  into 
the  stomach  of  the  new  host,  the  blood-sucking  insect. 
Abnormal  stimuli  may,  however,  bring  about  some  of 
the  changes,  as  in  cultures  of  malarial  blood.  The  copu- 
la acquires  an  ama?boid  form  {N)  necessary  for  its  attain- 
ment of  a  location  within  the  tissue  of  the  new  host. 
This  motile  stage,  which  has  been  denominated  the 
ookinet,  is  a  gregarine-like  organism,  and  penetrates  an 
epithelial  cell,  where  it  transforms  itself  into  an  immo- 
bile spherical  oocyst  (0).  After  nuclear  division  there 
are  formed  in  the  oocyst  numerous  sporo blasts  (P,  Q), 
which,  however,  never  acquire  a  heavy  membrane,  i.e., 
never  become  sporocysts  as  in  the  coccidia.  Each  sporo- 
blast  gives  rise  to  a  large  number  of  sporozoites  (ft,  S), 
which  are  set  free  into  the  body  cavity  of  the  insect  host 
by  the  rupture  of  the  wall  of  the  oocyst.  They  collect 
as  the  result  of  an  evident  chemotactic  influence  in  the 
salivary  gland,  and  are  injected  into  a  new  host  when 
the  insect  bites.  There  they  enter  the  erythrocytes  and 
the  life  cycle  begins  anew. 

The  organisms  included  in  this  sub-order  are  the  caiise 
of  serious  diseases,  and  their  number  is  being  rapidly  in- 
creased by  the  investigations  of  most  recent  times.  Many 
doubtful  forms  have  also  been  placed  temporarily  under 
this  heading,  so  that  it  is  impossible  to  give  a  synopsis  of 
the  genera,  or  to  fix  the  precise  limits  of  the  sub-order 
itself. 

Most  prominent  of  the  forms  which  are  included  here 
are  the  parasites  of  human  malaria.  Grassi  still  regards 
these  all  as  merely  varieties  of  one  species.  This  is  clear- 
ly doing  violence  to  the  ordinary  zoological  significance 
of  the  word.     On  the  other  hand,  several  in^'estigators 
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h^Y^,er°"Ped  them  into  two  genera,  a  plan  which  I  my- 
self followed  in  an  earlier  paper.  Here  they  will  be 
treated  as  three  species  of  one  genus  in  accord  with  a 
recently  expressed  view  of  Schaudinn,  and  with  the 
knawu  faets  regarding  thei:r  clinical  manifestations, 
structural  differences,  and  life  histories. 

The  genus  Plasmodium  includes  in  addition  to  these 
species  the  parasite  of  avian  malaria  also.  It  was  estab- 
lished in  1885  by  Marchiafava  and  Celli,  and  although 
the  name  is  employed  here  in  a  sense  utterly  at  variance 
with  its  meaning  as  a  term  in  general  scientific  use,  yet 
the  rules  of  zoological  nomenclature  call  for  its  retention. 
The  malarial  organism  was  first  seen  and  figured  by 
Klencke  in  1843  without  any  idea  of  the  significance  of 
the  structures  viewed.  Laveran  in  1880  was  the  first  to 
attach  etiological  significance  to  the  structures  he  de- 
scribed from  the  erythrocytes  in  cases  of  malaria.  A 
large  number  of  investigators  participated  in  the  gradual 
elucidation  of  the  schizogony  of  these  parasites.  It  was 
1896,  however,  before  Manson  set  forth  distinctly  the 
agency  of  the  mosquito  in  transmitting  the  disease.  Just 
a  year  later  Ross  actually  followed  for  the  first  time  the 
fate  of  the  parasites  of  avian  malaria  in  the  mosquito's 
stomaeh,  and  theii-  development  up  to  the  infection  of  a 
new  host  by  the  sporozoites.  Ross'  observations  on 
avian  malaria  were  confirmed  soon  after  by  Grassi  and 
other  Italian  investigators  for  human  species  of  the  ma- 
larial parasite. 

The  complicated  terminology  in  this  group,  due  to  the 
continual  changes  introduced  by  various  investigators, 
renders  it  advisable  to  give  here  for  general  information 
the  table  prepared  with  such  success  by  Liihe,  which 
shows  the  correspondence  in  the  nomenclature  of  the 
chief  investigators  of  recent  date.  The  terminology  of 
Schaudinn,  which  is  followed  in  this  article,  has  been 
more  generally  adopted  than  any  other,  and  ha=  much  in 
favor  of  it  from  every  standpoint.     (See  table  below.) 


Young  form  in  erythrocyte  small,  unpigmented ;  move- 
ment slow;  pigment  in  coarse  granules,  first  visible  in 
about  twenty-four  hours,  and  peripheral  in  position 
Movement  decreasmg  until  in  sixty  hours  after  the  at- 
tack, or  twelve  hours  before  the  next,  the  spherical  Plas- 
modia  fill  almost  the  entire  corpuscle.  Having  reached 
a_  diameter  of  about  0.007  mm.  schizogony  begins,  and 
nine  to  twelve  (rarely  six  to  fourteen)  merozoites  are 
formed  which  are  very  regular  (Fig.  5215,  e).     The  me- 
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Fig.  5216.— Plasmodium  malarim.  Schizogony,  o,  &,  Growth  of 
schlzont;  c,  nuclear  division:,  d,  formation -of  merozoites;  e,  re- 
lease of  same  by  destruction  of  erythrocyte,  residual  mass  at  upper 
side  of  group.    Magnifled.     (After  Bastianelli  and  Blgnami.) 

lanin  granules  move  in  radial  lines  and  collect  in  the 
central  residual  mass,  from  which  the  merozoites  sepa- 
rate themselves  in  seventy-two  hours.  The  synchron- 
ous release  of  these  germs  brings  another  paroxysm  at 
this  time,  whence  the  name  of  quartan  fever  for  the  dis- 
ease induced  by  this  species,  which  is  also  often  desig- 
nated the  quartan  parasite.  The  gametes  are  few  in 
number,  spherical,  and  characterized  by  active  stream- 
ing in  the  protoplasm.  The  sporogony  of  this  species 
in  Anopheles  goes  on  at  a  minimum  of  16.5°  C,  and 


Schaudinn, 

1899  and  Luhe, 

1900. 


Schizogony . 


Schlzont  .. 
Merozoite . 


Macrogamete. 


Microgameto- 
cyte. 

Microgamete . . 

Ookinete  (cop- 
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Sporozoite . 
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Boss,  1898. 
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Boss,  1899  and  1900. 


Sporocyst  Cyoung  form: 
amoebula  s.  myxopod) 

Spore ;  becomes  later 
after  entrance  into 
erythrocyte  amcebula 
(s.  myxopod). 

Macrogamete  (female 
gametocyte) ;  young 
form :  amoebula 
myxopod). 

Male  gametocyte  (young 
form;     amoebula 
myxopod) . 

Microgamete 


Zygote . 
Zygote . 


9 :  zygotomere. . . 
190O :     mere,    becomes 

blastophore. 
1899 ;  zygotoblast . . . 
1900 :  blast. 


Ray  Lankester. 
1900. 


Oudeterospore 
Nomospore  ... 


Gynospore.. 


Androspore . . . 
Gametospore . . 
Gametospore.. 


Gametoblast  s. 
gametoclast  s. 
filiform  young 


Haryey 

Gibson, 

1900. 


Ovum. 


Sperm  . . 
Oosperm 
Oosperm 


Zooid . 


Koch,  1899. 


Endogenous  de- 
velopment. 

Full  grown  par- 
asite. 

Theilungs- 
kSrper. 


Female  parasite 

Male  parasite  . . 

Spermatozoon.. 
Wiirmchen 


Coccidlenartige 
Kugel. 


Slchelkeim . 


Grassi,  1898-1899. 


Sporulation    (f  a  s  e 
asporulare). 

Amoeboid  form  . . 

1898 :  amoebula  . . 
1899:  sporozoite. 


Macrogamete 
s.  ooid. 


1899 :     mikrogame- 
togen. 

Mikrogamet  s.  sper- 

moid. 
1899 :  zygote 


1899:  zygote. 


9 :  spore 

1899:  sporozoite.... 


Exogenous    de-  Exogenous  develop- 
velopment.         ment. 


Grassi,  1900. 


Monogonia  (generazlone 
neutrale)  per  sporo- 
gonia  conitomica. 

Mononte. 

Sporozolto  (monogonico) . 


Makrospora 


Anteridio 


gametl. 


Microspora 

Vermlcolo  1 

!-amllonte. 


Masse  citoplasmatiche 
piti  0  meno  pollgonale. 

Sporozoito    (amflgonlco). 

Young     form :     sporo- 

blasto     s.     sporozoito- 

blasto. 
Amflgonia     Cgenerazione 

sessuale)  per  sporogonia 

conitomica. 


The  extensive  consideration  which  the  subject  has  re- 
ceived in  previous  articles  in  the  Reff-rence  Handbook 
(compare  Malaria,  Mosquito  in  Relation  to  Human  Path- 
ology, Plasmodium  Malarice)  renders  it  necessary  here 
to  insert  only  a  brief  diagnosis  of  the  three  species,  and 
refer  to  the  articles  noted  for  further  details. 

Plasmodium  malarice  (Laveran  1883). — (Syn.:  Oscil- 
laria  malarice  Laveran  1883 ;  Plasmodium  var.  quartana 
Golgi  1890;  Hcemamceba  malarice  Grassi  et  Feletti  1892; 
H.  Laverani  var.  quartana  Labb6  1894;  PI.  malarice 
quartanum  Labbe  1899.) 


stops  before  the  maximum  of  30°  C.  is  reached.  Plas- 
modium malarice  is  found  farther  north  than  either  of 
the  other  human  malarial  parasites,  but  does  not  ex- 
tend into  the  tropics. 

Plasmodium  vivax  (Grassi  et  Feletti). — (Syn.:  Hcema- 
mceba vivax  Gr.  et  Fel.  1892;  PI.  var.  tertiana  Golgi  1889; 
H.  Laverani  var.  tertiana  Labb6  1894;  PI.  malarice  terti- 
anum  Labb6  1899.) 

Young  stages  in  the  erythrocytes  are  very  active. 
Pigment  granules  are  fine,  and  light  brown  in  color. 
The  fully  grown  schlzont  completely  fills  the  red  cor- 
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puscle,  which  is  usually  swollen  and  bleached  in  color. 
This  stage  measures  0.008-0.01  mm.  in  diameter,  and 
produces  fifteen  to  twenty  merozoites  in  schizogony, 
which  requires  for  its  completion  just  forty-eight  hours, 


1st  Day 


2nd  Day 
(Fcvor) 


Fig.  5216.— Development  ot  Plmmndium  Dina.r  in  Relation  to  Tem- 
perature Curve  ol  patient.     (After  Dofleln.) 

whence  the  common  names  of  tertian  fever  and  tertian 
parasite.  The  pigment  forms  a  solid  mass  in  the  centre, 
and  the  merozoites  form  a  double  ring  about  it,  or  more 
frequently  an  irregular  mass.  Schizogony  occurs  pre- 
eminently in  the  spleen.  The  gametes  are  abundant  at  a 
certain  period,  of  spherical  form,  and  distinguished  from 
the  schizonts  above  all  in  the  form  of  the  pigment,  which 
is  in  coarse  granules  or  bacilliform  masses.  They  reach 
two  to  three  times  the  diameter  of  an  erythrocyte.  The 
sporogony  in  the  body  of  Anopheles  requires  eight  days 
at  a  temperature  of  28°-30°  C;  17°  C.  is  the  minimum 
for  this  stage  of  development.  This  corresponds  to  the 
occurrence  of  the  disease  in  the  tropics  and  subtropics. 
The  relation  of  the  body  temperature  of  the  host  to  the 
development  of  the  parasite  is  well  shown  in  the  accom- 
panying diagram  (Fig.  5216). 

Plasmodium  falciparum  Welch. — (Syn.:  Laverania 
malariw  Grassi  et  Feletti  1890;  Ha:m,amaeba  malarice 
prmcox  Gr.  et  Fel.  1892,  nee.  H.  prcECox  Gr.  et  Fel.  1890; 
Plasmodium  prcEcox  Doflein  1901). 

This  is  the  smallest  of  all  human  malarial  organisms. 
Fully  grown  schizonts  measure  only  0.005  mm.  in  diame- 
ter. Young  form  very  active;  pigment  moderate  in 
amount,  very  fine  in  peripheral  zone.  The  schizont  may 
also  remain  unpigmented,  and  this  form  has  been  re- 
garded as  a  separate  variety.  Multiple  infection  of  an 
erythrocyte  is  not  rare,  and  the  assumption  of  a  signet- 
rm§  form  is  very  common.  The  erythrocyte  shrinks 
durmg  the  growth  of  the  parasite.  In  schizogony  seven, 
ten,  or  twelve  merozoites  are  formed,  rarely  twelve  to 
fifteen,  and  these  are  small,  being  only  0.001-0.0015  mm. 


Fig.  m'T.-PlasmMium  falciparum ;  Development  in  stomach 
otAnopneles  claviger.  a,  Macrogamete  with  VSnSant  of  ervthro 
cyte ;  6,  same  one-hall  hour  after  ingestion  by  mosau?to  •  c  mtom 

isx^tirthrnSus^ws^K^^ 

in  diameter.  The  length  of  the  schizogonic  cycle  is  not 
well  determined,  as  the  process  takes  place  in  internal 
organs,  especially  the  spleen.  It  is  apparently  irregular, 
though  forty-eight  hours  seems  most  probable.     The 
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gametes  are  crescentic  or  reniform,  and  originate  espe- 
cially in  bone  marrow.  Further  changes  have  been  most 
carefully  followed  in  this  species.  In  the  stomach  of 
Anopheles  these  crescents  become  spherical  (Fig.  5217) 
and  the  microgametes  are  formed  and  set  free.  The  fer- 
tilization is  completed  by  the  fusion  of  a  single  micro- 
gamete  with  a  macrogamete;  and  the  resulting  motile 
ookinet  (Fig.  5218,  o)  penetrates  the  wall,  entering  first 


Fig.  5218.— Plasmodium  falciparum,  a,  Ookinet  in  stomach  of 
Anopheles  claviger  thirty-two  hours  after  ingestion ;  6,  transsec- 
tion  of  stomach  with  partly  developed  oocysts  several  days  later. 
Magnified.    (From  Braun,  after  Grassi.) 

an  epithelial  cell  and  coming  later  to  lie  between  the  lay- 
ers of  the  wall  (Fig.  5218,  6).  The  oocyst  forms  no  spe- 
cial covering,  but  increases  rapidly  in  size.  Sporoblasts 
and  then  sporozoites  are  formed ;  the  latter  have  a  length 
of  0.014  mm.  and  a  thickness  of  0.001  mm.,  and  are  pro- 
duced to  the  number  of  ten  thousand  in  a  single  oocyst. 
After  the  rupture  of  the  latter  they  accumulate  in  the 
salivary  gland,  lying  in  the  secretion  either  within  the 
cells  or  in  the  duct  itself,  whence  they  are  expressed  in 
the  act  of  biting  (Fig.  5219). 

The  sporogony  requires  eight  days  at  a  temperature  of 
28°-30°  C.  and  18°  C.  is  the  minimum  temperature  for 
the  infection  of  Anopheles.  This  species  gives  rise  to  the 
malarial  fever  designated  as  sestivo-autumnal,  perniciosa, 
tropica,  etc.,  and  is  epidemic  only  in  the  tropics  and  sub- 
tropics.  This  is  the  form  which  has  been  rated  as  a  rep- 
resentative of  another  genus,  Laverania  malaria,  by 
many  observers.  While  its  separation  from  the  genus 
Plasmodium  is  perhaps  a  convenience,  it  seems  hardly 
justifiable  on  scientific  grounds,  as  the  differences  be- 
tween it  and  the  other  species  are  not  of  generic  rank. 
_  Uncertain  Species. — According  to  the  work  of  certain 
investigators,  particularly  Celli,  there  exists  a  true  quo- 
tidian malarial  parasite,  which  is  related  to  Plasnwdium 


FIG.  5219.— Section  Through  Dorsal  Sao  ot  Salivary  Gland  from 
Anopheles  with  Groups  of  Sporozoites  ot  Plasmodium  falciparum 
both  in  gland  cells  and  in  duct.  Isolated  sporozoite  at  right  more 
highly  magnified.    (From  Lang,  after  Grassi.) 

falciparum,  _  although  smaller  and  completing  the 
schizogony  in  twenty-four  hours.  The  supposed  species 
is  found  in  Italy  particularly  in  summer  and  fall,  and  is 
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regarded  by  most  authors  as  at  most  a  variety  of  PI. 
falciparum.  Still  other  forms  from  tropical  regions  have 
been  regarded  as  distinct  species  without  sufficient  evi- 
dence as  yet  for  this  opinion. 

Among  American  investigators  Craig  has  especially 
emphasized  the  distinct  character  of  the  quotidian  va- 
riety which,  if  his  contentions  are  established,  should 
certainly  be  considered  a  distinct  species. 

There  are  yet  other  hsematozoa  of  which  it  may  be 
said  that  their  exact  relationship  has  not  been  sufficiently 
demonstrated  to  give  them  a  definite  place  in  the  sys- 
tem, but  which  in  all  probability  will  be  included  in  this 
sub-order,  though  evidently  not  in  the  same  genus  with 
the  malarial  organisms  just  described. 

In  this  connection  should  be  noted  the  parasite  of  the 
spotted  fever  or  tick  fever  of  the  Rocky  Mountains,  a 
new  disease  especially  virulent  in  the  valley  of  the  Bitter 
Root  River  in  Montana,  where  it  has  been  known  for 
twenty  years,  but  present  apparently  also,  though  in 
milder  form,  in  other  parts  of  Montana,  Idaho,  Wyo- 
ming, Nevada,  and  Eastern  Oregon. 

In  1902  Wilson  and  Chowning  described  ovoid  intra- 
corpuscular  bodies  in  stained  blood  smears  and  thought 
they  demonstrated  amoeboid  movements  of  such  struct- 
ures in  fresh  blood.  These  bodies  they  regarded  as 
hffimatozoa  and  named  Piroplasma  hominis.  Some  later 
observations  seemed  to  confirm  their  findings,  but  more 
extensive  studies  by  several  observers,  especially  Stiles 
and  Ricketts,  entirely  failed  to  demonstrate  the  real 
existence  of  the  supposed  organisms  which  were  in  part 
apparently  blood  platelets  and  furthermore  manifested 
such  wide  variations  as  to  indicate  their  multiple  origin. 
The  similar  organisms,  said  to  have  been  found  in  the 
gopher  {Citellus  columbianus)  and  after  experimental  in- 
jection recovered  from  rabbits'  blood,  have  also  failed  of 
confirmation,  while  Stiles  has  shown  the  marked  varia- 
tion from  known  types  of  piroplasmosis  manifested  by 
this  disease. 

On  the  other  hand,  Ricketts  who  had  searched  long 
and  vainly  for  the  organism  was  successful  in  1906  in 
demonstrating  that  the  disease  may  be  transmitted  to 
guinea-pigs  and  monkeys  by  injection  of  blood  from 
spotted-fever  patients  and  that  it  may  then  be  main- 
tained in  the  laboratory.  Later  the  indigenous  gopher 
was  shown  to  be  susceptible  to  inoculation  with  the  dis- 
ease. Ricketts  also  demonstrated  positively  that  both 
male  and  female  wood  ticks  {Dermacentor  occidentalis) 
could  transmit  the  disease  by  their  bites,  and  followed 
out  their  life  cycle  in  the  laboratory.  Whether  they  are 
mere  mechanical  vectors  or  act  as  true  intermediate 
hosts  is  as  yet  undetermined,  but  the  evidence  obtained 
indicates  that  under  some  circumstances  at  least  there  is 
hereditary  transmission  of  the  disease  to  a  second  gen- 
eration of  ticks.  Finally  Ricketts  showed  that  infected 
ticks  exist  under  natural  conditions  in  the  Bitter  Root 
Valley  and  that  the  virus  is  found  in  both  the  gut  and 
the  salivary  glands  of  the  infected  tick.  These  facts  in- 
dicate an  animal  organism  rather  than  a  plant  germ,  and 
a  plasmic  infection  rather  than  one  confined  to  blood 
cells.  Further  than  this  present  evidence  will  not  per- 
mit one  to  go  safely. 

Despite  many  reports  the  organism  of  yellow  fever  has 
probably  not  been  discovered.  It  is  apparently  a  h£e- 
matozoon  and  is  present  in  superficial  blood  only  dur- 
ing the  first  three  to  five  days  of  the  disease.  It  is  cap- 
able of  passing  through  the  pores  of  a  filter  and  is  not 
transmitted  by  fomites.  The  mosquito  Stegomyia  calo- 
pus  is  alone  capable  of  transmitting  the  organisms,  but 
only  after  an  interval  of  ten  to  fourteen  days  after  bit- 
ing. These  facts  accord  with  a  sporozoon  whose  life  his- 
tory includes  the  mosquito  as  an  intermediate  host  and 
a  sporogonic  cycle  having  a  length  of  ten  to  fourteen 
days.  The  organism  has  also  been  conjectured  to  be  a 
spirochajte,  some  of  which  pass  easily  through  the  pores 
of  a  filter;  and  one  observer  has  discovered  in  the  kid- 
ney an  organism  of  this  type  which  was  confined  to  the 
cells  and  lumina  of  the  tubules.  Thus  far  among  none 
of  the  spirochsetes  has  a  cycle  in  an  insect  host  similar 


to  that  of   the  yellow-fever  organism  in  the  mosquito 
been  definitely  established. 

Cyclasterion  scarlatinale  Mallory  1905.— (Syn  ■  Cvclm- 
ter  scarlatinalis  Mallory  1904,  non  Cott  1856)  '  Schizo- 
gonic  cycle  only  known.  In  and  between  cells  of  epider- 
mis and  in  subjacent  lymph  spaces.  Schizonts  round, 
oval,  or  slightly  elongated,  amoeboid  (?),  2  to  7  /j  in  di- 
ameter. Protoplasm  finely  reticulate,  becoming  coarser 
with  growth  when  they  reach  10  to  12  fi  in  diameter. 
Rosette  bodies  always  spherical,  4  to  6  ;«  in  diameter, 
with  ten  to  eighteen  segments  also  occur.  Fully  de- 
veloped rosettes  show  evidence  of  merozoites  separating 
and  moving  away.  The  coarsely  reticular  bodies  may 
be  stages  in  sporogony  (?). 

Superficially  these  bodies  manifest  a  close  resemblance 
to  the  Plasmodium  malarice  but  appear  one-third  larger. 
The  original  discovery  of  Mallory  has  been  confirmed  by 
some  observers  and  questioned  by  others.  The  latter 
regard  these  forms  as  degeneration  products  and  some 
even  claim  to  have  found  them  where  scarlet  fever  was 
positively  excluded.  Duval  was  able  to  collect  them  in 
large  numbers  from  vesicles  experimentally  produced  in 
the  groin  by  rapid  vesication.  Here  they  were  almost 
free  from  cellular  elements  of  the  body.  This  experi- 
ment and  the  morphology  of  the  organisms,  especially 
since  it  has  been  confirmed,  leave  little  doubt  of  their 
independent  nature.  Their  relation  to  scarlet  fever  still 
rernains  sub  judice,  though  probable.  Furthermore, 
their  zoological  position  at  this  point  is  largely  a  matter 
of  convenience.  They  have  also  been  interpreted  as 
species  of  Cytoryctes  (q.v.). 

Hffimatozoa  have  been  described  by  various  authors 
as  characteristic  of  beri-beri  or  kakk^,  an  endemic  form 
of  polyneuritis  particularly  prevalent  in  Japan  and  the 
Dutch  East  Indies.  The  infectious  nature  of  this  disease 
seems  to  be  generally  accepted,  and  at  different  times 
various  forms  of  possible  pathogenic  significance  have 
been  reported  from  the  blood.  The  most  recent  of  these 
are  amoeboid  bodies  resembling  malarial  parasites,  which 
have  been  studied  and  described  at  length  by  Glogner, 
and  especially  Fajardo.  The  latter  demonstrates  their 
presence  in  the  blood  in  peripheral  as  well  as  inner  or- 
gans, and  their  production  of  pigment  and  formation  of 
spores  of  some  sort ;  and  yet  the  possible  confusion  with 
malarial  or  other  haematozoa  and  the  lack  of  proof  con- 
cerning the  distinct  etiological  relation  to  beri-beri  have 
prevented  any  general  acceptance  of  the  role  assigned  to 
the  organism. 

In  leukaemia  also  Lowit  claims  to  have  discovered 
amoeboid  organisms  in  the  leucocytes,  and  to  have  fol- 
lowed their  development  even  to  sporulation,  i.e.,  schi- 
zogony. (For  further  details  see  Leukcemia.)  The  para- 
sitic nature  of  such  structures  cannot  be  regarded  as 
established  until  they  have  been  studied  in  life  and  not 
merely  in  preparations  of  fixed  blood. 

In  dengue,  an  infectious  disease  epidemic  in  hot  cli- 
mates, and  treated  at  length  in  an  earlier  volume  (q.v.), 
good  evidence  has  recently  been  furnished  that  the  cause 
is  a  protozoon  analogous  to  the  malarial  organism,  and 
like  it  transmitted  by  the  mosquito.  It  is  an  unpig- 
mented  pjrriform  body  found  in  the  erythrocytes  though 
not  abundantly,  and  is  present  in  second  and  third  at- 
tacks as  well  as  in  the  first.  The  development  is  slow, 
requiring  four  to  eight  or  even  ten  days,  and  in  general 
appearance  the  organism  suggests  Piroplasma  bigemi- 
num  of  Texas  fever  in  cattle  or  the  organism  of  spotted 
or  tick  fever  in  man  noted  above.  The  discoverer,  Gra- 
ham, also  found  spores  in  the  walls  of  the  stomach  and 
salivary  glands  of  the  mosquito,  though  this  portion  of 
the  life  history  has  not  yet  been  clearly  described;  in 
one  case  the  time  required  for  it  was,  however,  only  forty- 
eight  hours.  In  this  case  it  is  Ciilex  fatigans  which 
harbors  the  organism  and  transmits  it,  although  other 
species  may  also  be  responsible.  Graham  has  recently 
reported  inoculation  experiments,  the  results  of  which 
leave  little  doubt  as  to  the  cause  of  the  disease  and  the 
method  of  transmission.  The  studies  of  Eberle,  working 
on  an  epidemic  of  dengue  in  the  Philippines,  confirm  in 
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part  the  schizogonic  cycle.  He  finds  the  cycle  requires 
only  twenty  hours  and  six  to  ten  schizonts  are  produced. 
During  the  continuance  of  high  temperature  the  organ- 
isms are  abundant  in  the  blood. 

A  long  series  of  contributions  concerns  objects  of  sup- 
posed protozoan  character  which  have  been  brought  into 


Fig.  5320.— SrtTOOCi/sMs  tenella.  Longitudinal  section  of  young 
stage  with  'newly  formed  uninuclear  pansporoblasts.  Magnlfled. 
(From  Wasielewski  after  Bertram.) 

etiological  connection  with  various  pathological  conditions 
of  themost  diverse  type  by  investigators.  Such  are  the 
pseudococcidia  of  epitheliomata,  of  sarcomata,  of  mol- 
luscum  contagiosum,  etc.  Three  views  obtain  as  to  the 
nature  of  these  bodies,  according  to  which  they  are  blas- 
tomycetes  or  myxomycetes,  sporozoa  or  other  protozoa, 
and  finally  degenerative  cell  products.  It  cannot  be 
said  that  their  animal  nature  has  been  at  all  clearly  de- 
monstrated, and  beyond  the  mere  mention  they  have  no 
fight  to  consideration  in  this  article. 

In  the  subclass  Neosporidia  are  included  forms  which 
in  the  adult  condition  are  multinuclear,  and  which  pro- 
duce spores  during  the  entire  vegetative  period.  Spore 
formation  is  very  characteristic.  The  organism  forms  a 
number  of  pansporoblasts,  which  divide  again  to  form 
sporoblasts.  The  latter  acquire  a  membrane  and  trans- 
form themselves  with  somewhat  complicated  changes 
into  sporocysts,  each  of  which  develops  within  itself  only 
a  single  sporozoite.     Of  the  orders  both  the  Sarcospo- 


FiG.  5Z21.—Sarcocvstis  mieacheriana.  a-d,  Development  of  sporo- 
zoites  from  sporoblasts ;  e,  full-grown  sac,  dissected  out  from  muscle 
fibre,  the  radially  striated  capsule  torn  on  the  right  to  show  the 
pansporoblasts  within.  Magnlfled.  (From  Wasielewski,  after  Manz.) 

ridia  and  the  Microsporidia  are  of  importance   here; 
they  are  but  imperfectly  known. 

The  Sarcosporidia  possess  an  oval,  elongate,  or  saccu- 
late  body  (Fig.  5220),  in  which  paasporoblasts  are  formed 
at  a  very  early  period.     They  parasitize  at  first  intra- 


cellularly  the  muscle  fibres,  but  by  the  degeneration  of 
these  come  to  lie  in  connective  tissue  and  develop  to 
oval  or  spherical  bodies  of  considerable  size.  In  the 
youngest  stages  yet  found  uninuclear  spheres  0.004- 
0.005  mm.  in  diameter  with  relatively  large  nuclei  (0.002- 
0.003  mm.)  occur  in  the  endoplaam.  The  protoplasm 
forms  a  frame-work  between  these  young  pansporoblasts 
which  increase  in  size  with  age  and  become  also  multi- 
nuclear.  While  at  the  ends  of  the  sacculate  body  new 
pansporoblasts  are  continually  being  formed,  in  the  older 
ones  nearer  the  centre  the  contents  divide  into  many 
finely  granular  pale  spheres,  the  sporoblasts. 

In  each  of  the  latter  is  formed  a  single  sporozoite 
which  gradually  assumes  the  definite  form  (Fig.  5221, 
a-d).     These  sporozoites  are  usually  reniform,  sickle- 
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Fis.  5222.— Srtreocj/s(i«  Lindemannl  Irom  Human  Larynx  (except 
h).  «,  Longitudinal  section  of  muscle  fibre  with  fully  developed 
sac.  X  250.  c,  Transverse  section  of  same.  X  250.  e,  Section 
showing  chambers  emptied  of  pansporoblasts.  X  565.  d,  Sporo- 
zoite. X  1,350.  &,  Sporozoites  of  S.  Blanchardi  with  polar  fila- 
ments. X  875.  (/J,  From  Wasielewski,  after  van  Ecke;  other 
figures  from  Doflein,  after  Barbaran  and  St.  Remy.) 

shaped,  or  crescentic  and  very  small.  Some  investiga- 
tors claim  to  have  discovered  a  polar  capsule,  and  this 
has  been  partly  confirmed  by  some  later  observers. 
Polar  filaments  are  present  in  some  cases  (Fig.  5222,  6). 
Theobald  Smith  has  observed  the  movements  of  the 
sporozoites,  and  finds  that  in  Sarcocystis  muris  there  is  a 
peculiar  gliding  with  sudden  revolutions  on  the  long 
axis.  This  is  cai-ried  out  without  the  assistance  of 
flagella.  Smith's  experiments,  which  were  very  pains- 
taking and  extended  over  three  years,  demonstrate  for 
this  species  direct  infection  by  feeding  muscle  tissue  in 
which  was  present  the  parasite  with  ripe,  mobile  sporo- 
zoites. Sarcosporidia  are  parasitic  in  vertebrata,  chiefly 
mammalia,  and  are  common  in  many  domestic  animals. 
Miescher  in  1843  found  these  parasites  first  as  cylin- 
drical sacs  in  the  voluntary  muscles  of  the  house  mouse. 
Some  years  later  Rainey  found  similar'  structures  in  the 
muscles  of  the  pig,  and  the  common  names  of  these 
structures,  often  visible  to  the  naked  eye,  are  associated 
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with  these  two  investigators.  The  group  has  been  but 
little  studied,  and  the  system  is  so  imperfectly  developed 
that  it  is  advisable  to  omit  all  further  mention  of  it,  and 
to  pass  at  once  to  a  consideration  of  the  one  species 
which  has  been  certainly  obtained  from  the  human  body. 
Sarcocystis  Lindemanni  (Rivolta  1878). — (Syn. :  Grega- 
rina  Lind^manni  Hivolta,  1878;  Sarcocystis  hominis  Ro- 
senberg 1892;  S.  Lindemanni  Labb6  1899.) 

Protoplasmic  body  from  the  muscle  fibres  of  the  vocal 
cords,  from  0.15  to  1.6  mm.  long  and  from  0.077  to  0.17 
mm.  thick;  membrane  delicate,  somewhat  thickened  at 
the  ends  (Fig.  5222,  a),  body  distinctly  chambered  (Fig. 
5222,  e).  Spoi'ozoites  (d)  banana  shaped,  exceedingly 
numerous,  0.008-0.009  mm.  in  length. 

The  most  certain  case  is  that  of  Baraban  and  St.  Remy, 
who  found  this  form  in  the  body  of  a  criminal  executed 
at  Nancy.  All  the  specimens  of  the  parasite  were  in  the 
same  stage  of  development.  The  infected  muscle  fibres 
were  swollen  to  fourfold  their  normal  thickness.  Several 
other  uncertain  cases  are  on  record.  As  Theobald  Smith 
remarks,  the  muscular  system  is  not  subject  to  the  scru- 
tiny which  the  viscera  undergo  in  pathological  investiga- 
tions, so  that  the  presence  of  these  forms  may  be  much 
more  frequent  and  important  than  appears  as  yet.  In 
the  case  of  S.  muris  Smith  has  shown  that  the  feeding  of 
muscle  tissue  containing  ripe  mobile  sporozoites  to  gray 
and  white  mice  is  followed  by  an  invasion  of  the  rnuscle 
fibres  by  the  parasites,  which  readily  become  recognizable 
after  the  forty-fifth  day.  Nothing  is  known  regarding 
the  development  of  S.  Lindemanni. 

Among  the  Neosporidia  and  included  in  the  order  of 
Microsporidia  are  forms  as  yet  poorly  known  which  give 
rise  to  disease  of  great  economic  importance  among 
lower  animals.  Chief  of  these  is  probably  Nosema  bom- 
byces  which  produces  the  famous  p6brine  disease  of  silk 
worms.  Here  belong  probably  also  the  following  hu- 
man parasites: 

Rhinosporidium  hinealyi  Minchin  and  Fantham  1905. 
■ — "Voungest  stage  granular,  protoplasmic,  irregular,  pos- 
sibly amceboid,  multinucleate  masses  in  submucous  con- 
nective tissue,  measuring  1  to  1.5  ii_  in  diameter.  After 
formation  of  a  cyst  wall  each  gives  rise  to  spherical  pan- 
sporoblasts at  first  only  2  to  2.5  ji  in  diameter.  These 
develop  progressively  from  the  centre  toward  the  periph- 
ery of  the  mass  at  the  expense  of  the  peripheral  zone  of 
protoplasm.  The  developed  pansporoblasts  measure  5 
to  6  /i  and  are  surrounded  by  a  cell  wall  which  encloses 
minute  spores,  from  four  to  fifteen  in  each  spore-morula. 
The  spores  are  minute  spherical  bodies  each  with  a  sin- 
gle nucleus.  According  to  Beattie  some  show  in  addi- 
tion a  smaller,  similarly  stained  granule,  in  general  ap- 
pearance much  like  that  of  the  Leishman-Donovan  body. 
By  bursting  of  the  cysts  the  spore  morulae  are  scattered 
in  the  surrounding  tissue.  This  endogenous  reproduc- 
tion explains  the  tendency  to  recurrence  manifested  by 
the  tumors  which  the  organism  produces. 

The  parasite  gives  rise  to  small,  pedunculated  tumors 
in  the  nasal  fossae.  The  tissue  is  studded  with  minute 
white  dots  visible  to  the  naked  eye,  which  appear  under 
the  microscope  as  cysts  filled  with  granular  bodies  in 
three  zones  as  noted  above.  Many  cases  are  on  record 
from  India,  where  the  growth  appears  to  be  common 
among  natives.  A  single  case,  recently  reported  by 
Wright,  concerns  a  farmer  who  had  never  been  away 
from  the  vicinity  of  Memphis,  Tenn.  The  location  of 
the  growth  near  the  vestibule  of  the  nose  suggests  infec- 
tion through  the  work  of  the  finger  nails. 

The  method  of  spore  formation  manifests  affinities 
with  the  Neosporidia,  and  yet  in  the  absence  of  knowl- 
edge concerning  the  life  cycle  and  the  peculiar  nuclear 
conditions  more  precise  relationship  cannot  be  deter- 
mined. Until  its  definite  relationship  becomes  clearer 
the  organism  may  tentatively  be  placed  among  the  Mi- 
crosporidia, in  spite  of  some  radical  differences  between 
it  and  members  of  that  group. 

The  class  Infusoria  holds  the  highest  rank  among  Pro- 
tozoa, and  its  members  are  at  once  distinguished  by  the 
presence  of  peculiar  organs  of  locomotion  in  the  form  of 
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fine  hair -like  protoplasmic  processes,  the  cilia,  which  are 
present  in  at  least  some  part  of  the  life  history  of  all  in- 
dividuals in  the  group.  By  virtue  of  the  greatly  inferior 
length,  the  much  larger  number  present  on  each  animal, 
and  the  simple  synclironous  movement  cilia  are  easily 
distinguished  from  flagella.  The  external  zone  or  ecto- 
plasm is  more  highly  differentiated  than  in  the  forms  of 
Protozoa  thus  far  considered,  and  the  body  has  in  conse- 
quence a  more  permanent  form,  which  tends  to  acquire 
in  all  free  species  a  bilaterally  symmetrical  structure. 
In  the  ectoplasm  one  finds  special  contractile  fibrils,  or 
myophanes,  and  peculiar  unexplained  bodies  known  as 
trichocysts.  The  cilia  are  arranged  in  rows,  and  occa- 
sionally fuse  into  vibrating  membranes  or  stylet-shaped 
masses,  cirri,  in  furtherance  of  the  motor  function.  The 
firm  ectoplasm  forms  at  the  mouth  opening  (cytostome) 
a  groove  (peristome),  or  a  peculiar  funnel-shaped  pit 
(cytopharynx),  which  serves  to  admit  food  particles  to 
the  interior  of  the  body.  A  differentiated  anal  orifice 
(cytopyge)  is  only  rarely  found.  The  contractile  vacuole 
is  always  present,  and  often  two  or  more  occur  with  a 
more  or  less  extended  canal  system  branching  in  all  di- 
rections. 

One  of  the  most  striking  peculiarities  is  found  in  the 
nuclear  conditions.  Typically  two  nuclei  are  present;  a 
large  somatic  nucleus  or  macronucle\}s,  and  a  small  sex- 
ual nucleus  or  micronucleus,  which  usually  lies  close  to 
the  former.  The  macronucleus  is  always  single,  but 
there  may  be  several  mioronuclei  to  each  cell.  The  or- 
dinary process  of  reproduction  is  fission  or  gemmation, 
and  in  this  the  macronucleus  divides  amitotically  while 
the  micronucleus  undergoes  indirect  or  mitotic  division. 
At  times  one  finds  conjugation,  or  temporary  and  partial 
fusion  of  two  individuals  with  the  destruction  of  the 
macronuclei  and  of  a  certain  portion  of  each  micronu- 
cleus, while  the  remainder  of  each  micronucleus  on  each 
side  is  divided  equally  between  the  two  individuals. 
From  the  portions  of  the  micronuclei  fused  there  ai'ise 
new  macronuclei  and  micronuclei.  This  process  has 
generally  been  looked  upon  as  one  of  rejuvenation,  and 
necessary  for  the  continued  existence  and  reproductive 
power  of  the  individual.  Certain  recent  investigations 
leave  this  somewhat  uncertain.  The  complicated  de- 
tails of  the  process  find,  however,  an  evident  parallel  in 
changes  connected  with  the  fertilization  of  higher  forms, 
or  the  union  of  egg  and  sperm  cells. 

Encystment  is  frequent,  and  the  evident  means  of  pro- 
viding for  unfavorable  changes  in  environment,  such  as 
drought,  temperature  changes,  etc.  In  parasitic  forms 
it  is  related  to  the  necessary  interval  of  transport  to  a 
new  host.  In  the  majority  of  cases  these  protozoa  are 
commensals  rather  than  true  parasites,  and  in  some  in- 
stances are  even  said  to  be  of  mutual  advantage  to  the 
host,  and  consequently  symbiotic  in  character.  The  two 
subclasses  are  distinguished  on  the  basis  of  the  perma- 
nence of  the  ciliary  covering,  which  is  constantly  present 
in  the  Ciliata,  save  during  encystment,  but  which  is 
found  only  in  the  young  forms  of  the  Suctoria.  The 
latter  are  also  supplied  with  peculiar  sucking  tubes  for 
taking  in  nourishment.  They  do  not  furnish  any  forms 
found  in  the  human  body. 

The  Ciliata  are  present  in  large  numbers  in  all  fresh- 
water bodies,  and  manifest  great  variety  of  structure. 
They  furnish  many  ectoparasitic  species  on  water-living 
vertebrates  and  a  few  endoparasitic  in  higher  forms,  in- 
cluding man.  The  various  orders  into  which  the  Ciliata 
are  divided  are  based  upon  the  number  and  arrangement 
of  the  cilia  in  the  adult  form.  Only  two  of  these  orders 
call  for  attention  here.  In  the  Holotricha  there  is  no 
spiral  zone  of  prominent  cilia  or  membranella?,  leading 
to  the  cytostome,  and  the  body  possesses  only  small  ciha 
which  are  more  or  less  generally  distributed.  The  Het- 
erotricha  have  an  adoral  spiral  zone  of  larger  cilia,  but 
the  remainder  of  the  body  is  uniformly  finely  ciliated. 

Of  the  Holotricha  one  species  has  been  reported  from 
man.  It  belongs  to  the  genus  Chilodon,  the  distinctive 
features  of  which  are  included  in  the  description  of  the 
species  which  follows. 
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Chilodon  derdatus  (Dujardin  1841).— (Syn.:  Loxodes 
dentatus  Duj.  1841;  Ch.  dentatus  Guiart  1903.) 

Oval,  35-55  /i  long  by  25-35  /i  broad,  flattened  in  ven- 
tral face,  dorsal  aspect  strongly  arched.  Anteriorly  a 
flexible  membranaceous  projection  curved  toward  the 
left  and  carrying  several  rows  of  cilia  on  the  lower  as- 
pect. Granular  endoplasni  confined  to  posterior  inflated 
region;  ectoplasm  in  a  thin  peripheral  layer  and  forming 
the  anterior  projection.  Mouth  ventral,  in  anterior  por- 
tion of  the  endoplasmic  region,  normally  contracted  and 
hardly  visible,  cytopharynx  directed  dorsally  and  re- 
curved ventrad  so  as  to  form  almost  a  complete  circle. 
Two  contractile  vacuoles,  macronucleus  large,  spherical, 
in  posterior  region. 

This  infusorian  has  been  found  once  by  Guiart,  as  a 
parasite  of  the  human  intestine  in  Paris,  France.  The 
animals  were  present  in  large  numbers  in  the  mucus 
from  dysenteric  stools.  Care  was  taken  to  control  the 
source  of  the  parasite  and  to  avoid  contamination  from 
external  sources,  with  the  result  of  obtaining  from  the 
dejecta  on  the  second  day  after  passage  pure  cultures  of 
the  infusorian.  It  is  a  common  free-living  species,  and 
must  be  classed  in  this  instance  merely  as  an  accidental 
parasite.  Close  examination  of  fa;cal  discharges  will  un- 
doubtedly show  the  occasional  occurrence  of  many  such, 
especially  when  the  resting  spores  happen  to  be  abundant 
in"the  local  supply  of  drinking-water.  In  this  case  there 
is  nothing  to  show  that  the  resting  spores  did  not  simply 
make  the  passage  of  the  canal,  and  then  develop  almost 
at  once  in  the  discharges.  The  extreme  sensitiveness  of 
the  species  to  changes  in  the  environment,  which  has 
been  commented  upon  by  Guiart  himself,  makes  this  ex- 
planation of  the  case  more  probable.  One  should  recall 
in  this  connection  the  record  of  Sohaudinn,  that  the  rest- 
ing spores  of  a  Rhizopod,  Chlamydopkrys  stercorea,  must 
make  the  passage  of  the  alimentary  canal  in  man  or  other 
animals  in  order  to  undergo  development.  In  this  case, 
indeed,  the  resting  spores  open  in  the  colon  and  an  amoe- 
boid organism  emerges  which  does  not  assume  the  tes- 
taceous form  of  the  adult  until  after  the  faeces  are  dis- 
charged from  the  body. 

The  order  of  the  Heterotricha,  already  generally  char- 
acterized, includes  three  species  under  two  genera,  which 
have  been  reported  from  the  human  host.  The  first  be- 
longs to  the  genus  Nyctothems  Leidy  1849,  which  con- 
tains flattened  reniform  species  with  a  peristome  along 
the  concave  side  from  the  anterior  pole  to  the  cytostome 
at  the  centre.  The  cytopharynx  is  more  or  less  arcuate. 
The_  macronucleus  is  large  and  nearly  central  in  location. 
A  single  contractile  vacuole  is  present.     The  species  of 
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Fig.  SZZS.—Nvatntherm  faha,  Llyinsr.  c.d..  Contractile  vacuole : 
ma.n  macronucleus ;  mi.n.,  njioronuoleus ;  p,  peristome.  Mag- 
nified.    (After  Schaudlnn. ) 

this  genus  occur  as  parasites  in  the  alimentary  canal  of 
Anura,  Myriapoda,  and  Jnsecta.  A  single  form  has  been 
found  twice  in  the  human  alimentary  canal. 

Nyctotherus  faba  Schaudlnn  1899. — Body  reniform, 
somewhat  flattened  dorsoventrally,  left  side  convex! 
right  concave  and  notched  in  the  centre.     Anterior  end 


bent  to  the  right  a  little,  and  on  the  right  side  slightly 
cut  out;  posterior  end  broadly  rounded  (Fig.  5223) 
Length  0.026-0.028  mm.,  breadth  0.016-0.018  mm.^ 
thickness  0.01-0.012  mm.  Peristome  a  narrow  longi- 
tudinal slit  just  at  right  margin  of  body,  extending  from 
near  anterior  end  to  middle  of  body.  Cytopharynx 
tubular,  short,  and  without  guide  spine  at  entrance. 
Cilia  very  fine  and  delicate  as  well  as  short.  Ectoplasm 
thin,  endoplasm  granular,  alveolar  and  without  food 
vacuoles.  Contractile  vacuole  large,  located  left  of  mid- 
dle, near  posterior  end,  emptying  through  the  special 
anal  tube.  Macronucleus  spherical,  0.006-0.007  mm.  in 
diameter,  with  chromatin  in  four  or  five  solid  masses 
near  periphery,  leaving  the  intervals  filled  by  a  non- 
staining  linin  network.  Micronucleus  0.001-0.0015  mm. 
in  diameter,  spherical  or  oval,  ordinarily  next  the  ma/- 
cronucleus.  Fission  and  conjugation  were  not  observed. 
Encysted  form  oval,  easily  recognized  by  the  strange 
macronucleus. 

This  species  has  been  found  only  once  in  Berlin  in  a 
patient  suffering  alternately  from  diarrhoea  and  constipa- 
tion. It  occurred  in  large  numbers  in  the  fseces  taken 
direct  from  the  intestine,  and  was  accompanied  by  Bal- 
antidium  minutum  and  eggs  of  Anguillula  (?)  and  An- 
chylostoma.  The  species  has  an  especial  interest  here, 
since  the  German  physicians  suggest  from  the  history  of 
the  case  that  the  infection  may  well  have  been  attained 
in  the  United  States,  where  the  patient  had  lived  for 
some  time  previously.  A  pathogenic  role  has  not  been 
attributed  to  the  species. 

Castellani  has  described  as  Nyctotherus  africanus  a 
ciliate  found  in  1905  in  a  Baganda  negro.  It  was  in 
form  like  a  butter-ladle,  40  to  50  /i  long  by  25  to  40  ft 
wide,  covered  by  fine  cilia  except  at  the  basal  margin 
where  longer  cilia  are  present.  In  arrangement  of 
chromatin  the  macronucleus  resembles  that  of  A',  faba. 
Neither  oral  groove  nor  food  vacuoles  were  observed. 
Its  peculiar  form  will  not  permit  its  inclusion  in  this 
genus.  No  pathological  significance  could  be  attributed 
to  the  parasite. 

Stiles  reports  in  recent  correspondence  that  he  has 
encountered  several  cases  of  ciliate  infection  which  could 
not  be  identified  and  at  the  time  more  exact  study  was 
impracticable.  The  attention  of  physicians  should  be 
directed  more  carefully  to  this  group  of  organisms. 

Writers  on  tropical  diseases  recognize  generally  a  type 
of  protozoal  dysentery  which  they  attribute  to  "  Balan- 
tidium."  A  recent  contribution  records  a  similar  case 
from  Utah.  A  more  precise  study  of  these  organisms 
and  of  their  life  cycle  is  imperatively  demanded,  since 
data  are  lacking  to  show  what  species  is  concerned, 
if  indeed  the  organism  actually  belongs  to  the  genus 
named. 

The  genus  Balantidivm  includes  species  of  oval  or 
ellipsoidal  form,  circular  in  transsection,  with  the  ante- 
rior end  somewhat  tapering.  The  peristome  has  the 
form  of  a  flattened  funnel  with  the  cytostome  at  its  base. 
Two  contractile  vacuoles  on  the  right  side,  sometimes 
two  others  on  the  left.  Cytopyge  terminal;  macronu- 
cleus oval  or  reniform.  The  five  known  species  are  para- 
sitic in  the  alimentary  canal  of  man  (two  species),  pig 
(one  species),  and  amphibia,  and  in  the  body  cavity  of 
polychnptous  annelids.  For  the  distinction  of  the  hu- 
man parasites  a  key  to  all  five  species  is  necessary.  That 
given  here  is  taken  from  Schaudlnn. 

1.  Peristome  extends  to  equator  of  body  or  further,  cyto- 

pharynx present 2 

Peristome  much  shorter,  cytopharynx  wanting.  . .  .3 

2.  Four   contractile   vacuoles,    macronucleus   reniform, 

cyst  spherical B.  entozoon  Clap.  andLachm. 

One  contractile  vacuole,  macronucleus  spherical,  cyst 
oval B.  minutum  Schaudlnn 

3.  Two  contractile  vacuoles 4 

One  contractile  vacuole,  macronucleus  oval,  cyst  sphe- 
rical   B.  diwdeni  Stein 

4.  Body  elongated,  spindle-shaped,  or  cylindrical, 

B.  elongatum  Stein 
Body  oval B.  coli   Stein 
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Balantidium  coli  (Malmsten  1857).— (Syn.:  Paramcs- 
dum  coli  Malmsten  1857;  B.  coli  Stein  1867.) 

Form  oval,  slightly  truncated  anteriorly  with  very 
short  infundibuliform  peristome  which  lies  just  to  the 
right  of  the  anterior  tip  and  leads  to  a  short  cytopharynx 
(Fig.  5224).  Body  0.07-0.1  mm.  long  by  0.05-0.07  mm. 
broad.     Ectoplasm  and  endoplasm  distinct;  latter  with 


Fig.  522i.—BalanUdium  cnli.    A, 


V,  contractile  vacuole ;  /,  food  mass.     Magulfled. 
C,  from  Braun,  after  Casagrandl  and  Barbagallo.) 


C,  Free ;  B,  encysted ;  n,  macronucleus ; 
(A,  After  Leuckart;  B, 


drops  of  oil  and  mucus,  and  according  to  some  observers 
red  and  white  corpuscles  from  the  host.  Macronucleus 
bean-shaped  or  reniform,  with  the  small  spherical  micro- 
nucleus  adjacent  to  it.  Two  contractile  vacuoles  located 
on  the  right  side,  but  no  permanent  cytopyge.  Fission 
of  the  free  form  has  been  observed.  Conjugation  has 
also  been  seen.  Cysts  are  spherical  and  possessed  of 
an  impervious  membrane. 

This  species  inhabits  the  colon  of  man  and  the  pig.  In 
the  latter  it  occurs  also  in  the  rectum  and  cajcum,  and  is 
present  regularly  in  large  numbers.  The  pig  may  be  re- 
garded as  the  normal  host,  and  in  it  this  species  excites 
no  abnormal  symptoms.  The  encysted  forms  evacuated 
with  fsRces  are  supposed  to  bring  about  the  transfer  of 
the  species  all  the  more  easily  that  the  pig  is  copropha- 
gous;  and  yet  experimental  infection  has  been  unsuc- 
cessful even  in  the  pig.  Grassi  and  Calandruccio  have 
demonstrated  that  experimental  infection  of  man  is  not 
successful  in  the  case  of  healthy  individuals.  The  occa- 
sional introduction  of  encysted  forms  may,  however, 
bring  about  successful  colonization  of  the  canal  whenever 
any  pathological  conditions  exist  in  the  colon,  although 
Grassi  and  Calandruccio  argue  from  the  slight  difference 
in  size  and  the  failure  of  their  experiments  that  the  forms 
found  in  man  are  not  of  the  same  species  as  those  from 
the  pig.  These  conclusions  do  not  seem  to  have  found 
even  limited  acceptance. 

Malmsten  discovered  Balantidium  coli  in  1857  in  a  man 
who  had  recovered  from  an  attack  of  cholera  two  years 
before,  but  had  since  suffered  from  diarrhoea.  The  para- 
sites were  abundant  in  the  bloody  discharge  of  a  rectal 
abscess,  and  even  after  its  disappearance  persisted  in 
the  faeces,  from  which  they  finally  disappeared  as  a  re- 
sult of  the  use  of  acid  enemata.  In  the  necropsy  of  a 
subsequent  case  the  exact  seat  of  the  parasite  was  de- 
termined as  the  anterior  region  of  the  large  intestine. 

Many  cases  have  been  reported  from  man  since  then. 
Shegalow  lists  sixty-three  in  all  from  Russia,  Germany, 
Scandinavia,  Finland,  Italy,  Cochin  China,  Sunda  Isl- 
ands, and  the  United  States  of  America.  Strong  and 
Musgrave  have  added  the  Philippines  to  this  list.  Strong 
listed  117  cases,  all  before  1902,  in  which  the  mortality 
was  thirty  per  cent.,  and  since  then  the  list  has  been 
greatly  augmented.  While  this  parasite  has  been  ob- 
served regularly  in  obstinate  diarrhoea,  its  disappear- 
ance is  not  accompanied  with  the  cessation  of  the  symp- 
toms in  all  cases,  and  Balantidia  have  been  found  after 
the  diarrhoea  has  stopped.  The  earlier  idea  that  these 
protozoa  were  the  exciting  cause  of  the  intestinal  dis- 
turbances ha=!  accordingly  given  way  in  part  to  a  view 
that  these  protozoa  continue  and  extend  the  diseased 
condition,  but  are  not  sufficient  to  cause  it.     Some  au- 

i 


thors  report,  however,  that  the  species  penetrates  the 
intestinal  wall  and  causes  abscesses  in  the  deeper  layers. 
Solowjev  claimed  even  to  have  demonstrated  them  in 
the  blood  and  lymph  vessels  of  the  intestinal  wall.  This 
has  recently  been  confirmed  by  Strong  and  Musgrave. 

These  authors,  together  with  several  other  very  recent 
contributors  to  this  subject,  contend  very  strongly  in 
favor  of  the  pathological  role  played  by  the  par.a- 
site.  In  most  post-mortems  lesions  have  been 
found  similar  to  those  of  amoebic  dysentery. 
Brooks  found  in  apes  in  New  York  extensive 
ulcerations  in  the  copcam,  irregular  in  contour 
with  undermined  borders.  The  mucous  and  sub- 
mucous coats  were  destroyed  and'  the  parasites 
were  present  in  great  numbers  in  the  ulcerations, 
especially  on  the  floor  and  along  the  sides.  They 
even  pass  beyond  the  limits  of  the  ulcers,  ap- 
parently following  the  course  of  the  lymphatics 
and  blood-vessels.  It  was  surmised  that  the  par- 
asites entered  the  submucosa  from  the  crypts  of 
Lieberkuhn,  in  the  depths  of  which  they  were 
often  found.  The  Balantidia  were  found  in  the 
diarrhoeic  stools,  but  disappeared  with  recovery 
of  the  host.  But  relapses  were  frequent,  and 
each  time  the  parasites  reappeared  in  the  ffeces. 
This  is  explicable  on  the  basis  of  their  position 
deep  in  the  glands  of  the  intestinal  wall,  and  empha- 
sizes the  difficulty  of  completely  destroying  them  and 
preventing  a  recurrence  of  the  disease. 

It  is  difficult  to  avoid  the  conclusion  that  positive 
proof  of  the  etiological  significance  of  these  forms  is  given 
by  the  presence  of  abundant  parasites  in  the  lesions  and 
in  the  tissues  in  advance  of  the  pathological  changes,  and 
also  by  their  occurrence  in  the  depths  of  glands  and  in 
the  submucosa  before  the  start  of  such  lesions  at  these 
points.  The  opponents  of  this  view  regard  the  role  of 
the  protozoa  as  secondary,  and  look  upon  bacteria  a^ 
primarily  responsible  for  the  lesions. 

Whether  B.  coli  is  capable  of  producing  a  primary 
erosion  of  the  intestine  has  not  been  conclusively  de- 
monstrated, though  many  believe  that  it  has  this  power. 
However,  if  a  lesion  exists  from  any  cause,  the  parasite 
is  certainly  capable  of  continuing  the  process  and  of 
modifying  and  producing  in  connection  with  accompany- 
ing bacteria  fairly  constant  and  characteristic  pathological 
lesions.  Since  the  publication  of  Strong's  photographs 
one  can  no  longer  doubt  that  Balantidia  do  occur  in  the 
tissue  and  blood-vessels  of  the  intestinal  wall.  •  All  re- 
cent evidence  supports  the  view  that  the  parasite  is 
pathogenic  and  its  presence  in  stools  in  cases  of  intes-; 
final  disturbances  has  the  same  significance  as  the  pres- 
ence of  amoebae  in  dysentery. 

This  species  is  known  to  occur  abundantly  in  some 
parts  of  this  country  as  a  parasite  of  the  pig,  and  its 
more  frequent  presence  in  the  human  host  than  records 
hitherto  made  would  show  may  easily  be  disclosed  by 
more-  careful  examination.  It  should  be  noted  that 
many  of  the  cases  already  on  record  come  from  the 
country  where  the  chances  of  accidental  infection  are 
naturally  greater.  It  is  there  accordingly  that  one 
should  look  for  evidence  of  more  extended  infection  of 
the  human  host.  Lack  of  records  in  the  past  may  well 
be  due  to  lack  of  precise  examination  among  the  very 
cases  in  which  the  parasite  is  most  likely  to  occur. 

Balantidium  minutum  Schaudinn  1899. — (Syn.:  Colo- 
poda  cucullus  Schulz  1899.) 

Body  compressed  pyriform  or  oval  (Fig.  5225).  Length 
0.02-0.032  mm. ;  breadth  0.014-0.02  mm.,  or  in  the  ratio 
3  :  2.  Anterior  end  bluntly  pointed,  often  slightly 
twisted  dextrad  or  sinistrad.  Posterior  end  broadly 
rounded.  Peristome  a  slender  cleft,  broader  anteriorly, 
pointed  posteriorly  and  deeper;  extending  from  near  an- 
terior tip  to  centre  of  body;  in  the  living  animal  contin- 
ually opening  and  closing;  left  margin  with  hyaline 
membrane.  Adoral  ciha  heavier  and  longer  than  tho,se 
of  the  body  generally,  only  on  the  left  peristome  margin 
beneath  the  membrane.  Body  cilia  long  (0.007-0.008 
mm.)  slender.     Hyaline  ectoplasm  thin,  distinct  from 
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p-anular  endoplasm,  which  contains  many  vacuoles. 
These  are  filled  with  fine  granules,  and  large  food  masses 
or  excretory  crystals  are  not  present.  Contractile  vac- 
uole single,  near  posterior  end  on  left  side.  No  perma- 
uent  cytopyge.      Macronucleus    spherical,   0.006-0.007 
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Fig.  5225.— Balantidittm  minutum.    Living.    Abbreviations  as  be- 
lore.    Magnified.    (After  Sohaudinn.) 

mm.  in  diameter;  centrally  located.  Micronucleus  sin- 
gle, anterior  to  macronucleus  at  its  surface,  0.001  mm. 
in  diameter.  Division  occurs,  but  conjugation  has  not 
been  observed.     Cyst  oval. 

Reported  twice,  once  in  company  with  Nyctotherus 
[aba  Iq.v.)  and  once  in  Berlin  also  without  that  species. 
In  both  cases  this  form  was  abundant  during  the  diar- 
rhoea, but,  with  the  exception  of  a  few  cysts,  disappeared 
as  soon  as  the  stools  became  firmer.  Purgatives  brought 
the  infu.sorjans  again  in  numbers  into  the  stools.  This 
condition  indicates  thfit  they  inhabit  the  small  intes- 
tine, perhaps  the  duodenum,  rather  than  the  colon,  and 
make  their  appearance  when  carried  outward  by  more 
fluid  contents  and  rapid  passage  through  the  canal.  As 
other  species  of  the  genus  are  harmless  commensals  in  the 
canal  of  Amphibia,  this  species  is  probably  not  pathogenic. 
It  should  be  kept  in  mind  that -confusion  of  B.  coli  and  B. 
minutvm  may  occur  if  the  examination  is  not  made  with 
precision,  and  perhaps  some  cases  of  the  former,  already 
on  record,  actually  concern  the  latter  species. 

As  pseudo-infusoria  may  be  designated  a  long  series  of 
structures  reported  from  various  sources,  and  often  the 
object  of  repeated  discovery  by  those  unfamiliar  with 
the  field.  Thus  in  mucus  or  sputum  in  case  of  .affection 
of  the  air  passages,  bodies  moved  by  cilia  have  been  in- 
terpreted as  genuine  parasites  and  assigned  an  etiological 
role  in  the  disease.  In  contravention  of  this  view  may 
be  urged  the  variable  and  irregular  form  of  such  bodies, 
their  rapid  and  special  degeneration  and  their  source, 
which  amply  demonstrate  their  origin  as  detached  cili- 
ated cells  from  bronchi,  trachea,  or  nasal  cavity.  Such 
bodies  are  the  asthma  parasites  of  Salisbury,  and  the  pro- 
tozoa of  whooping-cough  described  by  Deichler  and 
Kurloff. 

Much  less  worthy  of  serious  attention  are  the  reports 
of  various  writers,  especially  Lindner,  that  certain  forms, 
well  known  as  free-living  species,  namely,  unstalked 
vorticellids,  are  the  cause  of  various  gastric  disturbances 
in  man  and  certain  domestic  animals.  The  statements  of 
Schaudinn,  that  he  has  found  repeatedly  active  vorticel- 
lids in  fresh  freces,  but  only  after  water  enemata,  is  sufli- 
cient  indication  of  the  means  by  which  such  marvellous 
discoveries  as  those  of  Lindner  and  others  are  achieved. 
Quite  recently  I  was  asked  to  examine  a  slide  containing 
organisms  from  fresh  urine,  and  these  were  not  echino- 
coccus  bladders  as  diagnosed,  but  unmistakably  free- 
living  forms,  and  probably  contracted  rotifers  whose 
presence  was  due  to  the  contamination  of  the  vessel,  or 
possibly  of  the  sample  of  urine  examined. 

Henry  B.  Ward. 
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PYLORUS,  STENOSIS  OF.— The  first  description  of 
this  condition,  though  not  under  this  title,  appeared  in 
an  article  published  in  New  Haven  by  Dr.  Hezekiah 
Beardsley  in  1788.  This  paper  was  republished  at  the 
suggestion  of  Dr.  William  Osier  in  the  Arehives  of  Pedia^ 
tries  for  May,  1903.  The  description  of  this  ancient  case 
was  accompanied  by  the  necropsy  findings.  Martin  in 
1826  and  Pauli  in  1828  described  cases.  The  next  men- 
tion of  the  disease  was  by  Williamson  in  1841.  But  the 
subject  was  brought  prominently  before  the  medical 
profession  through  a  paper  read  by  Hirschsprung  before 
the  German  Pediatric  Society  in  1887.  Since  then  the 
condition  has  been  observed  quite  frequently,  and  nu- 
merous papers  dealing  with  various  phases  of  the  subject 
have  appeared.  The  main  discussion  has  turned  upon 
whether  the  condition  is  one  of  congenital  hypertrophy, 
whether  it  is  one  of  acquired  hypertrophy  the  result  of 
spasm,  or  whether  the  stenosis  is  simply  due  to  spas- 
modic contraction  of  a  normal  pylorus.  From  a  con- 
sideration of  the  cases  reported,  together  with  the  results 
of  autopsy  findings  and  of  inspection  during  life  at  the 
time  of  surgical  operations  as  well  as  the  study  of  the 
sections  removed  at  the  time  of  the  operation,  it  is 
definitely  established  that  in  some  cases  there  is  hyper- 
trophy of  the  muscular  coats  of  the  pylorus  and  that  in 
certain  cases  this  hypertrophy  is  congenital.  It  is  prob- 
ably true  that  the  hypertrophy  increases  after  birth 
because  of  the  spasm  which  exists  to  a  greater  or  less 
degree  in  all  cases.  There  are  various  degrees  of  this 
congenital  and  acquired  hypertrophy.  Moreover,  there 
are  many  cases  that  give  some  or  all  of  the  symptoms 
of  cases  of  true  hypertrophy  in  which  there  is  no  thick- 
ening of  the  muscular  coat  and  the  symptoms  are  pro- 
duced by  spasm  alone.  These  last  cases  may  be  consid- 
ered as  closely  allied  to  cases  of  severe  vomiting  from 
spasmodic  closure  due  to  gastric  indigestion. 

Hypertrophic  pyloric  stenosis,  according  to  Pfaundler, 
occurs  almost  entirely  in  the  Anglo-Saxon  and  Scandi- 
navian races.  From  the  Latin  or  Slavic  countries  few 
or  no  cases  have  been  reported.  Boys  are  more  fre- 
quently aiTected  than  girls.  More  than  one-half  of  the 
cases  occur  in  breast-fed  children  and  over  one-third  in 
those  who  have  never  had  anything  but  breast  milk  up 
to  the  time  of  their  sickness.  The  age  of  the  child  at 
the  time  when  the  attack  comes  on  is  from  1  to  4 
days  in  one-fourth  of  the  cases,  4  to  14  days  in  one- 
fourth  of  the  cases,  2  to  3  tveeks  in  one-fourth  of  the 
cases,  and  3  to  8  weeks  in  the  final  quarter  of  the  cases. 

Pylorospasm. — Reports  of  pylorospasm  in  infants  have 
come  from  the  most  diverse  countries;  so  that  this  con- 
dition has  a  wide  geographical  distribution.  There  is 
perhaps  also  a  family  predisposition.  Hereditary  fac- 
tors and  especially  a  neuropathic  taint  seem  to  play  a 
r61e  in  its  production.  The  first  signs  of  the  disease 
appear  on  the  average  later  than  in  the  case  of  hyper- 
trophic stenosis,  not  often,  however,  after  the  end  of  the 
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EXPLANATION  OF  PLATE  LXII. 

Figs.  1  and  2  show  numerous  large  and  small  scarlet-fever  bodies  in  and  between  the  epithelial  cells 
of  the  rete  mucosum.  In  Fig.  1  is  a  large  body  in  a  lymph  space  of  the  corium  just  under- 
neath the  epidermis.     Several  of  the  bodies  suggest  fixation  vchile  in  amoeboid  motion. 

Figs.  3,  5,  and  6  are  coarsely  reticulated  forms  which  maybe  degenerated  forms  of  the  scarlet-fever 
bodies,  or  stages  in  sporogony. 

Pigs.  4,  8,  and  9  probably  represent  stages  preceding  the  radiate  bodies.  In  Fig.  9  the  bodies  lie  in 
a  lymph  space.  It  shows  also  four  small  forms  which  apparently  have  just  freed  themselves 
from  a  rosette. 

Figs.  1,  10,  11,  12,  13,  14,  and  15  show  different  stages  in  the  development  of  the  radiate  bodies. 

Fig.  10  is  the  earliest  stage ;  there  is  a  distinct  central  body  and  a  definite  regular  arrangement  of 
granules  at  the  periphery.  Figs.  7,  11,  and  12  show  a  little  later  stage  of  development;  11  and 
13  are  optical  sections,  while  7  is  a  surface  view.  Moreover,  in  Fig.  7  the  body  lies  free  in  a 
lymph  space  in  the  corium.  The  segments  begin  to  show  a  certain  amount  of  lateral  separa- 
tion from  each  other. 

Fig.  13  is  a  still  later  stage;  the  segments  are  inci'easing  in  size  and  are  more  or  less  free  from  each 
other,  although  most  of  them  are  still  attached  to  the  central  body.  In  Fig.  14  the  segments 
are  all  free  and  enlarging,  although  still  grouped  around  the  central  body.  In  Fig.  15  three 
bodies  are  still  grouped  around  the  central  body,  which  is  free. 
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first   year.  _  It  occurs  especially  in  artificially  fed  chil- 
dren suffering  from  some  alimentary  disturbance. 

Symptoms. — The  infant  who  is  healthy  at  birth,  so  far 
as  appearances  go,  begins  when  two  or  three  weeks  old 
to  vomit  the  nursings.  At  first  the  vomiting  is  not 
much  more  than  frequently  occurs  from  overloading  the 
stomach,  but  it  is  persistent  and  increases.  Sometimes 
the  infant  will  not  vomit  for  several  feedings  and  then 
will  eject  forcibly  a  quantity  of  partly  digested  milk 
sufficient  to  represent  several  nursings.  The  vomitus 
is  projected  with  such  force  that  it  may  pass  in  a  jet  or 
stream  to  a  distance  of  three  or  four  feet,  or  "  across  the 
bed,"  as  the  mothers  often  report.  The  vomiting  occurs 
without  evident  signs  of  indigestion,  although  the  vom- 
itus represents  various  stages  of  gastric  digestion.  If 
dietetic  and  medical  measures  fail  to  relieve  the  condi- 
tion, the  symptoms  persist  and  increase.  There  is  con- 
stipation, the  stools  being  very  small,  and  at  later  stages 
consist  simply  of  brownish  or  greenish  mucus  like  the 
meconium  stools  of  the  newborn  baby.  Meantime  the 
baby  loses  weight,  becomes  emaciated,  and  finally  pre- 
sents the  picture  of  marasmus. 

Examination  of  the  abdomen  reveals  peristaltic  waves 
passing  across  the  epigastrium,  usually  from  left  to  right. 
These  are  more  apt  to  occur  shortly  after  food  has  been 
taken.  The  appearance  has  been  well  compared  to  that 
of  a  small  ball  rolling  across  under  the  abdominal  wall. 
At  times  the  waves  are  doubled,  and  occasionally  their 
direction  is  reversed.  Palpation  in  cases  where  the  liver 
is  not  enlaiged  reveals  a  hard  mass  at  the  pyloric  end 
of  the  stomach,  feeling  much  like  a  spool  or  an  olive 
under  the  abdominal  wall.  The  peristaltic  waves  of  the 
stomach  can  also  be  felt.  Percussion  reveals  frequently 
enlargement  of  the  stomach,  its  lower  border  extending 
a  variable  distance  toward  the  umbilicus.  The  symp- 
toms in  detail  are  as  follows: 

(A)  Hypbrthophic  Stenosis. — (1)  Vomiting  occurs  at 
first  only  now  and  then,  later  more  often,  and  finally 
after  almost  every  feeding.  The  vomiting  takes  place 
either  at  once  or  from  one  to  three  hours  after  the  nursing. 
The  vomited  material  contains  mucus,  together  with  the 
partially  digested  food,  and  has  a  strong  odor  of  butyric 
acid;  it  is  seldom  foul.  There  is,  according  to  most 
observers,  never  any  bile  present,  although  exceptions 
to  this  rule  have  been  reported  by  Schwyzer  and  by 
Saunders  The  vomiting  is  not  accompanied  by  any 
signs  of  nausea  or  collapse. 

(2)  Visible  peristalsis  is  a  characteristic  symptom  and 
one  which  is  seldom  absent.  This  is  not  accompanied 
by  any  pain.  If  the  abdomen  is  in  a  good  light,  there 
can  be  seen  travelling  across  the  epigastrium  from  left 
to  right  successive  waves;  these  generally  stop  at  the 
median  line,  then  begin  again.  At  times  they  are  mul- 
tiple; and  occasionally  they  pass  from  right  to  left. 
The  significance  of  this  symptom  is  less  than  formerly 
supposed,  since  cases  of  pyloric  spasm  show  it,  and  it  is 
also  present  in  emaciated  or  rachitic  infants  that  have 
gastric  dilatation  with  vomiting.  Again,  accordmg  to 
Rotch,  visible  peristalsis  may  not  be  observed  m  true 
cases  of  hypertrophy.  _ 

(3)  Palpable  Tumor  of  the  Pylorus.— This  is  an  mcon- 
stant  symptom,  but  very  valuable  when  present.  It 
appears  about  the  end  of  the  fourth  week  of  the  illness. 
Slio-htly  to  the  right  of  the  median  Ime,  often  through 
the  space  between  the  rectus  muscles,  there  can  fre- 
quently be  felt  a  resistant  tumor  about  the  size  of  a 
hazelnut,  an  olive,  or  a  spool.  It  was  once  thought  that 
a  palpable  pylorus  was  absolutely  diagnostic  of  hyper- 
trophy and  that  when  present  it  demanded  surgical 
intervention.  It  is  now  known,  however,  that  cases  can 
recover  under  medical  treatment  even  when  palpable 
pylorus  is  present.  Neild  reported  two  cases  m  which 
the  pylorus  was  both  visible  and  palpable  that  recovered 
after  treatment  by  small  doses  of  opium;  Stamm  re- 
ports two  cases  in  which  there  was  a  palpable, tumor 
too-ether  with  persistent  vomiting,  both  cases  recovering 
under   dietetic   treatment,  and  recently   a  case  was  re- 


ported by  Herrnian  in  which  the  pyloric  tumor  and  peris- 
taltic waves  were  present,  but  which  recovered  under  the 
use  of  warm  compresses  after  operation  had  been  advised 
but  not  permitted.  On  the  other  hand,  without  the 
presence  of  pyloric  tumor  it  is  unsafe  to  make  a  diagnosis 
of  hypertrophic  stenosis  of  the  pylorus,  since  visible 
peristalsis  and  the  other  symptoms  are  frequently  pres- 
ent in  cases  of  gastric  or  pyloric  spasm  without  stenosis. 

(4)  Loss  in  Weight. — This  depends  upon  the  loss  of 
water  and  fat.  The  infant  may  lose  an  ounce  or  more 
daily  and  finally  present  the  picture  of  marasmus,  with 
subnormal  temperature,  sunken  fontanel,  and  ansemic  re- 
dundant skin  hanging  in  folds  over  the  extremities. 
Heubner  saw,  in  two  cases  of  pylorospasm,  weights  of 
2.6  kg.  in  a  six-months'  child,  and  of  2.5  kg.  in  a  four- 
months'  child. 

(5)  Obstinate  Constipation. — The  stools  are  very  small, 
or  there  may  be  none  at  all  for  from  three  to  twelve 
days;  then  the  stool  is  like  that  of  starvation,  and 
looks  like  meconium. 

(6)  Scanty  vrine  depends  directly  on  the  amount  of 
water  absorbed.  The  urine  passed  is,  of  course,  rich  in 
solids. 

Symptoms  (4),  (5),  and  (6)  are  a  direct  result  of  the 
vomiting. 

(7)  Sunken  abdomen  and  dilatation  of  the  stomach  are 
symptoms  of  less  importance. 

(8)  Motor  Insufficiency. — If  the  stomach  tube  is  used 
three  or  four  hours  after  a  feeding,  there  is  withdrawn 
a  large  quantity  of  partially  digested  food,  with  usually 
more  than  the  normal  amount  of  mucus.  At  times,  too, 
a  mucous  plug  is  obtained  by  lavage. 

(9)  Hyperacidity  has  been  found  in  certain  cases,  as 
has  also  hyperchlorhydria.  This  finding  is  in  contrast 
to  the  usual  low  acidity  of  most  other  digestive  disturb- 
ances in  infancy. 

(B)  Pylorospasm. — The  early  symptoms  are  similar 
to  those  of  hypertrophy,  but  less  severe.  The  vomiting 
is  not  so  frequent  nor  so  regular ;  the  intervals  between 
the  spells  being  longer;  moreover  it  is  not  so  explosive, 
being  more  in  the  nature  of  regurgitation.  The  stools 
are  often  green,  containing  mucus,  and  the  constipation 
alternates  with  diarrhoea.  In  severe  attacks  wasting 
follows  as  a  result  of  the  digestive  disturbances  and  the 
vomiting.  Visible  peristalsis  of  the  stomach  and  occa- 
sionally also  palpable  tumor  of  the  pylorus  are  present. 
Hyperacidity  and  hyperchlorhydria  are  both  found  at 
times.  Infrequently  a  spasm  of  the  pylorus  is  met  with 
as  a  manifestation  of  some  general  nervous  disorder,  just 
as  are  also  nystagmus  and  the  signs  oi  tetany. 

Course. — Unless  food  is  able  to  pass  the  pylorus  in 
sufficient  quantity,  the  patient  naturally  starves  to  death 
notwithstanding  attempts  at  rectal  feeding,  because  this 
is  insufficient  to  maintain  life  for  any  length  of  time, 
although  it  may  aid  temporarily.  Signs  of  improvement 
are  as  follows :  There  is  a  cessation  of  the  vomiting  and 
a  reappearance  of  milk  stools;  the  loss  of  weight  ceases 
and  the  fretful  whining  disappears;  finally  the  peri- 
stalsis becomes  less  evident  and  gradually  disappears 
entirely. 

Pathology. — Cases  that  have  come  to  autopsy  have 
revealed  one  of  three  conditions :  First,  a  normal  stom- 
ach; second,  contracted  pylorus  without  hypertrophy; 
third,  a  contracted  and  hypertrophied  pylorus.  It  is 
of  these  last  cases  that  most  careful  study  has  been 
made,  and  these  are  the  ones  that  support  the  contention 
of  a  congenital  hypertrophy.  In  nearly  all  the  reported 
cases  there  is  hypertrophy  of  the  circular  muscular  coat 
of  the  pylorus.  In  most  of  them  there  is  also  hyperplasia 
of  the  submucosa,  and  in  a  few  there  is  thickening  of 
the  mucous  membrane.  In  Dorning's  fatal  case  (not 
operated  on),  the  anatomical  diagnosis  was  "stenosis  of 
the  pylorus  from  fibrous  thickening  of  the  submucosa 
and  hyperplasia  of  the  circular  muscular  coat."  Ac- 
cording to  Heubner  the  muscular  hypertrophy  affects 
the  musculature  of  the  whole  stomach,  but  the  pyloric 
region  to  a  greater  degree. 
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Pathogenesis. — There  are  many  theories  in  regard 
to  this  condition.  It  is  claimed  by  some  (Cautley  and 
Peden)  that  in  her  effort  to  supply  an  efficient  pylorus 
Nature  exceeded  the  needs  of  the  case  and  deposited 
an  excessive  amount  of  muscular  tissue  in  that  region. 
Thomson  thinks  that  there  is  hypertrophy  due  to  ex- 
•cessive  functioning  depending  upon  nervous  inco-ordina- 
tion.  He  calls  the  condition  congenital  gastric  spasm, 
and  thinks  that  it  is  analogous  to  the  spasm  of  the  py- 
lorus that  occurs  in  Reichmann's  disease  in  adults. 
Cunningham  from  his  anatomical  investigations  on 
lower  animals,  and  Neild  from  his  clinical  experience 
with  adults,  believe  that  the  stenosis  is  due  to  spasm. 
Wernstedt  thinks  that  the  cases  in  which  there  is  hyper- 
trophy are  really  congenital,  agreeing  with  Cautley  as 
to  their  pathogenesis.  But  in  regard  to  the  other  cases 
of  stenosis,  he  thinks  they  are  due  to  spasm.  The  ac- 
companying table,  taken  from  Pfaundler,  gives  suc- 
cinctly the  various  theories  as  to  the  origin  of  the  condi- 
tion: 


boys  are  somewhat  more  liable  to  the  affection  than  girls. 
Heredity  seems  to  play  a  role,  RoUeston  having  met 
three  cases  in  the  same  family,  and  Henschel  and 
Heubner  having  had  the  same  experience.  Rolleston 
thinks  that  this  family  peculiarity  is  comparable  to  that 
met  in  congenital  obliteration  of  the  bile  ducts.  As  re- 
gards pylorospasm,  one  would  expect  that  a  nervous 
heredity  would  be  a  predisposing  cause.  Undoubtedly 
gastric  indigestion,  which  is  more  apt  to  occur  in 
artificially  fed  infants,  is  at  times  the  causative  factor 
in  pylorospasm.  In  both  conditions,  however,  there  must 
be  some  underlying  peculiarity  either  of  the  nervous 
mechanism  or  in  the  musculature  at  the  pyloric  end  of 
the  stomach.  As  a  matter  of  fact,  the  etiology  of  the 
pyloric  stenosis  is  still  in  obscurity. 

Diagnosis. — The  important  signs,  for  dia^osis  of 
pyloric  stenosis  are:  (1)  projectile  vomiting  without  evi- 
dences of  indigestion;  (2)  visible  peristalsis;  (3)  palpable 
pylorus.  In  addition  to  these  symptoms,  obstinate  con- 
stipation and  the  finding  of  food  remains  in  the  dilated 


Synopsis  of  the  Most  Impobtant  Theobies  Conceening  the  Natube  and  Origin  of  the  Hypebtbopht 

IN  Pyloric  Stenosis. 

(From  Pfaundler  in  Pfaundler  and  Schlossmann's  "Handbuch  der  Kinderheilkunde.") 


I.  The  hypertrophy  is 

only  apparent — 
(produced  by  per- 
sistent post-mor- 
tem contraction — 
no  increase  in 
thickness,  no  true 
stenosis. 

II.  The     hypertrophy 

is  real  (increase  in 
mass);  it  is  con- 
genital and  pri- 
mary, producing 
the  stenosis  (and 
perhaps  second- 
ary spasms). 

III.  The  hypertrophy 

is  real  but  sec- 
ondary  (ac- 
quired in  foetal 
or  in  extra-uter- 
ine life. 


'  A.  Stomach  at  necropsy  absolutely  normal;  during  life  also,  function  is  perfect. 


B.  Stomach  at  necropsy  hardened  in  systole,  for  the  same  reason  that  during  life  there  is 
an  abnormal  tendency  to  spasm  of  the  pylorus. 

A.  Simple  excess  of  development;    local  overgrowth   {Cautley,  Peden:   "Nature    in  her 

anxiety  to  provide  for  an  efficient  closure  of  the  pylorus,  surpasses  her  aim  "j. 

B.  True  tumor,  such  as  leiomyoma  or  fibromyoma  {Lohker  and  other  surgeons). 

C.  Atavism;  phylogenetic  retrogression  (to  conditions  found  in  certain  edentates;  Flynn, 

D.  Ontogenetic  retrogression  (to  condition  present  in  early  fcetal  life;  Ibrahim). 


A.  An  exercise   hypertrophy,   the   re- 

sult of  primary  spasm  (Thomson). 

B.  A  compensatory  hypertrophy  fol- 

lowing stenosis: 

a.  as  a  result  of  primary  spastic 

stenosis ; 
6.  as  a  result  of  primary  ob- 
struction of  the  outlet  to- 
ward the  bowel : 

(a)  by  primary  organic 
stenosis  of  the  py- 
lorus or  folding  of 
the  mucous  mem- 
brane {Tilger); 
(fi)  from  abnormal  posi- 
tion, fixation,  or 
kinking  of  the  ad- 
jacent b  o  w  e  1  by 
short  mesentery,  lig. 
hepato-duo- 
denale,  lesser  omen- 
tum, etc.  (M ai  e  r, 
Schoiten,  Pitt)  after 
foetal  i  n  fl  a  m  m  a- 
tions. 


1 


|1^ 


A  reflex  spasm  from  the  gastric  mu- 
cous membrane,  produced  by  erosions 
and  fissures,  dyspepsia,  or  overfeeding 
(Pritchard),  hyperchlorhydria  {Knop- 
felmacher) — from  other  sensory  zones, 
as  phimosis  (Biedert) ; — on  the  basis  of 
hereditary  nervous  predisposition 
(Freund  and  others);— in  foetal  life, 
from  developmental  deficiencies  in  the 
nervous  system  which  allow  the  two 
segments  of  the  stomach  to  act  antago- 
nistically instead  of  in  harmony  (Thom- 
son) ; — as  a  result  of  delayed  adaptation 
of  the  stomach  to  its  digestive  functions. 


Etiology.— There  is  a  tendency  to  divide  the  etiology 

w^^  P  •"""°''  "^"T  "°*  "^^"^  t°  b*^  very  satisfac- 
tory. Race  is  supposed  to  play  some  role  in  the  pre- 
disposition to  hypertrophy,  since  these  cases  are  reported 
tries"'' pIT  ^"""^  Anglo-Saxon  and  Scandinavian^coun- 
tries  Pylorospasm,  on  the  other  hand,  is  met  with 
in  all  countries.     As  regards  sex,  it  would  seem  also  that 
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stomach  several  hours  after  the  feedings  are  important. 
As  regards  the  diagnosis  between  hypertrophy  and 
pylorospasm,  it  would  seem  at  the  present  time  to  be 
impossible  to  determine  at  the  outset  which  condition 
is  present.  The  exact  diagnosis  must  await  the  results 
of  medical  treatment.  Even  then  it  is  possible  that 
cases  of  hypertrophy,  if  of  mild  grade,  may  end  in 
recovery  without  surgical  intervention. 
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Differential  Diagnosis.- — Pyloric  stenosis  must  be  dis- 
tinguished from  gastric  indigestion  with  severe  vomit- 
ing. The  important  signs  indicating  stenosis  are  the 
absence  of  bile  from  the  vomited  matter,  and  palpable 

Eylorus.  In  very  rare  instances  pyloric  stenosis  might 
e  confounded  with  congenital  atresia  of  the  pylorus  or 
congenital  stenosis  or  atresia  of  the  duodenum.  In 
these  cases,  however,  the  symptoms  would  exist  from 
birth. 

Prognosis. — The  prognosis  of  pyloric  stenosis  varies 
with  the  time  of  onset  and  with  the  severity  of  the  symp- 
toms ;  the  later  the  vomiting  begins,  the  better  the  prog- 
nosis, as  a  rule.  Inasmuch  as  all  grades  of  stenosis  may 
be  present,  and  since  even  with  hypertrophy  there  may 
be  varying  grades  of  spasm,  the  ultimate  outcome  of 
any  particular  case  must  depend  upon  the  success  of 
the  various  medical,  dietetic,  and  surgical  measures  used 
in  treatment. 

Treatment. — Medical. — Since  in  any  given  case 
it  is  impossible  to  know  at  the  outset  whether  one 
is  dealing  with  a  case  of  hypertrophy  combined  with 
spasm  or  a  case  of  spasm  alone,  the  aim  of  conservative 
treatment  must  be  to  prevent  all  irritation  of  the  pyloric 
end  of  the  stomach  by  food  remains  or  by  the  acrid 
products  of  gastric  indigestion.  Moreover,  in  addition 
to  these  dietetic  measures,  treatment  should  be  directed 
to  removing  acid  mucus,  to  rendering  the  pylorus  less 
sensitive,  and  to  relaxing  whatever  spasm  may  be 
present. 

As  to  the  Diet,  breast  milk  is  of  course  to  be  preferred ; 
but  inasmuch  as  many  of  the  cases  arise  in  breast-fed 
infants,  it  is  evident  that  some  modification  of  the  milk 
or  of  the  method  of  feeding  is  advisable.  The  nursings 
should  be  for  a  shorter  period  of  time  than  usual  in  a 
baby  of  the  given  age,  and  the  intervals  between  the 
nursings  shodd  be  long,  in  order  to  allow  the  stomach 
to  complete  the  necessary  changes  in  the  milk  and  to  be 
thoroughly  evacuated.  The  breast  milk  should  be  di- 
luted if  its  fat  percentage  is  3  or  over.  This  is  best  done 
by  giving  lime  water  or  some  mucilaginous  or  carbo- 
hydrate gruel  before  the  feedings. 

If  it  is  impossible  to  obtain  breast  milk,  modified 
cow's  milk  or  goat's  milk  of  low  fat  percentage,  prepared 
with  a  thin  cereal  gruel  rendered  alkaline  by  lime  water, 
and  then  peptonized,  is  the  best  substitute.  The  pro- 
prietary foods  that  are  rich  in  maltose  are  apt  to  give 
rise  .to  gastric  fermentation  and  increase  the  trouble. 
Sutherland  advises  the  use  of  raw  beef  juice  and  the 
administration  of  carminative  waters  between  the  feed- 
ings. 

Drug  Treatment. — Heubner  favors  the  use  of  atropme 
or  morphine  given  by  rectum.  He  believes  that  the 
atropine  is  of  greater  efficiency  than  the  morphine. 

Neild  advises  the  use  of  small  doses  of  opiurn  (one- 
eightieth  of  a  minim  of  laudanum)  diluted  and  given  by 
mouth  a  little  time  before  each  feeding,  with  the  idea  of 
relaxing  the  spasm.  On  the  other  hand,  Sutherland  does 
not  believe  that  morphine  is  of  value. 

Lavage  of  the  stomach,  normal  saline  solution  or  bi- 
carbonate-of-sodium  solution  being  used  according  to 
Still's  proposal,  has  seemed  of  advantage  in  numerous 
instances.  It  probably  is  of  most  benefit  m  cases  that 
show  an  excess  of  mucus  in  the  vomitus.  At  times  a 
hard  mucus  plug  will  be  washed  out,  and  after  such 
treatment  the  amount  of  food  passing  into  the  mtes- 
tines  will  be  increased. 

Warm  compresses  upon  the  abdomen  or  poultices 
appUed  to  the  epigastrium  are  undoubtedly  of  the  great- 
est value.     They  should  be  used  in  every  case. 

Surgical  Treatment.— OperSitWe  treatment  should  be 
a  last  resort,  since  the  mortality  of  operated  cases  is  from 
40  to  70  per  cent.  About  this  condition,  as  about  most 
others  which  may  demand  operation,  the  surgeons  make 
the  assertion,  with  some  justification,  that  the  mortality- 
rate  would  be  much  lower  if  the  cases  were  operated 
upon  earlier.  The  decision  to  operate  should  be  inade 
before  the  child  has  become  badly  debilitated,  ihis 
means  that  the  dietetic  and  medical  treatment  should 


be  thorough  and  that  careful  observations  should  be 
made  to  determine  whether  the  child  is  making  progress 
in  the  right  direction. 

Stern  in  1897  was  the  first  to  operate,  unsuccessfully, 
by  gastroenterostomy  on  a  patient  six  weeks  old.  Abel, 
in  November,  1898,  reported  the  first  successful  opera- 
tion—a gastroenterostomy  on  a  male  infant  eight  weeks 
old.  The  surgical  procedures  which  have  been  used  are 
Loreta's  pyloric  divulsion,  pylorectomy,  pyloroplasty, 
and  gastroenterostomy.  Pyloric  divulsion  is  often  im- 
possiole  because  in  true  cases  a  proper  instrument  for 
stretching  the  pylorus  cannot  be  inserted.  Pylorectomy 
likewise  is  very  difficult  and  uncertain,  so  that  the 
methods  of  choice  are  pyloroplasty  and  gastroenteros- 
tomy. Of  these  the  former  takes  less  time  and  involves 
less  exposure.  According  to  Fisk  it  is  to  be  preferred 
for  physiological,  anatomical,  and  surgical  reasons.  In 
some  cases,  however,  the  thickening  is  so  great  and  the 
pylorus  so  firm  that  the  operation  is  impossible.  In 
those  cases  in  which  it  can  be  done,  it  is  undoubtedly 
the  best  procedure.  Gastroenterostomy  is  done  by  con- 
necting the  posterior  wall  of  the  stomach  with  a  loop  of 
the  jejunum,  employing  either  suture  or  a  Murphy 
button.  Recently,  in  a  discussion  of  the  subject,  Abbe, 
of  New  York,  proposed  a  new  method,  namely,  the  divis- 
ion of  the  muscular  fibres  of  the  pylorus  in  a  longitudinal 
direction  down  to  the  submucous  layer.  He  believed 
that  this  would  prove  a  simple  and  effective  means  of 
removing  the  firm  contraction  without  any  appreciable 
shock,  or  danger  of  peritonitis.  According  to  statistics 
collected  by  Pfaundler,  gastroenterostomy  was  done  in 
24  cases  with  cure  in  11.  Pyloroplasty  was  done  in  15 
cases  with  cure  in  7.  Loreta's  divulsion  was  done  in 
11  cases  with  cure  in  6.  The  general  mortality  of  the 
operation  is  probably  about  60  per  cent.  In  regard  to 
special  details  of  the  operation  the  literature  of  the 
subject  should  be  consulted,  especially  the  articles  by 
Cautley  and  Dent. 

Shaw  and  Elting  give  a  very  good  table  of  the  medical 
and  surgical  cases  in  their  paper  in  the  Archives  of 
Pediatrics,  1904,  p.  892. 
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sive, A  list  of  the  references  arranged  chronologically  may  be 
found  in  Dorning's  article,  Archives  of  Pediatrics,  1904,  p.  681, 
and  an  alphabetical  arrangement  may  be  found  in  Fisher's  arti- 
cle in  the  same  journal  for  1906,  p.  241, 

Linnceus  E.  LaFetra. 

RADIUM. — Radium  is  a  radioactive  substance  sup- 
posed to  be  a  new  element.  Professors  Curie  and  Demar- 
cay  have  isolated  in  small  quantity  and  tested  what  they 
consider  to  be  pure  radium,  obtaining  from  their  samples 
a  characteristic  spectrum,  and  have  determined  the 
atomic  weight  to  be  225.  On  account  of  the  rarity  and 
great  difficulty  and  cost  of  isolating  radium  it  is  used  in 
the  form  of  a  bromide  or  chloride. 

Discovery. — The  discovery  of  radium  is  due  to  investi- 
gations upon  radioactive  substances.  In  1896  M.  Henri 
Becquerel,  member  of  the  Institute  of  France,  reported 
the  discovery  that  uranium  gave  off  radiant  energy  hav- 
ing many  of  the  properties  exhibited  by  the  radiations 
from  i-ray  tubes. 

The  radiations  from  uranium  were  given  the  name  or 
Becquerel  rays,  from  the  distinguished  scientist  who  dis- 
covered them.  These  rays  have  the  property  of  dis- 
charging electrified  bodies  and  of  producing  chemical 
changes  in  the  silver  salts  ordinarily  used  in  photography, 
in  these  respects  being  similar  to  the  a-rays. 

Uranium  was  first  discovered  in  1789  by  the  German 
chemist  Klaproth,  and  named  by  him  from  the  planet 
"  Uranus, "  Uranium,  though  widely  distributed,  is  never 
found  in  large  amounts,  and  forms  several  minerals.  The 
most  common  of  these  is  uraninite,  commonly  known  as 
pitchblende.  It  contains  about  eighty  per  cent,  of  ura- 
nium. The  pitchblende  which  contains  the  largest  amount 
of  radioactive  substances  is  the  Bohemian  pitchblende ; 
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tiut  it  is  also  found  in  Saxony,  Cornwall  (England),  and 
in  Colorado  (United  States).  _  .     ,.      ,, 

Professor  Curie  and  Mme.  Curie,  in  investigating  the 
Becquerel  radiations  from  uranium  found  that  some  sam- 
ples of  pitchblende,  from  which  the  uranium  had  been  ex- 
tracted, gave  forth  radiations  much  more  powerful  than 
any  they  had  found,  having,  in  fact,  four  times  the  radio- 
activity of  metallic  uranium.  They  concluded  that  ura- 
nium being  absent,  the  radiations  were  due  to  some  un- 
known substance  in  the  pitchblende,  and  following  out 
this  they  discovered,  in  1898,  a  substance  to  which  they 
gave  the  name  of  "polonium."  Polonium  passes  more 
rays  through  aluminum  than  uranium  does,  but  these 
rays  do  not  penetrate  glass,  are  readily  absorbed  by  min- 
erals, and  are  cut  off  by  tliin  paper.  In  the  same  year, 
following  up  the  discovery  of  polonium,  M.  and  Mme. 
Curie  and  M.  Bemont  isolated  a  second  substance  from 
pitchblende  which  possesses  many  of  the  chemical  char- 
acteristics of  uranium,  but  is  much  more  powerful.  To 
this  they  gave  the  name  "radium." 

Pivperties  of  Eadmm. — Radium  is  one  of  the  most 
peculiar  substances  known  to  science,  and  produces  phe- 
nomena which  were  hitherto  unknown  as  existing  in  any 
chemical  element  or  chemical  combination :  (a)  It  glows 
constantly  with  a  visible  light ;  (b)  it  gives  off  constantly 
f.  certain  degree  of  heat ;  (c)  it  produces  electrical  effects 
similar  to  those  produced  by  the  ®-rays ;  [d)  it  causes  cer- 
tain chemicals  to  fluoresce ;  {e)  it  reduces  the  silver  salts 
ordinarily  used  in  photograph}';  (/)  it  transforms  white 
into  red  phosphorus,  and  produces  other  transformations, 
such  as  changing  the  color  of  glass,  porcelain,  white 
paper,  rock  salt,  etc. ;  {g)  it  has  a  distinct  effect  upon 
living  tissue. 

Nature  of  Radium  Radiations. — The  discovery  of  x-r&j 
radiations  and  radium  radiations  has  given  rise  to  many 
ingenious  theories,  but  experiments  appear  to  show  a 
distinct  difference  between  radium  rays  and  a-rays  and 
the  emanations  from  radium.  Radium  rays  like  a-rays 
pass  through  glass  and  substances  opaque  to  ordinary 
light,  while  radium  emanations  are  of  peculiar  character 
and  appear  to  be  more  like  a  vapor.  These  emanations 
do  not  pass  through  glass,  but  settle  upon  all  objects 
with  which  they  come  in  contact,  and  like  vapor  of  water 
may  be  condensed  by  extreme  cold.  The  emanations 
from  radium  produce  radioactivity  in  other  substances, 
the  result  being,  so  far  as  is  known,  that  all  substances 
may  be  rendered  radioacti\'e  through  the  influence  of 
radium  emanations.  Substances  so  rendered  radioactive 
present  to  a  degree  all  the  phenomena  which  radium 
itself  presents,  and  when  so  charged  retain  the  proper- 
ties of  radium  for  varying  periods  of  time.  The  Curies 
have  determined  that  substances  thus  rendered  radio- 
active retain  their  induced  radioactivity  very  much 
longer  when  guarded  in  a  small  enclosure  through  which 
the  emanations  cannot  pass.  In  such  cases  the  induced 
radioactivity  diminishes  one-half  every  four  days,  while 
in  substances  not  so  guarded  it  diminishes  one-half  every 
twenty-eight  minutes. 

Natvre  and  Measurements  of  Radium  Radiations.— 
There  are  three  entirely  distinct  types  of  rays  emanating 
from  radium.  The.se  are  known  as  the  "a,"  "/3,"and 
"y  "  rays.  The  a  rays  are  the  least  penetrating,  losing 
about  one-half  of  their  intensity  if  passed  through  alu- 
minum 0.0005  cm.  in  thickness.  The  /3  rays  are  much 
more  penetrating  and  much  longer,  and  correspond  in 
every  particular  to  the  characteristics  of  cathode  rays. 
They  are  readily  deflected  by  a  magnet,  discharge  elec- 
trified bodies,  etc. 

The  y  rays  are  the  rays  possessing  the  greatest  pene- 
trating power.  These  rays  will  produce  radioactivity 
through  the  air  at  a  distance  of  four  feet  or  more  and 
are  so  much  more  penetrative  than  a  rays  that  they  re- 
quire aluminum  8  cm.  ia  thickness  to  reduce  their  in- 
tensity one-half. 

_  The  radioactivily  of  radium  compounds  is  measured 
m  terms  of  uranium,  this  element  being  taken  as  a  stand- 
ard. Professor  Curie  states  that  pure  radium  possesses 
one  million  times  the  radioactivity  of  uranium,  but  from 
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the  rarity  of  the  substance  and  the  diflSculty  of  obtaining 
it  in  a  pure  form,  the  radium  compounds  which  have  so 
far  been  available  for  experiment  have  rarely  been  above 
a  radioactivity  of  7,000.  The  quantity  of  radium  and 
radium  compounds  so  far  produced  has  been  exceed- 
ingly small  and  the  cost  is  very  great.  Professor  Curie 
states  that  it  would  take  five  thousand  tons  of  uranium 
residue  to  produce  a  kilogram  of  radium  at  a  cost  of 
about  $3,000  per  ton. 

Reat-Prod'ueing  Properties. — Radium  has  the  remark- 
able property  of  maintaining  its  temperature  at  about 
1.5°  C.  above  its  surroundings.  Heat  production  like 
light  production  from  radium  appears  to  be  made  with- 
out any  change  in  the  radium  and  without  any  loss  of 
weight.  This  remarkable  force  production  as  exhibited 
by  constant  heat  production  can  be  appreciated  when  it 
is  understood  that  radium  radiates  enough  heat  to  melt 
more  than  its  own  weight  of  ice  every  hour,  and  to  con- 
tinue, so  far  as  is  known,  this  force  production  for  an  in- 
definite period. 

Liglit  and  Fluorescence. — When  a  tube  containing  ra- 
dium is  viewed  in  the  dark  it  is  seen  to  emit  a  distinctly 
visible  light.  The  light  ehiitted  is  of  uniform  quality 
and  is  produced  indefinitely,  and,  so  far  as  is  known, 
without  any  change  in  the  radium  itself.  When  the  rays 
from  radium  are  directed  upon  the  double  cyanide  of 
platinum  and  barium,  tungstate  of  calcium,  and  certain 
other  chemicals  which  fluoresce  under  the  action  of  the 
a;-ray,  the  radiations  from  radium  cause  these  substances 
to  glow  with  a  visible  light;  the  properties  of  the  radi- 
ations from  radium  in  this  respect  being  like  those  from 
the  s-rays.  A  sufficient  quantity  of  radium  has  never 
been  obtained  to  allow  of  the  practical  use  of  the  fluores- 
cence so  obtained  in  the  way  in  which  the  fluoroscope  is 
used  with  ai-rays,  but  it  is  possible  that  with  a  suflicient 
quantity  of  radium  a  fluorescence  equal  to  that  of  the  x- 
rays  could  be  produced. 

Pliotochemical  Effects. — When  the  rays  from  radium 
are  directed  upon  a  sensitized  photographic  plate  from 
which  all  ordinary  light  is  excluded  by  having  the  plate 
enclosed  in  a  light-tight  envelope,  the  silver  salts  are 
reduced,  and  an  effect  similar  to  that  produced  by  the 
s-rays  is  obtained. 

This  photo-chemical  effect  appears  to  be  identical  with 
that  produced  by  the  «-rays,  except  that  either  from  the 
radiations  from  radium  being  less  powerful  in  photo- 
chemical effect  or  from  a  suflicient  quantity  of  the  sub- 
stance not  being  used,  the  rays  have  not  as  great  pene- 
trating power.  Exposures  of  long  duration  produce 
outlines  of  the  human  hand  with  but  faint  indications  of 
the  bones. 

Like  the  fluorescent  effects  of  radium  the  photochem- 
ical effects  have  not  as  yet  been  made  of  practical  value. 
Practical  results  may,  however,  be  possible,  provided 
radium  can  be  obtained  in  suflicient  quantities  and  its 
action  can  be  properly  controlled. 

Vitochemical  Effects. — The  effect  produced  by  the  radi- 
ations from  radium  on  living  tissue  are  most  remarkable. 
These  effects,  in  certain  ways,  resemble  the  effects  pro- 
duced by  .r-rays,  but  appear  also  to  have  peculiar  prop- 
erties wliich,  so  far,  have  not  been  found  to  be  produced 
by  a-rays.  Radium  rays,  like  J-iays,  are  capable  of'pro- 
ducing  "  burns."  The  discovery  of  this  effect  of  radium 
was  made  by  Professor  Becquerel,  who,  when  journey- 
ing from  Paris  to  London,  carried  in  his  waistcoat  pocket 
a  small  tube  of  radium.  About  a  fortnight  later  the 
skin  under  the  pocket  began  to  redden  and  fall  away, 
and  finally  a  deep  and  painful  sore  formed  which  was 
several  weeks  in  healing.  Like  the  burns  produced  by 
the  x-ray  these  pathologic  effects  of  radium  radiations 
do  not  appear  until  several  days  after  the  part  has  been 
exposed.  Many  other  important  vitochemical  effects 
are  produced  by  the  peculiar  force  thrown  out  from  this 
remarkable  substance.  Becquerel  found  that  if  seeds 
were  exposed  for  a  long  time  to  the  emanations  from 
radium  their  germinating  power  was  destroyed. 

M.  Banysz,  in  experiments  in  the  Pasteur  Institute, 
found  that  the  emanations  from  radium  produced  re- 
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markable  effects  vipon  rabbits,  guinea-pigs,  and  otlier 
small  animals.  These  experiments  show  that  radium 
has  the  remarkable  power  of  so  interfering  with  organic 
processes  as  to  inhibit  growth  and  even  destroy  life.  A 
small  amount  of  radium  suspended  over  a  cage  contain- 
ing mice  will,  after  a  few  days,  cause  loss  of  hair  and 
blindness,  followed  later  by  death.  The  same  experi- 
menter reports  that  exposure  to  the  radiations  from 
radium  will  cause  arrest  of  development  in  certain  lower 
organic  forms.  He  exposed  the  larvte  of  Ephestia  kueh- 
niella  in  a  glass  flask  to  the  emanations  from  radium  for 
a  few  hours.  After  a  few  weeks  it  was  found  that  most 
of  the  larvaa  were  killed,  but  that  a  few  had  escaped  the 
destructive  action  of  the  rays  by  crawling  into  distant 
corners  of  the  flask  where  they  were  still  living,  but  liv- 
ing as  larvEe;  whereas  in  a  control  flask  similar  larvae 
had  changed  into  moths. 

M.  Bohn  has  shown  that  radium  may  so  modify  vari- 
ous lower  forms  of  life  as  to  produce  "  monsters, ".  and  he 
has  caused  remarkable  deviations  from  the  original  type 
in  tadpoles  exposed  to  radium  emanations. 

The  vitochemical  effect  of  radium  seems  to  be  particu- 
larly expended  upon  the  skin  and  subcutaneous  tissues 
and  the  nervous  system.  Thus,  Danysz  reports  that  the 
application  of  a  tube  containing  a  salt  of  radium  to  the 
skin  produces  an  ulcer  in  from  eight  to  twenty  days. 
A  few  moments'  application  produces  congestion  of  the 
human  skin.  When  applied  to  the  skin  of  a  rabbit  de- 
struction of  the  epidermis  follows,  but  when  applied 
uader  the  skin  there  is  only  a  feeble  reaction  on  the  epi- 
dermis. Danysz  found  that  when  tubes  containing  ra- 
dium were  introduced  into  the  intestines  and  serous  cav- 
ities of  guinea-pigs  very  little  effect  was  produced,  but 
its  action  was  noted  upon  the  nerve  centres  of  all  animals 
subjected  to  experiment.  This  action,  however,  was 
comparatively  feeble  in  those  whose  osseous  tissues  pro- 
tected the  nerve  centres.  Application  of  tubes  contain- 
ing the  salt  to  the  cranium  caused  paresis,  ataxia,  and 
convulsions,  followed  later  by  death. 

Professor  Curie  introduced  a  few  milligrams  beneath 
the  skin  of  a  mouse  over  the  vertebral  column,  causing 
death  of  the  mouse  in  three  hours. 

The  rays  of  ]-adium  have  a  direct  effect  upon  the  optic 
nerve.  Tliis  was  shown  by  Giesel,  who  found  that  when 
radium  salts  were  brought  near  the  closed  eyes  a  sensa- 
tion of  light  was  produced.  This  is  attributed  by  Ham- 
mer to  phosphorescence  of  the  humors  of  the  eye  and 
also  to  effect  upon  the  nerves  of  the  retina.  Prof.  M. 
Javal  proposes  a  diagnostic  use  of  this  phenomenon,  and 
suggests  that  blindness  with  alteration  of  the  retina  can 
be  distinguished  from  that  due  to  glaucoma  or  corneal 
opacity,  because  patients  with  the  latter  condition  see 
rays  from  radium  as  well  as  those  of  sound  vision,  while 
patients  who  have  alteration  of  the  retina  have  no  sensa- 
tion of  light  when  a  salt  of  radium  is  placed  near  the  eyes. 
Therapeutic  Dies.— The  vitochemical  action  of  radium 
is  so  like  that  of  the  ai-rays  that  its  use  for  the  cure  of 
conditions  for  which  the  a'-rays  have  been  used  was  at 
once  suggested.  Experiments  seem  to  show  that  the 
vitochemical  action  of  the  rays  of  radium  are  much 
more  powerful  than  those  of  s-rays.  There  seems  every 
probability,  when  radium  can  be  produced  in  sufficient 
quantity  and  its  action  properly  controlled,  that  it  will 
be  a  valuable  therapeutic  agent.  So  far,  its  use  has  been 
mainly  confined  to  the  treatment  of  lupus,  epithelioma, 
and  superficial  skin  diseases.  Favorable  reports  of  re- 
sults of  its  use  in  these  diseases  have  been  given  by  a 
number  of  clinicians.  Danlos  reports  a  case  of  lupus  of 
the  face,  exposed  to  the  action  of  a  salt  of  radium  which 
had  a  radioactivity  of  19,000  for  from  twenty  to  thirty- 
six  hours,  with  the  result  of  the  disappearance  of  the  dis- 
ease and  with  the  formation  of  a  smooth,  white  cicatrix. 
Other  clinicians  have  reported  equally  favorable  results 
and  have  called  attention  to  the  good  effect  as  shown  by 
the  smooth,  soft,  and  white  resulting  scar. 

For  therapeutic  use  the  radium  compounds  have  m 
some  cases  advantages  over  the  s-ray.  In  superficial 
diseases  of  the  skin  and  mucous  membrane  these  radium 


compounds,  being  enclosed  in  small  hermetically  sealed 
glass  receptacles,  can  readily  be  employed  as  therapeutic 
agents.  All  that  is  necessary  is  to  place  the  receptacles 
containing  the  compound  in  close  apposition  to  the  parts, 
so  insuring  a  local  action.  Furthermore,  radium  com- 
pounds being  permanent  these  glass  receptacles  can  be 
used  for  an  indefinite  time  in  any  number  of  cases,  and 
this  apparently  with  more  surety  of  definite  results,  so  far 
as  tissue  reactions  are  concerned,  than  can  be  obtained 
from  the  radiations  from  a;-ray  tubes. 

William,  Cline  Borden. 

RHINOPHARYNGITIS  MUTILANS.— De/imiton.— A 
peculiar  destructive  ulceration  of  the  nasopharynx  prev- 
alent in  certain  limited  areas  in  the  tropics,  with- 
out constitutional  symptoms  and  usually  running  a 
self-limited  course  with  a  tendency  to  cicatrization. 
It  is  almost  certainly  infectious  and  quite  pi-obably  con- 
tagious.    Its  specific  cause  has  not  been  discovered. 

History  and  Geographical  Distribution. — Lesions  sim- 
ilar to  those  which  characterize  this  disease,  and  not 
to  be  accounted  for  by  any  connection  with  syphihs, 
tuberculosis,  or  leprosy,  were  mentioned  in  1839  by 
Maxwell '  who  encountered  them  in  Jamaica  .ind  be- 
lieved them  to  be  sequelse  of  framboesia  (yaws).  Fol- 
lowing Maxwell  in  this  belief,  Numa  Rot'  described 
sixty  cases  which  he  encountered  in  a  limited  district 
on  the  windward  side  of  the  Island  of  Dominica,  West 
Indies,  as  probably  representing  some  late  stage  or  se- 
quel of  yaws.  C.  W.  Daniels,''  *  who  encountered  cases 
in  Fiji,  was  the  first  writer  to  throw  doubt  upon  their 
connection  with  yaws.  Many  observers  who  have  had 
no  familiarity  with  the  condition  and  who  have  seen 
it  only  casually  have  confounded  it  with  leprosy, 
tertiary  syphilis,  or  localized  tuberculosis.  It  was 
differentiated  from  these  diseases  and  from  yaws  and 
described  as  a  ilisease  sui  generis  unrl';r  the  name  rhino- 
pharyngitis mutilans  by  the  present  writer,  first  in  1904,^ 
and  again  more  fully  in  1906.^  Since  its  specific  cause 
is  still  undetermined,  and  since  any  of  the  gross  lesions 
characteristic  of  rhinopharyngitis  mutilans  may  be 
produced  by  some  other  disease,  its  differentiation  may 
be  said  to  rest  at  present  almost  entirely  upon  its  pe- 
cuhar  and  extensive  prevalence  in  certain  places,  cer- 
tain known  endemic  areas.  The  only  regions  of  the 
world  that  are  known  at  present  to  be  endemic  areas 
for  this  disease  are  Fiji,  Guam,  the  Caroline  Islands, 
and  the  Island  of  Dominica,  West  Indies.  A  study  of 
the  condition  at  first  hand  in  any  one  of  these  endemic 
regions  will  soon  convince  the  most  sceptical  observer 
that  he  is  dealing  with  a  peculiar  patholo^cal  condition 
which,  whatever  it  may  be,  is  certainly  not  syphilis, 
nor  tuberculosis,  nor  leprosy. 

The  patient's  denial  of  any  venereal  history,  a  failure 
to  demonstrate  the  Treponema  'pallidum  in  any  isolated 
case  of  extensive  nasopharyngeal  ulceration,  and  failure 
of  such  a  case  to  respond  in  a  prompt  and  striking  way 
to  iodides  afford  no  sufficient  grounds  for  excluding 
tertiary  syphiHs.  Nor  is  failure  to  demonstrate  the 
bacilli  of  leprosy  or  of  tuberculosis  in  any  such  single 
case  sufficient  to  exclude  those  diseases.  Articles 
deahng  with  rhinopharyngitis  mutilans  have  been 
pubUshed  recently  by  several  writers  of  very  limited 
acquaintance  \vith  it;  by  some  who  have  never  been  in 
any  of  the  places  where  it  is  known  to  exist  and  who 
confess  to  having  had  no  experience  of  it  at  all.  An 
isolated  case  of  rhinopharyngeal  ulceration  in  a  negro 
from  Panama,''  treated  in  New  York,  has  been  tenta- 
tively accepted  as  a  ease  of  rhinopharyngitis  mutilans. 
From  an  extensive  experience  on  the  Isthmus,  the  pres- 
ent writer  can  state  that  the  disease  is  unknown  m 
Panama.  Another  case  has  been  reported,  with  photo- 
graph, in  the  person  of  a  confirmed  leper,  an  inmate  of 
a  leper  asylum  ';  and  a  third  case,  occurring  in  a  white 
American  adult,  in  which  there  was  an  acceptable 
history  of  syphihs  contracted  five  years  previously,  and 
the  lesions  described  were  characteristic  of  that  dis- 
ease.»'  »■ "      The   reporting   of   such   dubious   cases   as 
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these,  while  the  etiology  and  differentiation  of  rhino- 
pharyngitis mutilans  are  still  a  problem,  tends  only  to 
obscure  and  confuse  the  subject.  It  is  not  likely,  as 
has  been  pointed  out  before,  that  any  progress  will  be 
made  in  solving  this  problem  until  it  is  undertaken  by 
competent  investigators  working  in  one  of  the  endemic 
areas. 

Mink  and  McLean  "  have  made  a  clinical  study  of 
eighty-one  cases  in  Guam  and  tabulated  them  in  a 
valuable  report.  It  is  to  be  regretted  that,  owing  to 
lack  of  familiarity  with  the  Spanish  language,  thepe 
writers  should  have  mistaken  a  common  Spanish 
adjective,  gangosa,  meaning  "nasal-voiced,"  for  a 
substantive,  and  employed  it  as  a  title  for  their  article 
and  a  name  for  rhinopharyngitis  mutilans.  Stitt  has 
followed  them  in  this  error  which,  beside  its  essential 
incorrectness,  tends  to  introduce  confusion  into  no- 
menclature. 

Etiology. — The  disease  affects  persons  of  all  ages; 
and  from  the  fact  that  several  members  of  the  same 
family  are  often  seen  to  be  affected  with  its  pecuUar 
lesions  and  to  be  otherwise  in  good  health,  the  disease 
would  appear  to  be  contagious.  It  may  not  improbably 
be  caused,  Uke  the  blastomycetic  dermatitis,  or  hke 
mycetoma,  by  the  local  invasion  of  a  parasitic  organ- 
ism. No  cases  that  can  be  regarded  as  authentic  have 
yet  been  reported  in  others  than  Malays  and  negroes. 

Clinical  Course. — The  patient,  if  seen  early,  as  few 
are,  complains  of  sore  throat.  On  examination,  an 
ulcer  is  seen  on  the  back  of  the  pharynx,  on  a  faucial 
pillar,  or  on  the  free  edge  of  the  soft  palate.  It  is 
superficial,  movable,  covered  with  a  thin,  dirty,  green- 
ish-gray or  brownish-gray  pellicle  of  slough.  This  is 
apparently  the  initial  lesion.  The  pellicle  breaks  down 
and  leaves  an  ulcer  which  steadily  increases,  advancing 
up  the  throat  into  the  posterior  nares.  The  disease 
begins  in  the  soft  parts,  but,  after  reaching  the  soft 
palate  and  eating  its  way  through  its  entire  thickness, 
attacks  the  bone  of  the  palate  and  nasal  septum,  finally 
destroying  them.  The  serpiginous  ulceration,  after 
being  thus  active  and  advancing  for  months  or  years, 
usually  arrests  itself  at  this  stage,  the  ulcers  healing, 
and  leaves  the  victim  with  no  septum,  the  nasal  cartilage 
and  skin  fallen  in,  the  nose  and  mouth  one  large  cavity. 
The  faucial  opening  is  apt  to  be  narrowed  by  cicatricial 
tissue,  making  deglutition  difficult.  The  disease  rarely 
advances  downward  from  the  pharynx,  the  larynx 
is  only  exceptionally  affected  and  phonation  remains 
normal,  though,  owing  to  palatal  destruction,  the 
quality  of  the  voice  is  deranged  and  articulation  is 
defective,  the  speech  being  affected  precisely  as  in  any 
case  of  cleft  palate.  There  are  no  constitutional  symp- 
toms. The  patients,  if  they  were  so  in  the  first  place, 
remain  well-fleshed,  strong,  and  able  to  follow  their 
usual  avocations.  The  disease  process  having  ceased, 
the  patient  carries  its  marks,  in  palatal  bone  destruction 
and  pharyngeal  scar  tissue,  to  old  age.  In  a  few  of  the 
cases,  fewer  than  ten  per  cent,  of  them,  the  process  is 
not  arrested  at  this  stage,  and  the  ulceration  destroys 
the  cartilage  and  skin  of  the  nose  and  advances  upon  the 
face.  In  about  twenty-five  per  cent,  of  the  cases  (21 
out  of  the  81  cases  in  Mink  and  McLean's  series)  the 
process  extends  up  through  the  nasal  ducts  into  the 
conjunctivae,  where  it  produces  in  the  eyelids  granula- 
tion tissue  at  first,  scar  tissue  afterward,  with  ultimate 
inabihty  to  close  the  eyes,  keratitis  and  blindness  fre- 
quently resulting.  The  tongue  appears  never  to  be 
involved.  The  upper  Up  usually  remains  as  a  bridge, 
in  cases  in  which  the  nose  has  been  destroyed,  and 
through  the  anterior  nares  one  looks  into  the  mouth  and 
throat.  Even  in  these  most  extensive  and  aggravated 
cases,  however,  there  is  no  evident  impairment  of  the 
general  health. 

Diagnosis. — Rhinopharyngitis  mutilans  must  be  dis- 
tinguished from  leprosy  by  the  tendency  to  a  spontaneous 
cure,  the  absence  of  leprous  lesions  elsewhere,  and  the 
absence  of  the  lepra  bacillus;  from  tuberculosis  by  the 
non-existence  of  tuberculosis  in  other  parts  of  organs, 
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the  infrequency  of  downward  extension  and  laryngeal 
involvement,  the  peculiar  tendency  to  extension  through 
the  nasal  ducts  and  involvement  of  the  eyelids,  and  the 
absence  of  the  tubercle  bacillus  in  the  lesions;  from 
acquired  syphilis  by  the  absence  of  any  signs  or  history 
of  primary  or  secondary  syphilis  and  by  the  onset  of 
the  disease  in  infancy  and  childhood;  from  hereditary 
syphilis  by  the  absence  of  any  of  the  signs  of  that 
disease  and  by  its  incidence  in  the  healthy  children 
of  healthy  parents.  In  its  endemic  areas  where  its 
prevalence  is  a  familiar  fact  the  diagnosis  presents  no 
difficulty. 

Prognosis. — In  natives  who  are  well  provided  with 
the  necessaries  of  life,  who  live  in  comparatively  good 
hygienic  surroundings,  and  who  can  be  kept  under 
observation  and  treatment,  a  favorable  prognosis  can 
be  given  for  most  cases.  In  children  of  five  years  or  less 
the  onset  of  the  disease  is  apt  to  be  sudden,  and  accom- 
panied by  moderate  or  high  fever,  and  to  result  in  death 
within  a  very  few  days.  The  term  "fulminating"  has 
been  appUed  to  these  fatal  cases  in  infancy  and  child- 
hood. 

Treatment. — Whether  or  not  the  process  be  due  to 
some  specific  infection,  it  is  at  any  rate  difficult  to 
arrest,  especially  in  cases  where  the  serpiginous  ulcera^ 
tion  has  advanced  into  the  nares  and  is  difficult  of 
access.  In  the  few  cases  seen  early,  when  the.  disease 
is  limited  to  the  pharynx,  and  in  the  still  rarer  cases  in 
which  its  beginning  is  visible  in  the  anterior  nares, 
cauterization  with  the  silver  nitrate  stick  may  be 
practised.  Spraying  with  hydrogen  peroxide  is  effective 
in  removing  the  sloughing  surface  of  the  ulcer  and 
developing  a  healthy  granulating  surface.  Granulation 
may  be  stimulated  by  the  appUcation  of  tincture  of 
iodine.  The  use  of  a,  detergent  and  stimulating  gargle 
is  beneficial.  In  some  cases  iron  and  tonics  may  be 
useful.  Potassium  iodide  internally  in  fuU  doses  is 
usually  well  borne  and  seems  to  do  good  in  some  cases. 
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ROENTGEN  RAYS.THEPATHOLOGICALCHANGES 
PRODUCED  BY.— In  the  twelve  years  that  have 
elapsed  since  Roentgen  announced  the  discovery 
(November,  1895)  of  the  rays  that  now  bear  his  name, 
cUnical  medicine  has  witnessed  a  remarkable  apphca- 
tion  of  the  new  physical  agent  along  diagnostic  and 
therapeutic  lines.  Practically  every  branch  of  cUnical 
medicine  has  seen  a  vigorous  utilization  of  the  rays, 
either  experimentally  or  empirically;  and,  as  is  usually 
the  case  with  a  new  discovery,  over-zeal  has  played  a 
very  important  part  in  the  prominence  given  to  this 
new  therapeutic  agent.  Without  any  actual  knowledge 
of  the  effects  of  the  ray"  upon  the  human  organism,  such 
as  could  be  gained  from  animal  experimentation,  great 
numbers  of  practitioners  took  blindly  into  their  hands 
an  agent  that  we  now  know  to  be  one  of  great  power,  in 
so  far  as  its  action  upon  the  cells  of  the  body  is  con- 
cerned. As  the  result  of  such  an  empirical  use  there  has 
gradually  accumulated  a  large  amount  of  clinical  evi- 
dence of  tissue-changes  produced  by  Roentgen  irradia- 
tion, some  of  these  tissue-changes  being  of  a  severe  or 
dangerous  nature,  while  others  are  of  definite  thera- 
peutic value.  To  painful  experience  rather  than  to  the 
results  of  experimental  work  do  we  owe  the  chief  part 
of  our  knowledge  concerning  the  action  of  the  rays  upon 
the  skin  and  its  structures,  the  sexual  glands,  etc. 

In  the  case  of  some  of  these  changes  the  delay  as  to 
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their  Tecognition  was  the  result  of  the  fact  that  they 
either  manifested  themselves  at  a  late  period  after  the 
treatment,  or  were  of  such  a  nature  that  for  a  long  time 
their  association  with  the  cause  was  not  evident.     Thus 
the  steriUty  occurring  in  Roentgen-ray  operators  ejdsted 
for  a  long  time  before  its  relationship  to  the  rays  was 
recognized.     For  some  time  after  the  introduction  of 
the  rays  into  clinical  work  the  doubt  was  expressed  by 
numerous  workers  in  this  line  as  to  the  ability  of  the 
rays  to  produce  any  effects  upon  the  organism  other 
than  those  of  a  local  nature.     It  had  early  been  dis- 
covered clinically  that  the  exposure  of  the  skin  to  the 
prolonged  action  of  the  rays  nught  be  followed  by  de- 
pilation  associated  with  degenerative  and  inflammatory 
changes  that  were  regarded  as  somewhat  analogous  to 
severe  burns;    but  it  was  affirmed  on  many  sides  that 
the  rays  did  not  affect  the  internal  organs.     Naturally 
the  first  pathological  studies  of  the  effects  of  Roentgen 
irradiation  were  concerned  with  the  changes  occurring 
in  the  skin  structures  in  the  so-called  "  burn."     These 
stvtdies  were  not  very  extensive,  nor  did  they  excite 
much  interest.     The  field  apparently  did  not  seem  to 
be  jcn  attractive  one  to  pathologists,  probably  for  the 
reason  that  the  cUnical  use  of  the  rays  was  so  largely 
empirical  and  the  therapeutic  results  so  doubtful  or 
contradictory.     Consequently    very    few    experimental 
investigations  as  to  the  effects  of  Roentgen  irradiation 
were  carried  out  during  the  first  six  years  of  clinical 
work  with  the  rays.     Not  until  the  remarkable  symp- 
tomatic cures  of  leukaemia  due  to  x-ray  treatment  were 
reported  by  some  workers  was  the  experimental  study 
of  the  changes  following  Roentgen  irradiation  begun  in 
earnest,  numerous  important  contributions  being  then 
made  to  our  knowledge  upon  the  subject.    As  a  result  the 
last  four  years  have  seen  a  distinct  change  in  the  attitude 
of  clinicians  toward    the  question.     The  power  of  the 
rays   to    produce    important    changes    in    deep-seated 
organs,  to  affect  the  general  metabolism  of  the  body, 
and  to  give  rise  to  conditions  of  toxaemia  is  now  generally 
recognized;   and,  in  recognition  of  the  dangers  attending 
their  use,  operators  are  now  protecting  their  own  bodies 
and  employing  much  greater  care  in  the  diagnostic  and 
■clinical  use  of  this  powerful  agent. 

An  analysis  of  the  literature  concerning  the  effects  of 
Roentgen  irradiation  upon  Mving  tissues  shows  that 
observations  of  such  action  have  been  made  in  the  case 
of  the  majority  of  the  organs  and  tissues.  It  will  be 
convenient,  therefore,  to  class  these  effects  according 
to  the  part  involved. 

General  Sfecfe.— Numerous  cases  have  been  reported 
of  general  disturbances  resulting  from  Roentgen  irradia- 
tion, in  the  form  of  such  symptoms  as  fever,  headache, 
dizziness,  insomnia,  restlessness,  vasomotor  disturbances, 
cardiac  palpitation  and  irregularity,  gastric  pam  dis- 
turbances of  appetite  and  digestion,  etc.  Profound 
symptoms  of  intoxication  occasionally  follow  exposures, 
even  when  these  are  brief.  Edsall  has  seen  death 
result  in  two  cases  following  one  exposure,  and  a  severe 
illness  in  a  third  case.  Such  a  severe  general  reaction 
is  most  likely  to  occur  in  an  individual  suffering  from 
anamia,  nephritis,  or  other  toxic  condition.  These 
general  symptoms  are  of  the  nature  of  an  intoxication, 
and  the  condition  is  now  generally  spoken  of  as  the 
a^rav  toxic  reaction.  Aside  from  direct  damage  to  the 
nervous  or  circulatory  systems  by  the  rays,  the  general 
symptoms  partake  of  the  nature  of  a  proteid  intoxica- 
tion- that  is,  of  an  intoxication  due  to  the  products  ot 
protein  disintegration.  Such  a  destruction  of  nucleo- 
protein  we  know  takes  place  throughout  the  irradiatea 
portions  of  the  body,  particularly  in  the  spleen,  bone- 
marrow,  and  lymph-nodes.  Evidences  of  this  destruc- 
tion are  seen  in  the  urine  in  a  greatly  increased  total 
nitrogen  output,  with  a  relatively  large  output  ot  uric 
acid,  purin  bases,  and  phosphates.  Following  this 
severe  disturbance  of  metabolism  there  may  be  added 
a  secondary  intoxication  due  to  injury  to  the  excretory 
organs,  the  kidneys  in  particular.  In  the  case  ot 
small  animals  exposed  experimentally  a  continuous  ex- 


posure of  two  hours  or  longer  causes  death  within  ten 
to  twelve  days  with  symptoms  of  a  severe  general  in- 
toxication. 

Skin. — Irradiation  of  the  surface  of  the  body  causes, 
after  prolonged  or  repeated  exposures,  an  indi\'idual 
form  of  dermatitis  ("burn"),  characterized  by  a  grad- 
ually developing  hyperemia  and  severe  pain,  burning 
and  itching,  and  pigmentation.  If  the  exposure  has  not 
been  too  severe  the  changes  in  the  skin  may  go  no 
further,  the  hypersemia  disappears  slowly,  the  epidermis 
desquamates,  and  there  is  a  slow  return  to  an  approxi- 
mately normal  condition.  The  affected  part  is  usually- 
less  elastic  than  normal  and  shows  a  tendency  to  crack 
or  to  become  secondarily  infected.  The  area  may 
become  excessively  pigmented  or  the  normal  pigment 
may  be  lost.  The  hairs  are  shed  and  the  finger-nails 
become  thinner  or  may  also  be  lost.  Various  stages  and 
degrees  of  x-ray  dermatitis  may  be  called  out  in  dif- 
ferent individuals  by  apparently  the  same  degree  of 
exposure.  Repeated  slight  exposures  may  cause  no 
other  change  than  excessive  pigmentation  or  a  loss  of 
the  hair.  A  re-pigmentation  of  white  hair  has  been 
observed  after  irradiation.  An  erythema  followed  by 
eczema  has  been  seen  to  follow  irradiation  not  only  in 
the  portions  of  the  skin  directly  exposed  but  also  at 
some  distance  from  these. 

In  more  severe  cases,  after  extended  exposure,  the 
skin  becomes  dark-red  and  oedematous  with  the  forma- 
tion of  blebs  and  exfohation  of  the  epidermis,  and  an 
ulcer  results  which  shows  but  slight  tendency  to  heal. 
Secondary  infection  may  occur  and  the  lesion  become 
gangrenous  or  suppurative  in  character.  In  spite  of 
all  treatment  extensive  destruction  of  the  affected 
region  may  take  place;  and  amputation  may  be  rendered 
necessary  or  death  may  result.  In  a  number  of  cases 
squamous-ceUed  carcinoma  has  been  observed  to 
develop  in  a  chronic  x-ray  burn  and  the  patient  has 
finally  succumbed  to  the  neoplasm. 

Since  the  changes  in  the  skin  were  the  first  ones 
recognized  clinically  as  due  to  the  action  of  Roentgen 
rays,  they  were  also  the  first  ones  to  be  studied  micro- 
scopically and  experimentally.  Marcuse,  in  1896,  was 
the  first  to  study  the  changes  in  the  hairs  occurring  in  a 
case  of  Roentgen-ray  alopecia  arid  dermatitis.  He 
found  the  roots  of  the  hairs  to  be  fibrillated,  the  sheath 
swollen,  the  basal  cupping  absent,  and  the  character- 
istic structure  of  the  hair-shaft  and  medulla  destroyed. 
In  1897  Gilchrist  examined  pieces  of  skin  taken  from 
the  fingers  of  a  case  of  x-ray  dermatitis  and  found  the 
microscopic  picture  of  a  chronic  dermatitis  with  ex- 
cessive pigment  formation.  Oudin,  Barth^lemy,  and 
Darier  studied  the  changes  occurring  in  experimental 
x-ray  alopecia  in  guinea-pigs,  and  noted  a  nearly  com- 
plete atrophy  of  the  hair-structures  and  glands,  but  no 
changes  in  the  blood-vessels  or  nerves  could  be  ascer- 
tained. Kibb6  in  the  same  year  examined  micro- 
scopically a  piece  of  skin  excised  from  an  x-ray  bum, 
and  noted  degeneration  of  the  nuclei  of  the  epithehum 
of  the  lower  layers  of  the  epidermis  with  evidences  of  a 
slight  inflammatory  reaction  in  the  corium.  In  189° 
Unna  found  that  the  collagenous  tissue  of  an  irradiated 
area  showing  reddening  and  pigmentation  no  longer 
reacted  to  stains  in  a  normal  manner  but  had  become 
basophile.  Jutassy,  in  1899,  confirmed  experimentally 
in  rabbits  the  changes  found  by  Oudin,  Barthelemy, 
and  Darier.  .  .       ^   j        f   „ 

Gassmann  from  a  careful  microscopic  study  ot  a 
deep  x-ray  ulcer  came  to  the  conclusion  that  the  essen- 
tial cause  of  the  ulcer  and  its  slow  healing  was  to  be  iound 
in  a  marked  degeneration  and  vacuoUzation  of  the  mtima 
and  musoularis  of  the  vessels  of  the  cutis  and  subcutis. 
Lion  in  1901,  also  noted  vascular  changes  m  the  torm 
of  vacuoUzation  and  endothelial  proUferation  in  the 
vessels  of  irradiated  skin  and  in  the  neighborhood  ot 


x-ray  ulcers.  A  more  impori^ant  study  of  the  effects  of 
Roentgen  rays  upon  the  skin  was  made  in  1902  .by 
Scholtl  Using  young  pigs  he  fotind  that  irradiation 
of  the   skin   caused   primarily   a   degeneration   ot   the 
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cellular  elements,  while  the  connective-tissue  elements 
were  only  secondarily  involved  in  the  reactive  inflam- 
mation. Numerous  other  writers  (Rudis-Jicinsky,  Gass- 
mann,  et  al.)  have  made  contributions  to  our  knowledge 
of  i-ray  burns  and  ulcers.  Some  of  these  have  attributed 
the  lesions  to  changes  occurring  in  the  blood-vessels  or 
nerves;  but  the  present  trend  of  opinion  is  to  the  effect 
that  the  cellular  elements,  particularly  the  epithelium 
of  the  hair-follicles  and  the  lower  layers  of  the  epidermis 
and  the  wandering  cells,  are  damaged  or  killed  by  the 
rays,  wliile  the  connective-tissue,  elastic  tissue,  blood- 
vessels, and  muscle  are  apparently  not  injured  primarily 
to  any  great  extent,  but  are  involved  in  the  reactive  in- 
flammation. The  destruction  of  the  rudimentary 
lymph-nodes  in  the  skin  may  account  for  the  slow 
development  of  the  inflammatory  reaction  in  some 
cases;  in  others  there  is  time  between  the  exposures 
for  a  regeneration  of  the  injured  cells.  After  repeated 
injury  the  regenerative  power  may  be  lost  and  with  the 
death  of  the  cells  the  x-ray  ulcer  is  gradually  formed. 
Its  slow  healing  is  due  to  the  damage  to  the  nerve- 
trunks,  blood-vessels,  etc.,  of  the  neighboring  parts. 

Circulatory  System. — Changes  in  the  heart-muscle  due 
to  irradiation  have  not  yet  been  described.  Cardiac 
disturbance  following  prolonged  or,  rarely,  even  short 
exposures  has  been  reported.  Irregularity,  palpitation, 
and  even  a  fatal  cardiac  insufficiency  have  been  observed 
in  these  cases.  It  can  not  be  said  at  the  present  time 
whether  these  symptoms  are  the  result  of  the  action  of 
the  rays  on  the  heart-muscle  or  the  nervous  system,  or 
on  both. 

Vacuolization  and  degeneration  of  the  endothelium 
of  the  superficial  blood-vessels  have  been  noted  in  x-ray 
lesions  of  the  skin.  Similar  changes  have  also  been 
found  in  deeper  blood-vessels  in  cases  treated  over  a 
long  period  of  time.  ObUteration  of  the  vessel-lumen, 
thickening  of  the  intima,  hyaUne  change,  etc.,  also  occur 
in  such  vessels.  According  to  Halkin  the  earUest 
changes  perceptible  in  irradiated  skin  are  to  be  found 
in  the  capillaries.  On  the  third  day  after  the  irradiation 
these  are  dilated,  by  the  seventh  day  the  endothehal 
cells  are  swollen,  and  by  the  twelfth  day  they  show 
vacuolizations. 

Blood. — The  action  of  Roentgen  rays  upon  the  blood 
has  been  studied  by  a  number  of  writers.  Baermann 
and  Linser  could  find  no  change  in  irradiated  blood  and 
red  corpuscles.  Irradiation  of  the  corpuscles  did  not 
affect  the  hsemolytic  action  of  hasmolytic  sera,  nor  did 
it  alter  the  action  of  non-haemolytic  sera.  The  irradia- 
tion of  sera  caused,  however,  a  loss  in  haemolytic  power 
toward  non-irradiated  red  corpuscles.  Milchner  and 
Mosse  confirmed  the  resistance  of  the  red  cells  to  irradia- 
tion. On  the  other  hand,  Joseph  and  Kurpjuweit  found 
well-marked  changes  in  the  red  cells  taken  from  a 
leuksemic  patient  and  exposed  m  vitro  for  thirty  minutes 
Grawitz  noted  the  diminished  resistance  to  hypertonic 
solutions  of  the  white  cells  from  a  case  of  irradiated 
leuksmia.  Aubertm  and  Beaujard  noted  that  in 
leukaemia  the  white  cells  increased  in  number  immedi- 
ately after  the  irradiation  and  then  fell  below  the 
original  number.  When  repeated  exposures  were 
given  the  primary  increase  did  not  occur,  and  the  fall 
took  place  immediately.  Gramegna  and  Quadrone 
showed  that  the  red  corpuscles,  aside  from  a  slight 
decrease  m  physical  resistance,  were  not  altered  by 
irradiation.  The  haemoglobin  was  not  affected.  Both 
the  specific  density  and  the  coagulability  of  the  blood 
were  increased.  The  mononuclear  and  polymorphonu- 
clear white  cells  were  diminished  in  number,  and  frag- 
mentation and  degenerative  changes  were  noted  in  both 
nuclei  and  protoplasm.  According  to  experimental  in- 
vestigations by  Bnganti-Colonna  irradiation  is  capable 
of  inhibiting  leucocytosis,  and  in  animals  irradiated 
after  the  leucocytosis  had  reached  its  acme  the  number 
ofj  white  cells  was  diminished.  The  polymorphonuclears 
were  chiefly  affected.  According  to  Lefmann  the  lym- 
phocytosis occurring  after  injections  of  pilocarpine  can 
be  inhibited  by  irradiation. 
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_  In  oases  of  myelogenous  leukaemia  repeated  irradia- 
tions may  reduce  the  number  of  the  white  cells  down 
to  normal,  while  the  relative  proportion  of  the  different 
forms  may  be  brought  back  nearly  to  the  normal  con- 
dition. A  similar  effect  may  be  seen  in  lymphatic 
leukaemia,  although  the  reaction  is  not  so  marked  as  in 
the  myelaemic  form.  Cases  have  been  reported  in 
which  under  irradiation  the  blood-picture  of  leukaemia 
was  transformed  into  that  of  pernicious  anaemia.  The 
writer  has  also  seen  a  lymphatic  leukaemia  develop  in  a 
case  of  Hodgkin's  disease  in  which  frequent  irradiations 
had  greatly  reduced  the  size  of  the  cervical  and  axillary 
glands.  According  to  Hynek  cases  of  pernicious 
anemia  may  be  cured  by  irradiation  as  the  result  of  the 
lymphocytolytic  action  of  the  rays  upon  the  bone- 
marrow. 

Blood-forming  Organs.— The  investigations  of  Heineke, 
Warthin,  and  others  have  revealed  the  remarkable  action 
of  x-rays  upon  the  spleen,  lymph  glands,  and  bone- 
marrow.  The  rays  have  a  selective  action  upon  lym- 
phoid, myeloid,  and  epithelioid  cells,  causing  in  these  a 
nuclear  disintegration,  fatty  or  hydropic  degeneration, 
and  necrosis.  Through  prolonged  exposures  practically 
all  the  lymphoid  tissue  of  the  spleen  may  be  destroyed, 
not  only  in  small  animals  but  also  in  the  case  of  the 
human  body.  The  destruction  of  lymphoid  tissue  is 
more  marked  in  the  spleen  than  in  the  lymph  glands  or 
bone-marrow.  The  cells  chiefly  affected  by  the  rays 
are  the  small  and  large  lymphocytes  and  the  myelocytes. 
The  polymorphonuclear  cells  are  affected  to  a  less 
degree.  In  the  spleen  the  lymphoid  cells  may,  after 
prolonged  or  repeated  exposures,  completely  disappear 
froni  the  Malpighian  follicles,  so  that  the  latter  appear 
as  hghtly-staining  areas  made  up  of  large  vacuolated 
epithelioid  cells. 

Even  after  one  short  exposure  extensive  lympho- 
cytolysis  may  be  seen  in  the  spleen  of  the  rabbit  or 
guinea-pig.  In  white  mice  or  rats  exposed  for  half  an 
hour  and  killed  immediately,  extensive  fragmentation 
of  the  nuclei  of  the  lymphoid  cells  of  the  spleen  could  be 
seen.  When  killed  within  two  to  eight  hours  after  the 
exposure  the  disintegration  was  very  marked;  many 
fields  containing  nothing  but  "chromatin  dust,"  all  the 
lymphocytes  showing  more  or  less  disintegration.  After 
ten  to  fifteen  hours  the  disintegrated  chromatin  becomes 
collected  in  clumps,  phagocytes  appear,  and  e\'idences  of 
regeneration  are  seen.  Nevertheless  the  effects  of  the 
irradiation  last  for  some  time  and  are  not  immediately 
followed  by  a  return  to  the  normal  condition.  Ex- 
posures of  five  hours  or  more  cause  great  destruction  of 
the  splenic  lymphoid  tissue  and  regeneration  is  not  mani- 
fest even  when  the  animals  live  ten  days  after  the 
exposure.  All  the  animals  exposed  so  long  died  within 
twelve  days  after  exhibiting  symptoms  of  severe  in- 
toxication. There  is  no  latent  period  in  the  effects 
of  irradiation.  The  damage  to  the  lymphocytes  may 
be  seen  microscopically  fourteen  minutes  after  the  ex- 
posure and  the  disintegration  of  the  nuclei  continues 
for  several  days.  The  same  changes  occur  in  the  lymph 
glands  and  bone-marrow  and  the  free  cells  of  the  tissues 
and  blood  are  likewise  damaged  or  destroyed. 

In  the  case  of  a  human  body  a  lymph  gland  may  be 
completely  destroyed  by  repeated  irradiations.  "The 
first  changes  noted  are  nuclear  disintegration  and  fatty 
degeneration  of  the  cells.  This  leads  ultimately  to  a 
complete  necrosis  of  the  lymphoid  tissue,  so  that  the 
gland  may  come  to  consist  of  a  small  area  of  granular 
debris  surrounded  by  a  thickened  capsule  showing 
inflammatory  reaction.  Regeneration  or  new-formation 
of  lymphoid  tissue  may  occur  outside  the  capsule  in  the 
neighboring  adipose  tissue.  The  changes  in  the  bone- 
marrow  are  of  the  same  nature  but  are  less  marked. 
The  lymphocytes  and  myelocytes  present  the  same  de- 
generative or  necrotic  changes.  The  nucleated  red  blood 
cells  are  apparently  not  destroyed,  and  only  after  repeat- 
ed exposures  is  their  number  diminished.  It  is  probable 
that  their  parent  cells  are  destroyed,  since  ultimately  all 
the  elements  of  the  marrow  disappear.     The  disappear- 
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ance  of  the  nucleus  from  the  normoblasts  is  apparently 
hastened.  "^  •' 

The  atypical  lymphocytes  and  myelocytes  found  in 
the  spleen,  lymph  nodes,  and  bone-marrow  in  leukaemia, 
Hodgkin's  disease,  lymphocytoma,  etc.,  are  particularly 
susceptible  to  the  influence  of  the  rays,  and  great 
numbers  of  these  cells  may  be  killed  during  an  exposure. 
In  consequence  there  must  be  thrown  into  the  circulation 
a  great  amount  of  products  arising  from  protein  des- 
truction, and  in  its  adjustment  to  this  condition  the 
general  metabolism  of  the  body  must  be  greatly  dis- 
turbed. Evidences  of  this  disturbance  are  seen  m  the 
development  of  a  condition  of  toxsemia  with  such  symp- 
toms as  fever,  vertigo,  cardiac  irregularity,  gastric  pain, 
diarrhoea,  etc.  The  urine  shows  a  great  increase  in  the 
total  nitrogen  output.  Repeated  exposures  increase 
this  toxaemia  and  may  lead  to  a  fatal  issue  directly  or 
through  renal  changes  produced  by  the  excretion  of 
poisons.  Large  lymph  glands  may  be  quickly  reduced 
in  size,  and  on  microscopical  examination  be  found  to 
be  completely  necrotic  as  the  result  of  the  destruction 
of  the  atypical  lymphoid  or  epitheUoid  cells.  In  the 
case  of  the  spleen  large  areas  of  necrosis  may  be  produced. 
Blood-vessels  in  the  neighborhood  of  such  necrosed 
areas  may  rupture  and  fatal  hsemorrhage  result.  The 
leucolysis  produced  by  Roentgen  irradiation  persists 
for  several  days  or  weeks  after  the  exposures.  This 
persistent  destruction  of  the  white  cells  has  been  ex- 
plained as  being  due  to  the  formation  of  a  "leuco- 
toxin"  and  a  number  of  observers  has  apparently 
demonstrated  the  presence  of  such  a  toxin  in  the  sera 
of  irradiated  animals  (Curschmann  and  Gaupp,  Capps, 
Helber  and  Linser,  Schmidt  and  G^ironne,  etc.).  In  the 
case  of  nephrectomized  animals  it  has  been  shown  that 
the  leucolysis  is  more  rapid  and  marked,  hence  the 
conclusion  that  there  is  a  leucotoxin  produced  that  is 
excreted  by  the  kidneys. 

The  selective  destruction  of  the  Roentgen  rays  upon 
the  white  cells  and  their  parent  cells  explains  the  syilip- 
tomatic  improvement  seen  in  cases  of  leukaemia,  etc., 
treated  by  irradiation  (See  Leukemia,  Treatment  of,  by 
Roentgen  Rays,  in  the  present  volume).  The  limitations 
and  dangers  of  such  a  treatment  are  obvious. 

Sexual  Glands. — Experimental  exposures  of  the  testes 
of  animals  show  that  the  rays  have  a  destructive  action 
upon  the  epitheUum  of  the  seminiferous  tubules  as 
shown  by  disintegration  of  the  nuclei,  disorganization 
and  desquamation  of  the  cells.  The  basal  sperma- 
togonia are  especially  affected,  as  are  also  the  derivatives 
of  these  cells.  Many  of  the  tubules  may  come  to  con- 
tain masses  of  cellular  debris  only.  The  production  of 
spermatozoa  is  either  greatly  lessened  or  completely 
lost.  SKght  exposures  even,  in  the  case  of  the  human 
testes,  are  followed  by  a  period  in  which  the  semen  shows 
either  numerous  dead  or  distorted  spermatozoa  or  none 
at  all.  The  interstitial  cells  appear  to  be  unchanged. 
In  some  animals  irradiated  for  several  hours  persistent 
priapism  develops  with  a  constant  flow  of  seminal  fluid 
containing  clumps  of  dead  spermatozoa.  Gangrene  of 
the  penis  and  testis  may  result.  The  condition  of 
experimental  azoospermia  may  persist  for  many  months 
after  the  exposure,  even  when  this  has  been  of  slight 
degree. 

In  man  numerous  observations  of  oligospermia  and 
azoospermia  and  sterihty  have  been  made  in  the  case  of 
workers  in  Roentgen  laboratories.  In  fact  it  is  now 
generally  beUeved  that  the  great  majority  of  such 
workers  under  the  conditions  existing  a  year  or  so  ago 
were  or  are  still  sterile.  In  the  majority  of  cases  no 
decrease  in  sexual  power  or  desire  has  been  noted  and 
this  has  been  explained  by  the  lack  of  injury  to  the 
interstitial  cells.  In  a  few  cases  only  have  atrophy  of 
the  glands  and  a  loss  of  erectile  power  been  noted. 
Since  the  use  of  proper  protection  some  of  these  previ- 
ously sterile  workers  have  regained  their  power  of 
spermatogenesis;   in  others  the  condition  still  exists. 

From  the  various  cases  reported  it  appears  definitely 
proved  that  a  patient  may  be  rendered  sterile  by  Roent- 


gen rays  without  receiving  direct  irradiation  of  abdomen 
or  perineum,  even  when  the  exposure  is  not  sufficient  to 
cause  a  dermatitis.  A  condition  of  sterility  may  persist 
for  several  years  in  radiologists  with  preservation  of 
yirihty  and  sexual  ability.  The  absence  of  spermatozoa 
in  such  cases  does  not  indicate  permanent  sterility, 
since  in  some  operators  perfect  protection  from  the  rays 
has  been  followed  by  the  return  of  spermatogenesis 
within  four  months. 

A  similar  destructive  action  is  exerted  by  irradiation 
upon  the  ovary.  Numerous  observations,  both  experi- 
mental and  clinical,  have  shown  that  cells  of  the  zona 
pellucida  become  necrotic  and  desquamate  and  that 
the  ripe  ova  are  killed.  The  primordial  ova  in  some 
cases  appear  to  be  affected,  in  others  not.  Halber- 
staedter  believes  that  the  ovaries  are  much  more  sensi- 
tive to  the  rays  than  are  the  testes.  He  found  that 
irradiation  caused  a  great  diminution  in  the  sixe  of  the 
organs.  Foveau  and  Courmelle  observed  cessation  of 
the  menses  and  atrophy  of  the  ovaries  in  thirty  cases 
of  myofibroma  of  the  uterus  treated  by  irradiation. 
Other  instances  of  sterility  similarly  produced  in  the 
woman  have  been  reported. 

Effects  upon  Development. — Bardeen  found  experi- 
mentally that  irradiation  causes  premature  death  of 
spermatozoa.  Eggs  fertilized  by  spermatozoa  exposed 
for  a  long  period  either  do  not  develop,  or  give  rise  to 
monsters.  He  concludes  that  nuclear  substance  may 
be  so  altered  by  irradiation  that  after  a  latent  period 
it  will  call  forth  abnormalities  in  development.  An 
injury  to  spermatozoa  by  Roentgen  rays  may  be  of  such 
a  nature  that  the  spermatozoa  survive,  and  are  capable 
of  fertilization,  but  the  ova  fertilized  by  them  develop 
into  monsters.  Hippel  and  Pagenstecher  found  ex- 
perimentally that  irradiation  of  the  young  embryos  of 
rabbits  killed  the  embryos,  or  in  case  they  survived 
the  young  showed  various  malformations  or  died  soon 
after  birth.  Abortion  has  been  observed  in  the  human 
female  as  the  result  of  irradiation. 

Bordier  found  that  irradiation  of  silkworms  caused  the 
latter  to  become  stunted  in  growth,  darker  in  color,  and 
less  active.  Such-  caterpillars  produced  smaller  cocoons 
and  the  majority  of  the  larvae  died;  very  few  passed  into 
the  complete  pupa  state  and  none  reached  a  perfect 
transformation  into  the  moth  stage.  Perthes  found 
that  the  irradiation  of  one  wing  of  a  young  chick  caused 
a  marked  inhibition  of  growth  in  the  irradiated  wing, 
so  that  it  lagged  far  behind  the  other  in  its  development, 
both  the  bones  and  the  feathers  being  affected.  He 
noted  also  that  the  irradiation  of  a  healing  wound 
caused  a  delay  in  cicatrization.  Inhibition  of  growth 
due  to  irradiation  has  also  been  observed  in  man. 
Oilman  and  Baetjer  found  that  the  eggs  of  Amhlystoma 
after  irradiation  gave  rise  to  embryos  showing  no 
external  mouths.  Chicks  developed  in  eggs  exposed  to 
the  rays  showed  malformations  of  the  occipital  region 
and  extremities,  the  feathers  being  abnormally  dis- 
tributed in  patches  over  the  body.  On  the  other  hand, 
Schwarz  found  that  irradiation  caused  no  inhibition  of 
growth  in  the  eggs  of  the  sea-urchin. 

Effects  upon  the  Nervous  System. — In  animals  exposed 
experimentally  for  relatively  long  periods  of  time,  marked 
nervous  symptoms  rapidly  develop.  BUndness,  paralysis, 
and  coma  are  the  most  important  of  these  nervous 
phenomena,  and  the  question  as  to  whether  they  are  the 
result  of  changes  produced  directly  upon  the  nervous 
tissues  by  the  rays  or  are  the  result  of  the  toxaemia 
arising  from  the  disintegration  of  protein  cannot  be 
answered  at  the  present  time.  Kienboch  attributed 
the  marked  nervous  symptoms  to  an  inflammation  of 
the  central  nervous  system.  Seldin  found  an  intense 
injection  of  the  meninges  in  white  mice  dying  after 
irradiation,  with  paresis  of  the  posterior  extremities. 
In  larger  animals  such  changes  were  not  found.  Birch- 
Hirschfeld  found  in  exposed  rabbits  a  necrosis  of  the 
cells  of  the  retina  and  a  secondary  atrophy  of  the  optic 
nerves.  Inflammation  of  the  peripheral  nerves  is  seen 
in  and  about  x-ray  lesions  of  the  skin. 
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Kidneys. — Warthin  has  shown  experimentally  that 
transitory  nuclear  changes  may  be  produced  in  the 
renal  epithelium  after  shght  exposures.  After  prolonged 
exposures  these  changes  are  more  marked,  appearing 
as  a  cloudy  swelling  associated  with  alljuminuria.  In  the 
kidneys  of  human  cases  of  leukaemia,  lymphocytoma, 
and  Hodgkin's  disease  treated  by  irradiation  over 
relatively  long  periods  of  time  he  found  marked  de- 
generative changes  and  atrophy  associated  with  ex- 
tensive deposits  of  lime  salts.  As  such  changes  are  not 
found  in  untreated  cases  of  these  diseases  it  is  fair  to 
assume  that  they  resulted  from  the  treatment,  probably 
from  the  excretion  of  poisons  produced  by  continuous 
protein  disintegration,  but  they  may  be  also  to  some 
extent  dependent  upon  the  direct  action  of  the  rays. 
In  common  with  Edsall  the  writer  has  called  attention 
to  the  possible  exacerbation  of  a  nephritis  by  means 
of  Roentgen-ray  treatment. 

Intestine. — Experimentally  an  increased  formation  of 
mucus  can  be  produced  throughout  the  intestine  by 
repeated  or  prolonged  irradiation.  The  writer  has  seen 
in  'a  case  of  lymphatic  leukaemia  treated  for  a  long 
period  with  abdominal  exposures  a  most  extraordinary 
formation  of  a  mucoid  material  throughout  the  entire 
intestine,  associated  with  a  large  mucocele  of  the 
appendix. 

Up  to  the  present  time  no  thorough  studies  have  been 
made  of  the  effects  of  irradiation  upon  the  liver,  pan- 
creas, adrenals,  and  the  remaining  internal  organs.  In 
the  case  of  the  mammary  gland  marked  atrophy  has  been 
seen  to  follow  irradiation;  and  atrophic  changes  occur 
in  the  salivary  glands  and  glands  of  the  skin  as  the  result 
of  repeated  irradiations,  even  when  these  are  of  slight 
degree. 

Effects  upon  Bacteria. — The  experimental  studies  car- 
ried out  by  various  investigators  as  to  the  action  of  the 
rays  upon  bacteria  have  giveri  only  negative  results. 
No  inhibitory  or  bactericidal  action  has  been  positively 
demonstrated.  Nevertheless  some  clinicians  assert  that 
the  rays  have  destructive  action  upon  tubercle  and 
lepra  bacilli  in  the  skin.  These  statements  need  further 
confirmation. 

Protozoa. — Schaudinn  found  that  amcebse  exposed  to 
Roentgen  rays  soon  became  spherical  and  smooth,  took 
up  water,  and  became  so  swollen  as  to  burst  in  an 
explosive  manner.  At  the  end  of  ten  hours  all  the 
amoebse  exposed  became  converted  into  small  heaps  of 
granules.  Joseph  and  Prowazek  fomid  that  Paramecia 
and  Daphnia  showed  a  negative  tropism  toward  the 
rays.  In  the  case  of  Paramecia  certain  changes  occurred 
that  could  be  interpreted  only  as  of  the  nature  of  an 
injury  or  exhaustion.  On  the  other  hand,  Ross  found 
that  prolonged  exposure  caused  no  changes  in  try- 
panosomes. 

Action  upon  Pathological  Conditions. — The  application 
of  Roentgen  irradiation  to  the  treatment  of  neoplasms, 
lupus,_  lepro.sy,  leukaemia,  pseudoleukemia,  exoph- 
thalmic goitre,  etc.,  is  based  upon  the  destructive  action 
of  the  rays  on  young  and  growing  uells.  No  specific 
curative  action  has  been  demonstrated;  the  cause  of 
the  disease  is  not  affected;  the  cellular  proliferation 
resulting  from  its  action  is  alone  influenced.  Symp- 
tomatic cures  rather  than  essential  ones  are  therefore 
to  be  looked  for  in  these  conditions.  Pathological 
proliferations,  excess  of  growth,  etc.,  are  the  conditions 
suitable  for  treatment  by  this  method.  It  is  contra- 
indicated  in  conditions  in  which  severe  cellular  damage 
has  already  occurred,  or  in  conditions  in  which  a  stimu- 
lation of  the  regenerative  powers  of  a  tissue  is  desired. 

The  nature  of  the  destructive  action  of  the  rays  upon 
nuclei  has  been  variously  explained.  No  one  of  the 
different  theories  given  is  acceptablej  however.  Several 
writers  assert  that  cholin  produces  in  lymphoid  tissues 
the  same  changes  seen  after  irradiation,  and  they 
ascribe  to  the  rays  a  "corrosive  action."  The  dis- 
integration of  the  chromatin  of  the  lymphocjrtes  or 
epithelial  cells  after  irradiation  remains  an  unexplained 
process,  and  an  important  field  for  investigation  is  here 


opened  up.  The  researches  of  the  last  few  years  have 
shown,  however,  the  important  fact  that  irradiation  is 
not  the  harmless  thing  it  was  at  first  thought  to  be,  and 
the  reckless  exposures  for  diagnostic  purposes,  once  so 
common,  are  fast  becoming  a  thing  of  the  past.  Oper- 
ators have  learned  the  necessity  of  protecting  both 
themselves  and  their  patients.  The  relation  of  the 
action  upon  the  sexual  glands  to  certain  social  and 
moral  questions  can  only  be  hinted  at  here,  and  the 
same  thing  is  true  of  the  medicolegal  questions  arising 
out  of  the  power  of  the  rays  to  produce  serious  injuries. 

Aldred  Scott  Warthin. 

Literature. — The  references  given  in  this  article  can  be  found  in 
full  in  the  writer's  paper  published  in  the  Physician  and  Sur- 
geon, Detroit  and  Ann  Arbor,  1907. 

RONCEGNO. — Roncegno  is  situated  in  the  Austrian 
Tyrol,  not  far  from  the  Italian  frontier,  about  twenty 
miles  east  of  Trent  which  is  on  the  line  of  railway  between 
Innsbruck  and  Verona  crossing  the  Brenner  Pass.  There 
is  now  a  railway  station  at  Roncegno  on  the  Val  Sugana 
line.  The  village  has  a  charming  situation  in  a  valley 
1,750  feet  above  sea-level,  and  is  protected  on  the  north 
by  high  mountains.  The  surroundings  are  most  pict^ 
uresque  and  attractive,  but  the  life  is  said  to  be  dull. 
The  climate  is  fairly  equable.  May  and  September  being 
the  pleasantest  months.  Within  a  few  miles  of  Roncegno 
is  the  resort  of  Levico,  with  springs  of  similar  composi- 
tion, a  favorite  spa  for  Italians. 

The  waters  of  both  Levico  and  Roncegno  are  classed 
under  the  head  of  arsenical  waters,  or  arsenic-and-iron 
waters,  comparable  with  La  Bourboule  and  Mt.  Dore. 
Besides  containing  arsenic,  however,  of  which  there  is 
.067  of  arsenous  acid  to  the  htre,  the  Roncegno  waters 
also  contain  very  considerable  amounts  of  the  metallic 
sulphates,  iron,  manganese,  aluminum,  nickel,  cobalt, 
and  a  notable  amount  of  copper,  namely,  1.27  of  sul- 
phate of  copper  per  htre. 

On  account  of  its  strength,  the  dose  of  this  water  is 
small  and  its  effects  have  to  be  carefully  watched. 
From  one  to  four  tablespoonfuls  are  drunk  daily,  the 
maximum  amount  being  six  tablespoonfuls. 

Baths,  douches,  vapor  baths,  and  inhalations  are 
also  employed,  the  water  being  largely  diluted. 

The  source  of  this  highly  mineralized  water  is  at  a 
near-by  mine,  and  from  thence  the  water  is  conveyed  to 
the  baths  in  the  village.  It  is  at  first  turbid,  but  be- 
comes clear  on  standing,  a  yellowish  deposit  collecting 
in  the  tanks.  This  deposit,  made  semi-Uquid  by  means 
of  steam,  is  employed  as  a  "poultice  bath,"  and  is  said 
to  be  beneficial  in  muscular  rheumatism,  chronic  rheu- 
matic arthritis,  sciatica,  and  strumous  joints.  The 
effect  of  this  appUcation  to  the  skin  is  said  to  be  very 
irritating,  a,nd  is  apt  to  cause  a  papular  eruption. 

The  diseases  and  conditions,  besides  those  already 
mentioned,  for  which  these  waters  are  appUcable,  are, 
in  a  general  way,  those  which  would  be  benefited  by  the 
use  of  arsenical  waters,  or  of  arsenical  and  iron  waters, 
such  as  anosmia,  skin  affections,  the  cachexia  resulting 
from  malaria,  long  convalescence  from  acute  illnesses, 
and  neurasthenia  dependent  upon  an  anaemic  condition. 

The  accommodations  are  said  to  be  fairly  comfortable: 
there  is  a  Kurhaus  which  accommodates  one  hundred 
and  fifty  persons,  besides  several  smaller  hotels.  The 
season    extends  from  May  1st  to  September. 

Any  one  in  search  of  arsenical  waters,  unless  happen- 
ing to  be  in  the  locaUty  of  Roncegno,  would  naturally 
select  La  Bourboule,  not  only  on  account  of  its  ease  of 
access,  but  as  well  on  account  of  its  more  extensive  and 
elaborate  establishment  and  the  greater  certainty  of 
obta,ining  suitable  accommodations  and  skilled  medical 
service.  The  amusement  resources  at  La  Bourboule 
are  also  much  more  varied,  and  altogether  it  would 
appear  to  be  the  more  attractive  place. 

Edward  0.  Otis. 

SAIODIN  (Sajodin)  is  the  calcium  salt  of  mono-iodo- 
behenic  acid:'  a  product  of  erucaic  acid  obtained  from 
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rapeseed  oil  (CjjH4jOsl)3  Ca.  It  is  a  colorless,  com- 
pletely-odorless, and  tasteless  powder.  It  is  a  chemical 
unit  containing  26  per  cent,  of  iodine  and  4.1  per  cent, 
calcium;  insoluble  in  water,  alcohol,  and  ether.  On 
incineration  it  develops  abundant  iodine  fumes.  Ex- 
posed to  light  saiodin  becomes  yellow  superficially  with- 
out undergoing  decomposition  toward  the  centre  of  the 
mass.  It  is  a  product  resulting  from  an  effort  to  obtain 
a  substitute  for  potassium,  sodium,  and  strontium  iodide, 
one  which  would  possess  the  therapeutic  value  without 
the  disturbing  collateral  effects.  lodipin  had  been 
introduced,  a  product  obtained  through  the  action  of 
chloriodine  on  sesame  oil;  but  containing  both  halogens 
it  was  applicable  chiefly  by  subcutaneous  injection 
because  of  its  unpleasant  oily  taste.  Saiodin  contains 
no  chlorine,  is  stable  and  tasteless.  It  is  said  to  pass 
■unchanged  through  the  stomach  and  consequently 
without  effect  upon  that  organ;  does  not  cause  nausea 
or  loss  of  appetite  and  slowly  decomposes  in  the  intestines 
from  where  it  is  utilized.  Patients  susceptible  to  the 
nasal,  pharyngeal,  and  conjunctival  symptoms  of  iodism 
are  free  from  these  collateral  disturbances  when  using 
saiodin. 

Saiodin  is  applicable  in  all  cases  where  the  iodides  are 
employed,  and  in  from  1  to  3  grams  daily  contributes 
■to  the  organism  less  of  iodine  than  when  the  iodides  are 
given.  It  is  recommended  in  tertiary  syphilis,  arterio- 
sclerosis, asthma,  chronic  bronchitis,  goitre,  and  glandu- 
lar enlargements. 

The  dose  is  the  same  as  that  of  potassium  iodide. 

John  W.  Wainwright. 

SKIN  AND   ITS  APPENDAGES:  ANATOMY. —The 

skin,  or  integumentum  commune,  of  the  body  acts  as  a 
covering  and  a  protection  for  the  deeper  portions,  besides 
l)eing  an  organ  of  secretion,  of  excretion,  of  special  sense 
— the  sense  of  touch, — of  common  sensation,  and  the  con- 
servator of  animal  heat.  Embryologically ,  It  is  developed 
from  those  two  primitive  layers  of  the  blastoderm,  the 
ectoderm  and  the  mesoderm,  which  are  formed  by  the 
cellular  division  of  the  impregnated  ovule.  The  epider- 
mis, or  most  external  layer  of  the  slsin,  is  formed  from 
the  ectoderm,  while  a  superficial  portion  of  the  mesoderm 
furnishes  the  remaining  constituent  parts — thecorium,  or 
cutis  vera,  and  the  subcutaneous  or  fatty  tissue. 

General  Charactekistics. — When  fully  formed  the 
skin  can  -be  regarded  as  a  completely  closed  sac,  which 
models  itself  so  closely  upon  the  portions  of  the  body 
which  lie  immediately  below  it,  that  it  allows  their 
shape  and  configuration  to  be  more  or  less  accurately 
■distinguished.  This,  naturally  and  to  a  great  extent, 
■will  depend  upon  the  amount  of  intervening  fatty  tissue. 
When  the  latter  is  present  in  excessive  amount,  symmetry 
and  roundness  of  form  are  naturally  lost. 

The  skin  does  not  stop  abruptly  at  the  natural  open- 
ings of  the  body.  It  is  continuous  at  these  points  with 
the  mucous  membrane  which  clothes  the  cavities.  At 
the  nares,  on  the  labia  majora  and  minora,  and  on  the 
external  surface  of  the  anus,  the  transition  of  the  skin 
over  to  the  mucous  surface  is  gradual,  but  at  the  mouth, 
on  the  eyelids,  and  at  the  meatus  urinarius,  it  is  abrupt. 

The  integument  is  very  variable  in  thicliness.  In 
general,  it  varies  between  0.5  and  4  mm.  (gV  to  }  in.),  ex- 
clusive of  the  subcutaneous  tissue.  It  is  thinnest  on  the 
eyehds,  and  thickest  on  those  portions  which  are  sub- 
jected more  especially  to  pressure,  as  on  the  palms  of  the 
iand  and  soles  of  the  feet,  or  which  serve  as  points  of 
insertion  for  muscles,  as  on  the  upper  lip,  aloe  nasi,  etc. 

Density  and  Elasticity.— 1%  has  been  found  that  the  skin 
possesses  considerable  solidity  and  very  perfect  elastic- 
ity. Sappey  concluded  from  his  experiments  that  a  strip 
of  skin  3  mm.  long  and  10  mm.  broad  was  able  to  sup- 
port a  maximum  weight  of  13kgm.  (36^  lb.).  The  solid- 
ity was  also  in  direct  ratio  to  the  thickness  of  tlie  piece 
of  skin  used  in  the  experiment.  As  mentioned,  the  elas- 
ticity is  very  perfect,  but  slight ;  a  considerable  amount 
of  stretching  may  result  from  the  application  of  a  small 
■weight,  and  complete  rectification  takes  place  after  its 


removal.  The  skin  is  not  of  uniform  texture,  but  con- 
sists of  bundles  of  connective-tissue  fibres  arranged  like 
a  net,  between  which  are  spaces  of  various  sizes  which 
are  rhombic  in  shape.  In  these  spaces  there  is  found 
a  cementing  substance,  and  it  is  due  to  it  and  the  enor- 
mous network  of  elastic  fibres  that  the  former  are  able  to 
regain  their  natural  shape  after  having  been  stretched. 

Cleavage. — The  cleavage  lines  of  the  skin  were  demon- 
strated by  Langer.  He  pierced  the  skin  with  small, 
round  awls  in  multiple  places,  and,  after  removal  of  the 
instruments,  observed  that  the  wounds  which  were  made 
were  linear.  He  then  made  series  of  them  in  rows  and 
close  together,  and  from  uniformity  in  the  direction  of 
the  long  axes  of  a  more  or  less  greater  number  of  them, 
he  was  able  to  conclude  that  the  skin  possessed  complete 
linear  cleavage  over  the  greater  part  of  the  surface  of  the 
body.  Not  on  all  of  it,  however,  for  in  some  places,  as 
on  the  forehead,  on  many  points  on  the  scalp,  etc.,  the 
wound  made  was  a  trtangular  one,  and  he  found  that 
these  occurred  where  two  spaces  met  together  which 
possessed  linear  cleavage  in  opposite  directions.  The 
explanation  of  the  fact  that  the  skin  is,  to  a  great  extent, 
cleavable  linearly,  is  to  be  found  in  the  arrangement  of 
the  spaces  between  the  bundles  of  fibres. 

Tension. — Except  upon  the  scalp,  the  palms  of  the 
hands,  and  the  soles  of  the  feet,  the  skin  is,  more  or  less, 
in  a  state  of  tension.  When  a  portion  is  excised,  it  will 
be  seen  that  it  diminishes  in  size  to  such  an  extent  that 
it  will  no  longer  cover  the  surface  which  has  been  laid 
bare.  This  cannot  be  ascribed  entirely  to  the  retraction 
of  the  borders  of  the  wound,  but  is  also  due  to  the  dimi- 
nution in  size  of  the  excised  piece,  which  is  then  no 
longer  subjected  to  its  former  tension.  Where  the  skin 
possesses  linear  cleavage,  the  tension  is  in  the  direction 
of  these  lines;  but  where  this  condition  does  not  exist,  it 
occurs  uniformly  in  every  direction  in  the  plane  of  the 
surface.  The  tension  likewise  depends  upon  the  move- 
ments of  the  joints  and  muscles,  the  amount  of  fat  de- 
posited in  the  subcutaneous  tissue,  and  also  upon  morbid 
conditions,  such  as  oedema,  or  upon  the  existence  of  preg- 
nancy. In  this  latter  condition  the  degree  of  tension 
may  be  so  great  that  a  permanent  change  may  result  in 
the  direction  in  which  the  bundles  of  fibres  run. 

Color. — The  color  of  the  skin  differs  according  to  the 
individual,  the  race,  and  the  age,  and  it  also  varies  upon 
different  portions  of  the  body.  It  cannot  be  ascribed  in 
certain  races  to  climatic  influences  alone,  since  in  the 
same  zones  people  of  different  color  are  found,  as  in 
Africa,  negroes,  and  in  a  corresponding  portion  of  Amer- 
ica, the  much  lighter  colored  Indians.  The  difference  in 
color  depends  entirely  upon  the  amount  of  pigment  pres- 
ent in  the  rete  Malpighii,  where,  under  the  form  of  gran- 
ules, it  is  found  especially  in  its  lower  layer  or  stratum 
basale.  This  is  easily  demonstrable  in  the  skin  of  the 
negro  two  or  three  days  after  death,  and  before  decom- 
position has  set  in.  If  the  skin  is,  under  such  conditions, 
sharply  rubbed,  the  epidermis  is  detached  and  rolls  up 
under  the  finger,  and  the  corium  or  true  skin  is  seen  to 
be  of  a  dull  white  color.  In  the  white  race  the  color 
changes,  within  certain  limits,  in  the  various  seasons  of 
the  year.  When  the  skin  is  exposed  to  the  heat  and  the 
sun  in  summer,  there  is  an  increase  in  pigment  deposit 
and  it  appears  darker,  but  this  disappears  and  the  whiter 
color  returns  in  winter. 

Under  certain  physiological  conditions,  such  as  preg- 
nancy, there  is  likewise  an  increase  in  the  amount  of  pig- 
ment in  particular  portions  of  the  skin — the  areola  around 
the  nipple,  the  linea  alba,  etc. — and  this  may  in  some 
instances  be  to  an  exaggerated  extent.  A  large  portion 
of  this  increase  often  disappears  after  the  birth  of  the , 
child,  but  a  considerable  amount  usually  remains.  In 
the  male  the  scrotum  and  penis,  and  in  the  female  the 
vulva,  are  of  a  darker  color  than  the  rest  of  the  skin. 
The  pink  or  red  color  seen  on  certain  portions  of  the 
body,  as  the  cheeks,  or  induced  by  certain  temporary 
causes,  as  those  which  produce  flushing,  is  due  to  the 
blood  in  the  vessels  of  the  cutis.  These  latter  becoming 
filled  with  blood  its  color  is  conveyed  to  the  eye  through 
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the  epidermic  covering.  When  venous  congestion  is 
present  the  color  is  more  or  less  of  a  bluish  tinge.  In  old 
age  the  skin  acquires  a  more  or  less  yellow  color,  due  to 
the  atrophic  changes  that  take  place  in  it,  and  also  to  the 
lesser  amount  of  blood  supplied  to  it. 

TU  Folds  and  the  Farrows  of  tlw  Skin.— Many  furrows 
are  seen  on  the  skin.  Some  are  long  and  deep,  others  are 
short  and  shallow.  The  former  are  present  to  a  great 
extent  from  hirth,  and  are  seen  running  in  a  transverse 
direction  across  the  extensor  and  flexor  surfaces  of  joints. 


Fig.  5226.— Section  of  the  Skin  (epidermis  and  the  papillary  portion  of 
the  corium)  on  the  Sole  of  an  .Adult  Foot.  Specimen  hardened  in 
a  solution  of  picric  acid  and  bichloride  of  mercury,  and  stained  with 
haematoxylin  and  eosin.  Magi^lfled  90  diameters.  (After  Rabl.) 
Str  d..  Stratum  disjunctum ;  Str  c,  stratum  comeum ;  Str  I., 
stratum  lucldum ;   Str  gr.,  stratum  granulosum :   Sir  g.,  stratum 

fermlnativum ;  Str  sp,  stratum  spinosum ;  F,  fold  of  epithelium  ; 
),  glandular  ridges ;   S,  outlet  channel  of  a  sweat  gland ;  P, 
papillae ;  Bl,  blood-vessel. 

The  latter  are  represented  by  the  wrinkles  on  the  face 
which  develop  with  age.  These  latter  are  due  partly  to 
the  diminished  elasticity  and  turgescence  of  the  skin,  but 
they  are  induced  more  often  by  muscular  contraction  and 
stretching  of  the  cutis. 

The  furrows  around  the  joints  are  produced  by  the 
movements  of  flexion  and  extension.  They  are  not  able 
to  overcome  directly  the  tension  of  the  bundles  of  fibres, 
which  in  this  situation  run  transversely  or  obliquely 
across  the  joints;  in  consequence  the  fibre  bundles  are 
not  stretched  by  the  ordinary  movements,  but  the  rhom- 
boidal  spaces  between  them  are.  On  one  side  of  the  joint 
their  tension  is  in  the  direction  of  their  breadth,  while  on 
the  opposite  side  the  fibre  bundles  are  brought  closer  to- 
gether. In  this  way  the  constant  furrows  around  the 
joints  are  caused.  Those  which  are  due  to  muscular  ac- 
tion, as  the  wrinkles  on  the  forehead,  etc.,  are  produced 
in  the  same  manner,  the  constant  repetition  of  the  move- 
ments finally  effecting  a  permanent  change  in  the  arrange- 
ment of  the  fibre  bundles  and  of  the  spaces  between  them. 

The  folds  seen  in  very  emaciated  persons  are  likewise 
caused  by  the  diminution  in  the  size  of  the  rhomboidal 
spaces.  This  is  brought  about  by  the  loss  of  fat  and  the 
consequent  change  in  the  arrangement  of  the  fibrous 
•  structure  of  the  skin.  Coarser  furrows  are  also  seen  on 
the  palms  of  the  hands  and  on  the  soles  of  the  feet,  and 
in  these  places  the  skin  is  not  movable.  These  furrows 
are  always  permanent,  being  caused  by  the  firm  union  of 
the  skin  to  the  tissues  below  by  means  of  short  bundles 


of  connective-tissue  fibres.  Dimples,  where  they  occur, 
are  due  to  the  same  cause ;  that  is,  the  skin  is  at  that 
point  attached  to  the  underlying  tissues  and  does  not 
move  together  with  the  rest  of  the  skin  of  which  it  forms 
a  portion. 

The  Strtjctukb  op  the  Skin. — The  integument  of 
the  body  is  composed  of  several  layers.  The  most  exter- 
nal of  these  consists  of  epithelium  and  is  termed  the  epi- 
dermis. It  clothes  the  outer  surface  of  the  corium,  or 
cutis  propria,  the  line  of  division  between  the  two  being 
very  sharply  defined  and  great  morphological  difference 
exists  between  the  elements  composing  each.  The 
corium  is  a  closely  knit  tissue,  consisting  of  connective 
tissue,  elastic  fibres,  and  unstriped  muscle.  It  contains 
the  glands  of  the  skin  and  the  hair,  and  is  rich  in  blood- 
vessels and  in  nerves.  It  is  not  sharply  limited  on  its 
under  surface,  but  goes  over  here  gradually  into  the  sub- 
cutaneous or  fatty  layer  of  the  skin.  This  layer,  the 
panniculus  adiposus,  is  in  reality  the  deeper  portion  of 
the  cutis,  and  consists  of  connective-tissue  fibres  loosely 
put  together,  which  contain  in  their  cells  and  in  the 
spaces  between  them  a  more  or  less  large  amount  of  fat. 

The  epidermis  and  the  corium  are  the  most  important 
portions  of  the  skin,  and  vary  in  many  particulars  on 
different  portions  of  the  body.  The  various  appendages 
of  the  skin — the  hair,  the  nails,  and  the  glands — are  de- 
rived from  or  are  attached  to  them. 

Epidermis. — Embryology. — ^The  epidermis,  the  most 
external  layer  of  the  skin,  is  formed  from  the  ectoderm, 
and  in  the  first  month  of  life  and  the  beginning  of  the 
second  consists  of  only  a  single,  or  in  its  thicker  portions 
of  two  or  three  rows  of  polygonal  cells.  Below  these  is 
a  layer  of  very  small  cells,  which  represent  the  origin  of 
the  stratum  mucosum  or  rete  Malpighii.  This  increases, 
in  the  course  of  development,  to  several  rows  of  cells,  the 
layer  becoming  more  and  more  distinct  and  thicker.  In 
the  mean  time  the  outermost  cells  have  also  become  flat- 
ter, and  represent  the  primitive  homy  layer,  which, 
however,  remains  during  foetal  life  of  a  low  grade.  It  is 
subjected  to  constant  desquamation,  and  the  scales  from 
its  surface  are  mixed  with  the  secretions  from  the  skin  to 
form  the  vernix  caseosa.  As  early  as  the  eighth  month 
(Unna),  granular  cells  begin  to  appear  between  the  homy 
and  mucous  layers,  and  the  cornification  of  the  epidermis 
cells  becomes  more  marked.  Nevertheless,  and  before 
this,  the  horny  layer  has  become  strong  enough  to  op- 
pose sufficient  force  to  the  epithelial  growth  and  to  the 
proliferation  of  its  cells,  so  that  the  increase  in  thickness 
of  the  rete  Malpighii  can  no  longer  take  place  in  the 
direction  of  the  external  surface,,but  is  compelled  to  pro- 
ceed downward  toward  the  cutis  propria.  It  penetrates, 
in  its  further  development,  into  the  spaces  between  the 
rudimentary  papillae,  springing  from  the  surface  of  the 
cutis,  and  thus  forms  the  interpapillary  prolongations  of 
the  epidermis.  It  is  by  virtue  of  these  ingrowths  of  the 
epidermis  that,  when  fullj' formed,  it  lies  upon  the  derma 
as  an  accurately  fitting  coat,  which  follows  closely  the 
outlines  and  inequalities  of  the  true  skin. 

Thickness  of  the  Epidermis. — The  thickness  of  the  epi- 
dermis, as  a  whole,  varies  from  birth  to  old  age,  on  dif- 
ferent parts  of  the  body,  and  is  also  influenced  hj  exter- 
nal causes,  as  pressure,  rubbing,  etc.  At  birth  it  is  from 
0.15  mm.  to  0.25  mm.  in  thickness,  but  in  adult  life  from 
0.75  mm.  to  1.66  mm.  The  differences  are  due,  for  the 
most  part,  to  the  thickness  of  the  horny  layer,  which  in 
some  situations,  as  on  the  palms  and  soles,  or  on  any  sur- 
face subjected  to  constant  pressure,  may  attain  a  very- 
considerable  increase  in  thickness. 

Layers  of  the  Epidermis. — The  epidermis  is  divided  Into 
two  major  layers,  due  to  the  different  consistence  of  the 
cells  constituting  each.  The  most  external  and  super- 
ficial one,  consisting  of  horny  cells,  is  firm  and  resistant, 
and  termed  the  stratum  comeum,  while  the  one  imme- 
diately below  it,  lying  in  contact  with  the  derma,  is 
called  the  stratum  mucosum,  or  rete  Malpighii.  The 
latter  consists  of  soft  epithelial  cells  and  is  sharply  de- 
fined from  the  stratum  comeum.  Both  of  these  major 
layers  are  still  further  subdivided  according  to  the  ap- 
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pearance  of  its  cells,  or  to  the  reaction  of  their  various 
portions  to  certain  coloring  substances. 

Hete  Malpighii. — The  most  deeply  situated  cells  of  the 
stratum  mucosum,  those  which  are  in  immediate  contact 
■vi(ith  the  derma,  are  cylindrical  in  shape  and  form  the 
basic  layer  or  stratum  basale  of  the  rete.  Its  importance 
can  be  estimated  from  the  fact  that  it  represents  the  pro- 
ductive part  of  the  stratum  mucosum.  In  normal  skin 
they  are  the  only  cells  which  show  the  karyokinetic  cell 
figures  and  indirect  division  of  the  nucleus  occurring  in 
epithelial  growths.  Their  long  axes  are  directed  per- 
pendicularly to  the  coriimi,  and  if  the  layer  is  carefully 
examined,  small  basic  cells,  resulting  from  the  cell  divi- 
sion, are  seen  pushing  their  way  in  between  the.  older 
ones. 

The  cylindrical  cells  send  out  into  the  corium  more  or 
less  long  prolongations,  but  the  spines,  which  character- 
ize the  entire  rete,  are  seen  clearly  only  upon  their  upper 
<;ontours.  It  is  In  these  cells,  especially,  that  a  more  or 
Jess  large  amount  of  pigment  granules  are  deposited, 
which  give  the  various  shades  of  color  to  the  skin  of  dif- 
ferent individuals  and  races. 

Above  the  basic  layer,  cells  of  various  shapes  and  sizes 
are  found.  Over  the  papillae,  and  in  the  interpapillary 
portions  of  the  rete,  round  and  cuboid  and  polygonal 
•cells  are  seen.  In  the  interpapillary  prolongations,  how- 
ever, round  cells  predominate.  As  the  external  surface 
is  approached  the  cells  become  larger,  and  have  their 
long  axes  more  parallel  to  the  surface  of  the  skin.  The 
<;ells  themselves  have  a  body  consisting  of  finely  granu- 
lated protoplasm,  which  contains  a  clearly  defined  nu- 
■cleus,  in  which  are  several  nucleoli.  According  to  the 
position  of  the  cells  in  the  rete,  the  shape  of  the  nucleus 
varies.  In  the  uppermost  portions  it  is  oval,  in  the  mid- 
dle, round,  and  in  the  cylindrical  layer,  rod-like,  thus 
agreeing  more  or  less  accurately  with  the  shape  of  the 
•cell  The  varying  form  of  all  of  these  cells  is  due  in 
general  to  the  degree  of  mechanical  pressure  to  which 
they  are  subjected  by  the  individual  growth  of  each,  and 
by  other  causes,  such  as  atmospheric  pressure.  The  cells 
■composing  this  portion  of  the  rete  Malpighii  do  not  he 
in  close  contact  with  each  other,  but  are  held  in  apposi- 
tion by  protoplasmic  prolongations  from  their  surfaces, 
which  are  continuous  with  the  protoplasm  of  the  cell 
liody  They  have  been  termed  spines.  It  is  due  to  this 
characteristic  that  the  entire  layer  has  been  named  the 
stratum  spinosum.  ..,.,    i'  i      n 

The  spines  which  charactenze  these  epithelial  cells, 
were  first  observed  by  Schron,  and  the  function  of  bind- 
ing the  cells  together  has  been  attributed  to  them.  I  he 
manner  in  which  this  occurs  has,  however,  always  been 
A  subiect  of  controversy.  Max  Schultze  was  of  the 
■opinion  that  they  were  arranged  as  in  a  pinion  and 
ratchet-  Bizzozero,  that  their  ends  were  united  together; 
and  Ranvier,  that  their  ends  were  fused  together  form- 
ine  a  peculiar  elastic  organ  which  allowed  considerable 
movement.  These  spines  can  be  studied  best  in  rapidly 
proliferating  growths  of  the  rete,  as  m  condylomata 
.-acuminata;  but  in  the  normal  skin  it  is  very  difficult  to 
form  any  opinion  in  regard  to  their  natural  arrange- 
ment Whether  the  spines  are  active  or  passive  in  their 
nature  is  likewise  a  disputed  point.  Still,  as  Unna  has 
pointed  out,  they  are  in  all  probability  the  result  ot 
active  protoplasmic  movement,  since  they  are  purely 
prolongations  of  the  cell  body  and  consist  of  the  same 

^''SSiar  Spa<je«.-The  arrangement  of  the  epiMS 
:springing  from  the  surface  of  the  cells  of  the  rete  is  such 
that  small  spaces  are  left  between  them.  These,  the  in- 
tercellular, spaces  of  the  stratum  mucosum,  are  of  great 
importance,  inasmuch  as  they  serve  as  channels  foi  the 
passage  of  the  nutrient  fluids  from  the  cormm  to  the  epi- 
thelium The  communication  existing  between  the  blood 
and  lymph  vessels  and  spaces  and  these  "itei;cellular 
spaces  was  clearly  demonstrated  by  Nalepa^>  ho  suc- 
ceeded in  iniecting  them  from  the  subepithelial  blood- 
vessels.    Thi  wandW  cells  coming  from  tli^^vesse^^^^^^ 

the  cutis  and  seen  in  the  rete  are  also  enabled  to  wander 
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along  by  means  of  these  spaces,  and  they  are  the  source 
of  the  pigment  sometimes  seen  in  these  situations. 

Stratum  Qranulosum. — Situated  above  the  stratum 
spinosum,  but  yet  in  close  contact  with  it,  is  a  layer  of 
cells  characterized  by  the  possession  of  certain  peculiari- 
ties. This  layer  consists  of  one  or  two  rows  of  cells, 
seldom  of  more,  upon  whose  surfaces  shortened  spines 
may  still  be  seen,  and  they  also  contain  granules  of  va- 
rious sizes  and  shapes.  It  is  owing  to  the  presence  of 
these  that  it  has  received  the  name  of  stratum  granu- 
losum.  These  granules  react  toward  certain  coloring 
substances  in  a  marked  manner,  and  stain  very  deeply. 
Unna,  who  has  studied  this  layer  very  carefully,  states 
that  it  makes  its  appearance  in  the  epidermis  toward  the 
end  of  foetal  life,  but  that  it  can  be  seen  much  earlier  in 
the  inner  root  sheath  of  the  embryonic  hair, 

The  stratum  granulosum  is  present  over  the  entire 
skin,  except  on  the  vermilion  border  of  the  lips  and  in 
the  nail  bed.  The  granules  appear  white  by  direct  light, 
and  for  this  reason  Unna  asserts  that  they  are  the  cause 
of  the  white  color  of  the  Caucasian  race.  Such  an  ex- 
planation is,  however,  scarcely  a  reasonable  one,  owing 
to  the  fact  that  this  same  stratum  granulosum  is  present 
in  the  skin  of  the  negro  as  well  as  in  that  of  the  other  dark 
races ;  and  besides,  when  it  is  found  pathologically  or  even 
under  natural  conditions  greatly  Increased  in  depth,  it 
does  not  seem  to  cause  the  color  of  the  portions  where  it 
is  situated  to  be  whiter  than  the  remainder  of  the  skin. 
The  stratum  granulosum  is  very  marked  in  condylomata 
acuminata  and  on  the  palmar  surface  of  the  hands,  and 
yet  the  former  are  far  from  being  white  in  color,  and  the 
latter  are  not  especially  so. 

The  granules  which  are  present  in  these  cells  have  been 
the  subject  of  so  much  discussion  that  they  are  worthy 
of  extended  consideration.  They  were  observed  long 
ago  by  KOlliker  in  the  medulla  of  the  hair,  and  by  Auf- 
hammer  in  the  epidermis.  Langerhans,  however,  was 
the  first  to  describe  them  carefully,  while  Unna  pointed 
out  that  they  stood  in  constant  relationship  to  the  proc- 
ess of  cornification,  and  he  claimed  that  they  represented 
the  intermediate  steps  which  occurred  in  this  process, 
transforming  the  soft  epithelial  cells  into  horny  tissue. 
Runviei'  regarded  them  as  drops  of  a  fluid  substance, 
which  existed  in  a  free  state  in  the  lowest  layers  of  the 
sti-atum  corneum,  and  to  which  he  had  given  the  name 
of  eleidin.  Waldeyer,  however,  has  furnished  the  most 
satisfactory  and  correct  information  in  regard  to  them 
He  proved  that  they  could  not  be  drops  of  fluid,  because 
thev  swelled  up  on  the  addition  of  alkalies  and  also 
changed  their  shape  on  pressure,  but  not  in  the  manner 
that  fluids  do.  They  were  likewise  insoluble  in  ether, 
alcohol,  or  water,  and  possessed  a  very  great  afiinity  for 
the  nuclei-staining  dyes,  as  hieinatoxylon,  picrocarmine, 
etc.  The  supposition  that  they  were  fatty  in  character 
was  also  excluded  by  their  want  of  reaction  to  osmic 
acid.  Waldeyer  found,  on  the  other  hand,  that  they 
agreed  chemically  very  closely  with  the  hyalin  of  Reck- 
linghausen, a  product  of  degeneration,  and  for  this  reason 
he  suggested  the  name  of  keratohyalin  for  the  substance. 
Keratohyalin,  according  to  Unna,  is  found  to  a  small 
extent  around  the  nucleus  of  the  cells  in  the  middle  por- 
tion of  the  stratum  spinosum,  but  it  exists  to  a  consider- 
able extent  only  in  the  stratum  granulosum.  The  gran- 
ules here  are  small,  and  though  the  cells  are  filled  with 
them  yet  a  small  peripheral  zone  always  remains  tree 
from  encroachment.  The  cells  in  this  layer  have  atro- 
phied nuclei,  which,  however,  still  stain  well,  and  the 
intercellular  spaces  are  narrowed  to  such  an  extent  as  to 
be  almost  entirely  absent.  ..    *.  „ 

The  significance  of  keratohyahn  and  its  relation  to  the 
process  of  cornification  have  received  much  attention. 
The  general  opinion  at  present  is  in  favor  of  regarding 
these  granules,  not  as  the  cause  of  the  cornification  of  the 
rete  cells,  but  as  a  phenomenon  accompanying  that  proc- 
ess and  as  one  which  is  produced  by  the  act  of  cornifica- 
tion taking  place  in  the  periphery  of  the  cells. 

Stratum  Cm-neum.—'Y'he  layer  of  the  epidermis  lying 
above  the  stratum  granulosum  is  the  stratum  corneum. 
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It  is  tbe  one  wliiohis  most  external  and  is  in  contact  with 
tlie  air.  It  varies  greatly  in  tliicltness  on  different  por- 
tions of  the  body,  being,  however,  usually  most  marked 
on  tbe  palms  of  tbe  hands  and  on  tbe  soles  of  the  feet, 
and  also  being  always  much  increased  on  any  portion  of 
tbe  skin  which  is  subjected  to  constant  pressure.  On 
these  surfaces  especially,  but  not  exclusively— that  is,  on 
the  palms  and  the  soles— it  is  noticeable  that  its  lowest 
portion,  that  which  is  immediately  next  to  the  stratum 
granulosum,  possesses  great  transparency.  This  stratum 
is  narrow,  sharply  defined,  and  is  known  as  the  itratum 
lucidtim  of  Oebl,  but  its  existence  has  never  been  satis- 
factorily explained.  The  cells  forming  tbe  stratum  cor- 
neum  are  clear  and  transparent,  showing  neither  granules 
nor  nuclei.  Unna  claims  to  have  found  traces  of  tbe 
spines  seen  on  the  cells  of  tbe  stratum  spinosum  even 
here,  and  asserts  that  tbe  coherence  of  the  cells  forming 
tbe  horny  layer  is  due  to  their  persistence. 

By  means  of  artificial  digestion  with  pepsin  and  tryp- 
sin, it  has  also  been  found  that  the  entire  cell  does  not 
become  cornitied,  but  only  tbe  peripheral  portions. 
After  employment  of  this  method  it  is  clearly  seen  that 
it  is  the  contents  of  tbe  cells  which  are  destroyed,  while 
the  peripheral  portions  remain  and  have  the  appearance 
of  horny  shells. 

Tbe  reaction  of  tbe  epidermis  to  certain  staining  mate- 
rials allows  furthermore  a  recognition  of  several  layers 
constituting  it,  and  shows  successive  changes  not  only  in 
the  cell  substance,  but  also  in  the  intercellular  spaces. 
We  owe  to  Unna  the  following  table,  showing  the  reac- 
tion of  tbe  several  layers  of  tbe  epidermis  to  various 
dyes : 


tinct  layer  of  the  skin.  The  transformations  which  take 
place  among  the  closely  aggregated  cells  in  the  upper 
portion  are  shown  by  tlie  penetration  of  fibres  between 
them  and  by  the  deposition  of  collagenous  material.  The 
individual  cells  are  thereby  more  and  more  widely  sepa- 
rated from  each  other,  and  tbe  corium  attains  a  consider- 
able degree  of  thickness.  Gradually  blood-vessels  and 
nerves  pass  into  it,  and  upon  its  superficial  surface  the 
papillse  begin  to  form.  These  latter  appear  about  the 
sixtli  month  of  foetal  life  as  small  eminences  upon  the 
surface  of  the  cutis.  They  are  formed  by  the  growth  of 
the  epidermis,  which  puslies  before  it  the  weaker  and 
more  yielding  portions  of  the  cutis.  They  are  first  seen 
on  the  palms  of  the  hands  and  the  soles  of  the  feet,  but 
are  quite  general  toward  the  end  of  foetal  life.  The 
development  of  the  papillfe  is  not  fully  completed  until 
after  birth. 

Divisions  of  tJic  Cutis.— The  major  part  of  the  cutis 
consists  of  fibrous  connective  tissue,  which  is  poor  in 
cells  and  which  is  arranged  in  tbe  form  of  bundles.  The 
texture  of  the  cutis  is  closely  knit  in  that  portion  which 
is  next  to  the  epidermis,  but  is  much  looser  in  the  parts 
below  this.  In  this  situation,  the  fibre  bundles  crossing 
each  other  form  the  rhombic  spaces,  which  have  been 
mentioned  as  the  cause  of  the  linear  cleavage  of  the  skin. 
On  account  of  the  difference  in  the  texture  of  tbe  cutis, 
it  has  been  divided  into  two  layers:  the  one  in  immediate 
contact  with  the  epidermis  being  termed  the  pars  papil- 
laris, that  below  it,  the  pars  reticularis. 

Pars  Beticularis. — The  pars  reticularis  of  the  corium  is 
composed  of  bundles  of  fibres  of  various  sizes  and  lengths. 
They  are  continuous  with  tlic  connective  tissue  of  the 


Layers  of  the  epidermis. 


A.  Stratum  corneum  , 


B.  Stratum  granulosum  . 

C.  Stratum  spinosum 


1.  Superficial . 

2.  Middle 


3.  Suprabasic 

4a.  1 

Basic,  stratum  I 
lucidum  ol  Oehl.  ( 

4b.  I 


Rete  Malpighii, 
stratum  of  Flem- 
ing. 


Consist- 
ence. 


Firm 

Looser 

texture 

Firm 

Very  firm 


Soft.. 


OSMIC  ACID. 


Wit  li  0  u  t 
removal 
of  fatty 
matter. 


Black. . 
Clear . . 


After  re- 
m  oval 
of  fatty 
matter. 


Clear... 
Dark 
brown. 

Clear..  -! 


Clear Dark 

brown. 
Protoplasm f 

Coloring  (green). 


Picrocarmine. 


Yellow 

Red 

1 

Dark  red I 

Yellow 


Granules  color- 
ed dark  red  . . 

Nuclei  colored 
dark  red. 


H«mato  X  y  1  o  n 
(glacial  acetic 
acid). 


Bluish-white 
violet 


Bluish-white 


Granules  col- 
ored violet. 

Nuclei  colored 
blue. 


lodviolet 

(only 
slightly  de- 
colorized). 


Clear . 
Blue  . 


Nuclei 
color  e  d 
blue. 


Salicylic  acid 
—chloride  of 
iron  (H.  He- 
bra). 


Brown. 
Clear. 

Light  brown. 
Not  constant. 

Brown. 
Light  brown. 


The  several  layers  which  have  just  been  described  as 
entering  into  tbe  formation  of  the  epidermis  should  be 
carefully  considered  in  tbe  study  of  the  anatomy  of  tbe 
skin.  It  is  from  the  epidermis  that  tbe  appendages  of 
the  skin,  the  hair,  the  nails,  and  tbe  glands,  originate  and 
derive  their  most  important  parts.  We  shall  refer  to  this 
again  when  describing  these  various  constituent  portions 
of  the  skin. 

The  Corium,  Deema,  oh  Cutis  Propria. — Embry- 
ology.—The  corium,  or  true  skin,  is  that  portion  which 
lies  between  the  epidermis  and  the  subcutaneous  or  fatty 
layer.  It  is  derived  from  a  superficial  portion  of  the 
mesoderm,  con.sisting  at  first  of  only  round  cells.  In  the 
second  month  of  foetal  life,  however,  spindle-shaped  cells 
begin  to  appear,  but  only  very  little  intercellular  sub- 
stance is  present.  Very  shortly  after  this,  it  is  noticed 
that  the  cells  in  the  upper  portion  of  this  primitive  co- 
rium become  more  closely  aggregated  together  than  in 
the  lower  portion,  and  at  the  same  time  tbe  formation  of 
fibrillated  tissue  begins  in  this  latter.  Tbe  fibres  increase 
greatly  in  number,  and  by  the  fourth  month  the  presence 
of  fat  is  detected.  It  is  in  this  way  that  the  subcuta- 
neous or  fatty  layer  is  developed,  and  it  is  to  be  con- 
sidered, in  reality,  a  part  of  the  derma,  since  it  has  the 
same  embryological  source,  and  not  a  separate  and  dis- 


inner  portions  of  the  body — the  fascise,  etc. — and  pass 
upward  perpendicularly,  or  slightly  inclined  to  tbe  sur- 
face of  the  skin,  until  they  arrive  at  the  cutis.  Here 
they  run  obliquelj',  crossing  each  other  at  various  aiigles, 
and  serve  as  boundaries  for  spaces  which  are  formed  by 
their  intersection.  These  spaces  are,  in  general,  rhom- 
boidal  in  shape,  but  oftentimes  polygonal,  their  regular- 
ity depending  upon  the  length  and  uniformity  of  course 
of  the  fibre  bundles  forming  them.  The  length  of  the 
fibre  bundles  and  the  absence  of  their  firm  adhesion  to 
the  underlying  tissues  are  very  important  factors.  It  is 
owing  to  such  an  arrangement  that  the  skin  is  freely 
movable  over  the  greater  portion  of  the  body.  On  the 
scalp,  the  palms  of  tbe  bauds,  and  tbe  soles  of  the  feet, 
where  these  bundles  of  fibres  are  short  and  intimately 
united  to  the  underlying  fascia,  the  skin  is  only  very 
slightly  movable.  These  places  of  intimate  union,  how- 
ever, serve  as  fixed  points  from  which  tbe  skin  is 
stretched  over  the  body.  The  movability  of  the  skin  is 
also  limited  on  tbe  circumscribed  portions,  where  it  is  in 
immediate  contact  with  bone,  cartilage,  or  tendons,  as 
over  the  tibia,  etc. 

The  bundles  so  frequently  mentioned  are  composed  of 
fibres,  which  correspond  in  structure  to  those  of  fibrous 
connective  tissue.     Under  normal  conditions  they  are  in 
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&  state  of  tension,  and  are  for  the  most  part  straight,  but 
under  the  microscope  tiiey  are  found  presenting  a  wavy 
appearance.     Chemical  cxamhiatlon  has  shown  tliat  thev 
consist  to  a  great  extent  of  collagcno\is  material.     Tl,e 
fibres  themselves  are  bound  together  in  bundles  by  an 
albuminous  semifluid  cementing  substance,  which  Rollet 
has  found  to  be   similar   to   mu- 
cin.    According  to  Fleming,  this 
cementing  substance  not  onl}'  ex- 
ists between   the  fibres,  but   also  J 
surrounds  tlie  bundles,  and  Tomsa 
claims   that  it  binds  together  all 
the  constituents  of  the  cutis. 

The  fibres  possess  cells,  but  they 
are  numerous  only  in  the  vicinity 
of  the  large  blood-vessels.  These 
cells  are  the  usual  connective-tis- 
sue cells ;  they  are  large  and  con- 
tain nuclei  and  nucleoli.  They 
lie  upon  the  bundles  in  the  same 
manner  as  endothelial  cells  do  in 
the  situations  where  these  ai-e 
found,  and  for  this  reason  have 
at  times  been  regarded  as  forming 
an  endothelial  lining  for  the  I'hom- 
bic  spaces  between  the  bimdles. 
It  has,  however,  been  demonstrat- 
ed that  they  differ  from  the  cells 
of  endothelium  in  that  their  edges 
do  not  lie  in  contact  with  each 
other,  and  they  do  not  form  a 
continuous  covering  for  the  bun- 
dles (Rauvier). 

Elastic  Tissue. — According  to 
the  latest  investigations  made  in 
regard  to  the  elastic  fibres  of  the 
skin — a  most  thorough  study  of 
which  has  been  made  b}'  Unna — ■ 
they  are  exceedingly  abundant  in 
the  reticular  portion  of  the  cutis. 
By  the  use  of  special  methods  of 
staining  and  of  preparation,  Unna 
found  that,  under  the  form  of 
broad  bundles,  elastic  fibres  spring 
from  the  fascia  below  the  skin, 
and,  passing  up  between  the  fat 
masses,  penetrate  into  the  cutis. 
In  their  course  they  divide  contin- 
ually in  a  more  or  less  forked  manner.  These  bundles 
may  be  traced  upward  to  just  below  the  epidermis.  The 
muscles  of  the  cutis  also  serve  as  poiuts  of  origin  for 
bundles  of  elastic  fibres,  and  L'nna  claims  tliat  tliey  can 
be  seen  attached  to  the  nnrscles  at  their  points  of  origin 
and  insertion,  having  a  tendon-like  appearance. 

Another  relatively  fixed  point  of  the  ela.stic  basework 
of  the  cutis  is  seen  in  an  extensive  network  of  fibres, 
which  follows  with  the  greatest  regularity  the  outline  of 
the  epidermis,  where  this  latter  is  in  contact  with  the 
corium.  This  network,  which  L'nna  terms  the  subepi- 
thelial elastic  net,  is  situated  just  below  the  surface  of 
the  cutis,  being  separated  from  the  epidermis  by  a  nar- 
row homogeneous  strip  of  the  derma,  in  which  there  are 
very  few  blood-vessels.  From  this  network  fine  fibres 
are  given  off,  which  proceed  upward  perpendicularly 
and  are  lost  sight  of  heie  and  there  between  two  of  the 
basic  epithelial  cells  of  the  epidermis. 

There  is,  also,  in  the  papillary  portion  of  the  skm,  an 
extensive  network  of  elastic  fibres.  It  is  formed  by  the 
repeated  division  of  fibres  which  originate  from  the  sub- 
epithelial network.  All  of  these  elastic  fibres  do  not  ex- 
ist independently  of  the  rest  of  the  cutis,  but  are  more  or 
less  closely  connected  with  the  fibre  bundles  of  connective 
tissue  which  have  already  been  treated  of. 

The  relationship  of  these  elastic  networks  to  the  ap- 
pendages of  the  skin,  such  as  the  hairs  and  g  ands,  has 
not  yet  been  thoroughly  studied.  Still  Unna  clauns  that 
there  is  some  special  connection  between  them  and  the 
sweat  ducts  and  glands.     The  elastic  fibres  are  found  to 


be  entn-ely  absent  around  the  coils,  but  quite  abundant 
about  the  ducts,  along  which  they  run  in  a  parallel 
du-ection.  He  consequently  is  of  the  opinion  that  the 
contraction  of  the  clastic  network  of  the  skin,  acting 
with  the  fibre  bundles  with  which  it  is  in  close  union 
produces  a  pressure  on  the  ducts,  and  shortens  them  by 


Big.  5237. -Two  PapilliE  o(  the  Skin  of  the  End  of  the  Toe.  The  elastic  fibres  which  they  con- 
tain have  been  rendered  specially  distinct  hy  the  use  of  Weigert's  method  ol  staining.  This 
method,  while  causinir  the  elastic  fibres  to  assume  a  deep  black  color,  makes  all  the  surround- 
ing tissues  appear  pale  blue.  The  specimen  was  hardened  in  alcohol.  P,  Papilla  ;  F,  fold  of 
the  epithelial  layer  ;  D,  glandular  epithelial  ridge ;  Str.M.,  stratum  Malpighii ;  Str.c,  stratum 
corneum  :  >S'.jK.,  subepithelial  network  of  elastic  fibres,  which  are  especially  abundant  around 
the  epithelial  fold  (F),  whereas  on  the  sides  of  the  glandular  ridge  the  network  is  looser,  i.e.,  it 
contains  decidedly  fewer  elastic  fibres;  E.TF.,  basal  epithelial  cells  which  are  distinguished 
from  the  others  by  their  darker  coloring. 


diminishing  the  thickness  of  the  skin.  In  this  way  the 
passage  of  the  secretion  of  the  glands  through  the  ducts 
to  the  outer  surface  is  favored. 

Uiistriped  Muscle. — With  the  exception  of  the  palms  of 
the  hands  and  the  soles  of  the  feet,  the  skin  of  the  entire 
body  contains  a  more  or  less  large  number  of  unstriped 
muscular  fibres  and  bundles.  They  are  found  to  attain 
their  highest  development  in  the  skin  of  the  scrotum,  in 
the  penis,  and  in  the  nipple  and  its  areola.  The  vermicular 
movements  of  the  scrotum  are  due  to  these  involuntary 
mu.scles,  as  is  also  the  erection  of  the  nipple.  Tliey  are 
situated  in  the  cutis  propria,  and  lie  perpendicular  to  the 
plane  of  cleavage  of  the  skin.  On  the  penis  they  are 
arranged  in  a  circular  manner,  and  they  follow  a  similar 
course  in  the  nipple  and  in  its  areola. 

Besides  these,  there  are  other  muscles  in  the  cutis 
which,  owing  to  the  connection  existing  between  them 
and  the  hairs,  are  termed  the  arrectores  pili.  They  are 
formed  by  the  union  of  several  small  muscular  bundles, 
which,  originating  in  the  pars  papillaris,  run  an  oblique 
course  through  the  reticular  portion  of  the  cutis,  and  are 
attached  to  the  hair  follicle.  The  point  of  their  attach- 
ment is  not  uniform — sometimes  to  the  middle  portion  of 
the  hair  sheatli,  sometimes  low  down  in  the  lower  tliird. 
It  will  usually  be  observed  that  in  their  course  to  their 
point  of  attachment,  they  curve  around  the  sebaceous 
gland  attached  to  the  hair  follicle  and  are  in  quite  inti- 
mate connection  with  it.  According  to  Tomsa,  the  fixed 
point  of  the  arrector  muscles  is  the  hair  follicle,  while 
the  point  of  movement  is  the  pars  papillaris  of  the  cutis. 
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The  arrangement  of  the  involuntary  muscular  fibres  in 
many  places  in  the  derma,  as  in  the  cutis  of  the  forelicad, 
cheeks,  back,  is  in  the  form  of  a  network.  This  net 
originates  in  the  pars  papillaris  and  is  distributed 
throughout  the  upper  two-thirds  of  the  pars  reticularis. 
By  the  action  of  these  muscles  the  skin  is  kept  more  or 
less  in  a  condition  of  tension.  According  to  the  direction 
in  which  they  exert  their  action,  the  muscles  have  been 
divided  into  horizontal  and  oblique  tensors.  The  elastic 
bundles  and  fibres  connected  witli  the  muscles  play  here 
an  important  part,  inasmuch  as  Tomsa  has  shown  tliat 
they  stand  in  the  same  relationship  to  them  as  do  the 
tendons  to  the  voluntary  muscles,  and  serve  as  fixed 
points  from  which  the  contraction  of  the  cutis  tensors 
takes  place.  The  action  of  these  muscles  also  regulates 
to  a  great  extent  the  circulation  of  the  lymph  in  the 
cutis,  while  the  contraction  of  the  arrectores  elevates  the 
hair,  compresses  tlie  sebaceous  glands,  and  facilitates  the 
propulsion  of  their  secretion  into  the  hair  follicle. 

The  Pars  Papillaris  Cutis. — The  papillary  portion  of 
the  true  skin  is  constit\ited  by  a  series  of  small  eminences 
or  papilla,  whicli  spring  from  its  upper  or  free  surface. 
It  is  in  direct  contact  witli  the  epidermis,  which,  as  has 
already  been  described,  sends  down  prolongations  of  epi- 
thelial cells  between  the  papillae. 

The  papillae  of  the  skin  are  found  most  fully  developed 
on  the  palms  of  the  hands  and  on  the  soles  of  the  feet. 
They  are  arranged  here  in  long  double  rows,  which  form 
the  curvilinear  ridges  seen  in  these  situations.  Between 
tliese  rows  there  is  a  narrow  path  in  which  are  the  exter- 
nal orifices  of  the  sweat  ducts.  On  other  portions  of  the 
body  the  papilla;  are  arranged  more  or  less  in  groups  or 
in  short  rows,  and  the  surface  of  the  cutis  seems  to  be 
divided  into  rhomboidal  spaces  of  various  sizes  by  the 
deeper  penetration  of  the  iuterpapillary  prolongations  of 
the  epidermis.  The  long  diameters  of  these  spaces  agree 
with  the  line  of  cleavage  of  the  portion  of  the  skin  where 
they  are  situated,  and  their  shape  is  dependent  upon  the 
arrangement  of  the  connective-tissue  bundles  in  the 
reticular  portion  of  the  cutis. 

The  papilla3  are  more  or  less  conical  in  shape,  some- 
times single,  or  again  cleft  into  two  or  more  points, 
forming  a  compound  papilla.  They  differ  greatly  in 
shape,  size,  and  distribution  on  the  vai'ious  poilious  of 
the  body,  and  also  vary  according  to  the  age  of  the  per- 
son (Unna),  becoming  in  old  age  almost  fiat.  They  are 
very  numerous  on  the  penis,  the  nipple,  the  labia  minora, 
and  the  clitoris,  appearing  in  these  places  as  low  hills. 
The  largest  papilL-e  are  found  in  the  cutis  of  the  nipple 
and  of  the  corona  glandis.  Those  distributed  generally 
over  the  surface  of  the  body  are  very  small,  about  0.05 
mm.  In  height.  On  the  ends  of  the  fingers,  under  the 
free  borders  of  the  nail,  they  attain  a  size  of  0.5  mm. ; 
but  their  height  varies  in  general  between  0.05  mm.  and 
0.2  mm. 

The  papillary  portion  of  the  cutis  consists  of  a  closely 
woven  network  of  fibres,  which  are  derived  directly  from 
those  forming  the  pars  reticularis.  Tlie  papillae  are  very 
rich  in  elastic  fibres,  and  contain  blood-vessels,  lym- 
phatics, nerves,  and,  in  certain  situations,  tactile  corpus- 
cles. The  manner  in  which  the  papillary  body  and  the 
epidermis  are  joined  together  must  be  studied  on  speci- 
mens which  have  been  macerated,  and  from  which  the 
epidermis  has  been  removed  in  toto.  When  this  has  been 
done,  it  is  seen  that  the  entire  surface  of  a  papilla  has  a 
finely  ribbed  aspect.  On  sections  made  horizontally 
through  them,  they  look  as  though  their  contour  was 
toothed.  The  ribs  have  a  slightly  wavy  course  and  are 
at  times  arranged  in  a  concentric  manner,  having  much 
the  same  appearance  as  may  be  observed  on  the  palmar 
surfaces  of  the  ends  of  the  fingers.  These  ribs  on-  the 
papillae  have  been  found  to  correspond  to  minute  furrows 
on  the  cells  forming  the  basic  or  cylindrical  epithelial 
layer  of  the  epidermis  and  to  fit  into  them,  each  cell  re- 
quiring usually  three  or  four  ribs.  From  the  flbrillated 
.appearance  it  might  be  thought  that  these  ribs  were  con- 
nective-tissue fibres,  but  such  has  been  found  not  to  be 
the  case.     They  consist  in  reality  of  a  transparent  homo- 
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geneous  substance,  which  covers  thinly  the  surface  of 
the  papillae.  The  proof  that  it  is  a  distinct  membrane 
has  never  been  satisfactorily  made,  and  it  seems  better  to 
accept  Unna's  view,  that  it  stands  in  intimate  connection 
with  the  cementing  substance  of  the  cutis  in  general, 
since  it  has  been  found  that,  when  the  cutis  is  subjected 
to  the  action  of  trypsin,  this  homogeneous  substance 
covering  the  papillae  disappears  in  the  same  way  as  the 
cementing  substance  in  other  portions  of  the  derma. 

The  Subcutaneol's  Connective  Tissue  or  Fatty 
Layer. — It  was  mentioned,  in  speaking  of  the  embry- 
ological  origin  of  the  skin  as  a  whole,  that  the  subcuta- 
neous or  fatty  tissue  was  derived  from  the  mesoderm. 
It  is  that  portion  which  attains  its  full  development  the 
earliest  of  all  the  layers  of  the  skin,  and  in  which  the 
deposition  of  fat  between  the  fibres  constituting  it  takes 
place  very  early  in  foetal  life.  The  subcutaneous  connec- 
tive tissue,  or  panniculus  adiposus,  though  in  reality  the 
lower  portion  of  the  corium,  is  regarded  as  forming  the 
third  layer  of  the  skin,  and  it  is  characterized  by  the 
presence  of  a  greater  or  less  amount  of  fat  included  with- 
in its  meshes. 

It  is  composed  of  bundles  of  connective-tissue  fibres,  a 
network  of  elastic  fibres,  and  of  fat,  and  is  very  rich  in 
large  cells.  These  have  long  poles  and  are  situated 
either  in  or  between  the  fibre  bundles,  occurring  in  the 
form  of  spindle-shaped  cells.  According  to  Flemming, 
the  masses  of  fat  can  be  divided  into  three  classes,  each 
of  which  is  characterized  by  its  blood  supply ;  the  fat 
clusters  with  their  own  blood-vessels ;  the  strands  of  fat 
which  lie  around  the  large  vessels  and  receive  only  a 
meagre  supply  of  blood  from  capillaries;  and  the  fat  isl- 
ands which  have  no  blood  supply  of  their  own.  We 
have  to  thank  the  same  investigator  for  our  knowledge 
of  the  histology  of  fatty  tissue.  He  found  that  the  fat 
cells  were  derived  from  ordinary  branching  connective- 
tissue  cells.  They  took  up  fat  in  small  drops,  and  in 
proportion  as  the  fat  increased  in  quantity  the  proto- 
plasm 6f  the  cells  also  increased,  and  they  became  round 
in  shape.  The  protoplasm  containing  the  nucleus  is. 
forced  to  the  periphery  by  the  accumulation  of  fat,  and 
appears  as  a  membrane;  but  these  fat  cells  have  no  true 
enclosing  membranes,  except  when  they  are  old,  and 
when  tlie  protoplasm  has  become  thickened  into  a  mem- 
brane-like covering.  The  contents  of  the  cells  do  not 
consist  of  pure  fat,  but  of  a  mixture  of  fat  and  of  some 
product  from  the  protoplasm.  At  the  time  of  birth  the 
panniculus  adiposus  is  very  greatly  and  uniformly  de- 
veloped over  the  entire  body.  As  the  child  grows,  how- 
ever, it  diminishes  in  quantity  and  remains  of  consider- 
able extent  only  on  certain  portions.  Its  function  i* 
protection  to  the  underlying  tissues,  and  it  serves  to 
give  roundness  to  the  outline  of  the  body.  Those  por- 
tions of  the  body  which  are  firmly  bound  down  to  the 
fascia  by  short  bundles  of  fibres,  as  the  scalp,  the  skin 
of  the  palms  and  of  the  soles,  etc.,  possess  only  a  small 
fatty  layer.  Where  great  mobility  is  necessary,  as  in 
the  eyelids,  or  where  there  is  a  great  amount  of  muscular 
tissue,  as  in  the  scrotum,  the  panniculus  adiposus  is  also- 
absent.  Over  the  joints,  where  the  skin  lies  inclose  con- 
tact with  the  bones,  and  by  their  movements  is  contin- 
ually subjected  to  pressure  and  tension,  bursae  develop 
in  the  subcutaneous  tissue  after  birth.  In  this  layer  the- 
large  arterial  and  nerve  trunks  going  to  the  cutis  are 
found,  and  also  the  veins  and  lymphatics  which  come 
from  the  derma  and  unite  to  form  large  efEerent  branches. 
In  certain  localities  the  Pacinian  bodies  are  also  present. 

The  Glands  of  the  Skin. 

There  are  two  sets  of  glands  which  are  found  in  the 
skin,  the  sweat  glands  and  the  sebaceous  glands.  They 
differ  from  each  other  to  a  most  mai'ked  degree,  and  if 
considered  from  the  standpoint  of  their  relative  impor- 
tance the  former  claim  priority  and  more  extended  study. 
We  shall,  therefore,  begin  with  the  sweat  glands. 

The  Sweat  Glands. — Emh'yology.—The  primary  evi- 
dences of  the  development  of  these  glands  of  the"  skim 
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are  seen  in  tlie  fifth  month  of  fcetal  life.  Tliey  uppear 
first  on  the  palms  and  on  the  soles,  under  the  form  of 
rows  of  epithelial  prolongations  from  the  inferior  border 
of  the  epidermis  into  the  cutis.     At  this  stage  they  are 

solid,  club-shaped. 


StrJ. 


Fig  5228  -  section  of  the  Skin  (epidermis 
and  papillary  Uyer  ol  the  ci.  num)  of  the 
Sole  ol  the  Foot.  Specimen  hardened  In 
Mueller's  fluid  ;  staining  with  bcematoxy- 
lin  and  eosin.  Magnified  60  diameters. 
(After  Mraceli.)  S,  Oriflce  and  deeper 
tubular  portion  of  a  sweat  gland;  Str.cl., 
stratum  disjunctum;  Str.c,  stratum 
corneum;  Str.l.,  stratum  lucidum; 
Str.gr.,  stratum  granulosum;  Str.M., 
stratum  Malpighil;  Pi,  Pa,  papilte;  F, 
fold  of  the  epidermis  ;  L,  glandular  por- 
tion of  the  epidermis;  Str.p.,  stratum 
papillare;  BL,  capillary  loop  in  the 
papilla. 


and  surrounded  by 
a  homogeneous 
membrane.  Their 
further  develop- 
ment consists  in 
the  elongation  of 
these  epithelial  in- 
growths  down- 
ward, and  in  the 
formation,  by  the 
seventh  month,  of 
a  cavity  along  its 
axis,  which  is  later 
further  extended 
through  the  epi- 
dermis to  the  ex- 
ternal surface.  In 
the  mean  time,  the 
gland  tube  at  the 
end  in  the  cutis  has 
become  coiled  up, 
forming  a  ball,  and 
the  excretory  duct 
in  its  course 
through  the  skin  is 
twisted  upon  itself. 
The  development  of 
these  glands  is  very 
rapid,  and  by  the 
end  of  fretal  life 
they  have  already 
attained  their  full 
development.  In 
certain  situations, 
however,  they  en- 
large even  after 
birth,  and  in  their 
structure  differ 
somewhat  from  the 
ordinary  and  small- 
er ones  distributed 
generally  over  the 
body.  These  larger 
glands  are  found  in 
the  axilloe,  the  in- 
guinal regions, 
around  the  anus, 
the  nipple,  and  in 
the  auditory  canal 
(ceruminous 
glands). 

The  sweat  glands 
are  present  every- 
where in  the  integ- 
ument of  the  body, 
with  the  exception 
of  the  glans  penis, 
the  under  surface 
of  the  prepuce,  and 
the  vermilion  bor- 
der of  the  lip.  They 
are  small  bodies, 
consisting  of  a  con- 
voluted tube  and 
an  efferent  duct 
which  leads  to  the 
external     surface, 


and  they  are  situated  in  the  corium  or  even  in  the  sub- 
cutaneous connective  tissue.  They  vary  greatly  in  size. 
The  coils  of  the  large  ones  situated  m  the  a,.xilla  are 
from  1  mm.  to  2  mm.  in  diameter;  the  smaller  ones 
on  the  general  surface  are  from  0,2  mm  to  O.d  mm. 
They  are  most  numerous  on  the  palms  of  the  hands, 


Krause  estimating  that  there   were   twenty-eight  hun- 
dred orifices  in  a  square  inch  on  those  surfaces. 

The  sweat  glands,  as  a  whole,  are  composed  of  two 
distinct   portions,  a  secretory  and  an  excretory.     The 


Fig  522fl  —Two  Separite  Prrtlons  of  the  Secreting  Part  of  the  Coil  of 
a  Sweat  Gland,  from  the  Skin  of  the  Abdomen.  Magnified  250 
diameters.  (After  Mracek.)  D,  Gland  cells ;  i1X(),  membrana  pro- 
pria, seen  at  one  point  in  cross  section,  at  the  other  as  if  spread  out 
upon  a  flat  surface :  3/,  muscular  fibres  ;  F,  flat  cells  :  Bg.  connec- 
tive tissue.  The  specimen  was  hardened  in  alcohol  and  stained 
rapidly  with  orcein. 

former  is  represented  by  the  coils,  the  latter  by  the  duct 
which  leads  to  the  external  surface  of  the  skin.  The 
hi.stological  anatomy  of  the  smaller  glands  differs  some- 
what from  that  of  the  larger  ones,  and  will  be  considered 
first. 

Histological  Anatomy. — The  coils,  or  secretory  portions 
of  the  sweat  glands,  consist  of  a  single  layer  of  columnar 
epithelium,  arranged  around  a  rather  irregularly  shaped 
lumen.  The  cells  are  cloudy  throughout,  with  the  ex- 
ception of  a  narrow  por- 
tion along  their  free  mar- 
gin, which  is  clear.  They 
are  bounded  external!}'  hy 
a  layer  of  involuntary 
muscular  fibres,  which 
run  spirally  around  the 
mass  of  cells,  and  which 
are  so  arranged  that 
small  spaces  are  left  be- 
tween them.  The  secret- 
ing cells  send  out  proc- 
esses into  those  spaces, 
and  these  form  a  union 
with  the  limiting  mem- 
brane or  raembrana  pro- 
pria of  the  glands,  which 
is  composed  of  connec- 
tive tissue.  The  excre- 
tory portion  of  the  gland, 
or  duct,  consists  of  a 
connective-tissue  coat,  a 
structureless  membrane,  Fig.  SUn. 
and  bounding  its  lumen 
are  two  rows  of  epithelial 
cells,  the  free  margins  of 
which  are  covered  by  a 
cuticula.  There  are  no 
muscle  fibres  in  the  coats 
of  the  sweat  ducts.  These 
latter  begin  in  the  inner 

portion  of  the  coils,  and  rise  to  the  surface  in  an  oblique 
direction  having  a  more  or  less  spiral  course,  and  they 
always  reach  the  epidermis  at  an  interpapillary  prolon- 
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Terminal  Coll  of  a 
Sweat  Gland,  from  the  Skin  of  the 
Back  of  the  Foot.  Obtained  by 
Professor  SchafTer  as  a  separate 
and  complete  specimen  by  mac- 
eration in  diluted  nitric  acid. 
Magnified  8(1  diameters.  (After 
Mracek.)  £:,  Terminal  coil ;  Bg, 
enveloping  connective  tissue ;  A, 
outlet  of  the  gland. 
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gatioQ,  Tlie  duct  here  loses  its  membraua  externa, 
wliicli  goes  over  into  tlie  tissue  of  tlie  papilla,  and  also 
its  cuticula,  .so  that  the  lumen  is  bounded  for  a  short 
distance   in   the   stratum   spinosuni   by  the   spiny   cells 


Fig.  S231.— Portion  of  a  Sweat  Gland  from  the  Skin  of  tlie  Back  of  the  Foot.  MaBnifled  4f)0 
diameters.  (After  Ralil.)  8.  Secreting  portion  of  the  coil ;  D,  gland  cells ;  3/,  smooth 
muscle  fibres  ;  Mp,  meinhrana  propria  of  the  glandular  lube ;  A,  cross  sections  of  the 
outlet  portion  of  the  gland  ;  Cu,  cuticula  of  the  same ;  B(,  blood-vessel.  Specimen 
hardened  in  a  saturated  aqueous  solution  of  bichloride  of  mercury,  and  stained  with 
htematoxylin  and  eosin. 


alone.  The  cells  which  limit  the  lumen  in  its  course 
tbrougii  the  epidermis,  show  granules  of  keratohyalin 
very  early,  and  considerably  below  the  level  of  the 
stratum  granulosum;  and  it  can  further  be  seen  that 
all  the  layers  of  the  epidermis  became  interested  and  aid 
in  forming  the  boundaries  of  this  .spiral  canal  in  its 
course  to  the  external  surface.  The  views  which  are 
held  by  Unna,  in  regard  to  this  portion  of  the  duct,  have 
so  much  in  their  favor  as  to  claim  general  recognition. 
He  does  not  consider  tliat  the  spiral  portion  in  the  epider- 
mis lielongs  entirely  and  alone  to  tlie  duct  of  the  sweat 
gland,  of  which  it  seems  to  be  a  continuation,  but  thinks 
that  it  is  a  canal  whicli  is  also  in  connection  with  the  sys- 
tem wliicli  conveys 
the  juices  through- 
out tlie  epidermis. 
According  to  him, 
the  sweat  duct  ends 
iu  the  basic  layer 
of  the  sti'atum  s]ii- 
n  o  s  u  m  ,  and  li  c 
would,  consequent- 
ly, separate  tlie  two 
portions  very  sharj)- 
ly.  lie  very  right- 
ly points  out,  in 
support  of  this, 
tliat  we  have  no 
reason  for  conclud- 
ing that  the  fluid 
w  hi  c  h  passes 
through  it  comes 
enlirely  from  the 
same  source,  inas- 
much as  there  are 
no  grounds  for  as- 
serting that  the 
sweat  is  derived 
from  tlie  coils  alone. 
All  tliat  we  do 
external  surface  at 
the  openings  of  these  canals,  liut  more  than  that  has  not 
been  proved. 

The  histological  anatomy  of  the  larger  sweat  "lands, 
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Fig.  CaiS.— Model  of  a  flmupof  Sebaceous 
Glands  Surrounding  a  Hair  of  tlie  Scalp. 
(After  RabI,  from  K.  Bauer.)  IT,  Hair 
follicle:  T,  sebaceous  gland  ;  I'.T.,  tubular 
gland  ;  A  .1'.,  alveolar  gland. 


know  is,  that  it  appears  upon  the 


as  has  been  alread}'  mentioned,  differs  somewhat  from 
that  of  those  just  described.  The  differences  are  snowo 
both  in  the  coils  and  in  the  duct,  by  a  dilatation  and  a. 
narrowing  of  the  canal  in  places.  Where  the  lumen  is, 
larger  there  is  only  a  single  layer  of 
epithelial  cells;  but  in  the  narrower 
portions  there  are  several.  It  is  also 
claimed  that  muscle  fibres  are  present  in 
the  former  situations,  but  they  are  al- 
waj'S  ab.sent  from  the  latter. 

The  Sebaceous  Glands. — Embryol- 
ogy.— The  sebaceous  glands  of  the  skin 
make  their  appearance  from  the  begin- 
ning of  the  fourth  to  the  fifth  month  of 
pregnancy  (Gegenbauer).  Those  gland.?, 
which  open  directly  upon  the  external 
surface  of  the  skin,  are  formed  from  in- 
growths of  the  retc  Malpighii,  which 
jienetrate  into  the  cutis.  These  epithe- 
lial prolongations  are  at  first  solid,  but 
a  canal  soon  forms  in  them  by  the  fatty 
degeneration  of  the  central  cells.  In  its 
further  development  it  is  found  that,  by 
a  process  of  cell  proliferation,  solid  buds 
are  given  off  from  the  original  epithelial 
ingrowtlis,  canals  form  in  the  axes  of 
the.se,  and  the  gland.  Anally  consisting 
of  several  lobules,  has  become  racemose. 
The  origin  of  the  sebaceous  glands  at- 
tached to  the  hairs  is  the  same,  except 
that  the  epithelial  ingrowths  proceed 
from  the  external  root  sheath  of  the  hair. 
They  appear  very  soon  after  the  forma- 
tion of  the  hair  follicle  by  the  prolonga- 
tion of  the  rete  into  the  cutis. 

pistribution  and  ,Size. — The  sebaceous  glands  are  dis- 
tributed very  generally  over  the  bodv,  and  are  found 
everywhere  in  the  skin,  except  upon  the  palms  of  the 


I'lG.  1)3:?.— Cross  Section  of  a.  Hair  and  Neigliboring  Parts  at  the 
Levid  of  the  Sebaceous  (Hands.  The  specimen,  which  had  been 
taken  from  the  scalp  of  an  adult,  was  Urst  hardened  in  Mueller's 
fluid  and  then  stained  wilh  hieuiatoxvlin  and  eosin.  Magnified  50 
diameters.  (After  Uabl.)  7i,,  H.j,  B,.  Cross  sections  of  three 
hairs;  F^.SIf.,  a  column  of  epithehal  cells,  constituting  the  con- 
necting link  l)etweeii  those  which  surround  the  hair  bulbs  (belong- 
ing to  the  liairs  shown  in  the  picturei  and  tliose  Iving  above  the 
papilla  of  a  fc.urth  hair  ;  7',  sebaceous  glands  belonging  to  the  hairs 
shown  m  the  cut;  J.W.,  inner  root  sheath;  A.W.,  outer  root 
sheath  ;  An:,  arrector  pili ;  ijy,  connective  tissue;  S,  sweat  gland. 

hands,  the  soles  of  the  feet,  and  the  last  phalanges  of  the 
tiiigei-s  and  of  the  toes.  They  are  particularly  numerous 
upon  the  face  and  the  scalp,  where  thev  are  set  very 
closely  together.     On  the  rest  of  the  body "tliey  are  found 
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to  be  fewer  in  number  and  more  widely  separated      The 

glaiula  vary  very  greatly  in  size.     Of  tl.ose  connected 

witli  the  liairs,  tlie  smallest  are  the  ones  on  the  scalp   0  1 

mm.  to  0.16  mm.  in  diameter,  but  larger  ones  are  attaeliwl 

to  the  hairs  of  the  beard  and  axilla,  from 

0.16  mm.  to  0.24  nmi.  ;  but  the  largest 

.are  on  the  mons  veneris,  the  labia  nia- 

jora,  and  the  scrotum.     The  sebaceous 

glands  whicli  are  m  connection  with  the 

lanugo  hairs   are   from  0.25   mm.   to    1 

mm.   in   diameter.      Tlie  length   of    the 

glands  is  from  40  to  160 /i,  but  the  large 

ones  on  the  nose  measure  even  as  much 

as  1  mm. 

In  shape  there  is  also  considerable  vari- 
ation. The  simplest  ones  resemble  small 
pouches,  but  the  glands  are  usually 
found  to  be  racemose  or  acinous,  that 
is,  composed  of  several  lobules  which 
possess  one  duct  in  common. 

These  glandular  bodies  are  situated 
for  the  most  part  in  the  upper  portion 
of  the  corium,  above  the  level  of  the 
coils  of  the  sweat  glands.  Some  ex- 
tend, however,  through  almost  the  en- 
tire thickness  of  the  cutis. 

They  are  found  cither  directly  attached 
to  the  hair  follicles,  into  which  their 
ducts  open,  at  a  variable  distance  from 
the  orifice  on  the  cutaneous  surface,  and 
-empty  the  fatty  matter  secreted  by 
them;  or  the  external  opening  of  their 
ducts  is  situated  on  the  surface  of  the 
skin.  These  latter  are  the  glands  with 
which  the  lanugo  hairs  are  associated. 
Besides  these  two  forms,  there  are  others 
which  are  entirely  unconnected  with 
hairs,  and  which  also  open  directly  upon 
the  outer  surface  of  the  skin. 

The  sebaceous  glands  which  open  into 
the  cavity  of  the  hair  follicles  are  the 
most  numerous.  Thej'  are  seen  wher- 
ever fully  developed  hairs  exist,  as  on 
the  scalp,  the  beard,  etc.  There  is  sometimes  only  one 
gland,  but  more  often  there  are  two,  situated  on  opposite 
sides  of  the  follicles,  of  different  sizes,  and  at  differ- 
ent heights.  Their  excretory  ducts  are  short  and  pass 
obliquely  upward  to  enter  the  follicles,  the  larger  glands 
opening  more  superficiall_y,  the  smaller  ones  more  deeply, 
but  the  common  location  is  at  the  junction  of  the  upper 
and  middle  thirds. 

The  sebaceous  glands  which  are  associated  with  the 
lanugo  hairs,  and  which  open  directly  upon  the  external 
surface,  are  distributed  over  the  forehead,  cheeks,  sides 
of  the  nose,  and  areola  especially.  They  occur  also  more 
or  less  scattered  over  the  trunk,  the  extremities,  and  the 
genitals.  These  glands  are  the  largest,  and  also  the  most 
complicated  in  their  structure.  The  duct  is  usually 
broad,  and  its  oritice  dilated.  The  hair  attached  to  it  is 
really  an  appendage,  and  pa.sses  through  the  duct  to 
reach  the  outer  surface  of  the  skin.  It  has  no  follicle  of 
its  own,  except  at  its  deepest  portion. 

The  glands  which  are  in  no  way  associated  with  hairs, 
and  which  open  directly  upon  tlie  external  surface,  are 
certain  ones  situated  in  special  localities.  They  have 
received  distinguishing  names,  aud  are  known  as  the 
Meibomian  glands  in  the  eyelids,  and  the  glands  of  Tyson 
on  the  glans  penis  and  prepuce.  To  this  class  also  belong 
the  large  glands  of  the  labia  minora,  and  those  of  the 
vermilion  border  of  the  lip. 

Histological  Aiwitomy. —Aseha.ceo\is  gland  may  be  con- 
sidered to  be  composed  of  an  outer  wall  and  an  inner  mass 
of  cells.  The  wall  is  formed  of  connective  ti.ssue,  which 
is  derived  from  the  external  sheath  of  the  hair  follicles; 
but  in  those  glands  which  are  associated  with  the  rudi- 
imentary  or  lanugo  hairs,  and  in  those  unconnected  in  any 
way  with  hairs,  the  fibrous  envelope  is  obtained  from  the 
«orium.     The  wall  acts  as  a  support  (Morel)  for  a  base- 


ment or  membrana  propria,  which  l)ears  upon  its  inner 
snrfaee  a  layer  of  cylindrical  epithelial  cells,  aud  it  also 
contains  the  nerves,  ))l(.od-vessels,  and  lymphatics  sup- 
plied to  the  glands.     The  membrana  propria  is  exceed- 
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Fir,.  5234.— Section  of  the  Skin  of  the  Slioulder  of  a  Child.  Tlie  i5lood-vessels  have  been 
ooiiipletely  filled  with  gelatin  colored  with  carniiTie.  Jfagnifled  40  diameters.  (After 
Rabl.)  iL',  Epidermis;  P,  papillae;  Cu,  curium  ;  F,  subcutaneous  fat  tissue;  if,  shaft 
of  hair;  iT,  bulb  of  hair;  S,  coil  of  sweat  ^tand.  The  specimeu  therefore  .shows, 
besides  the  larfjer  trunks  of  blood-vessels,  the  capillaries  belonging  to  the  papillary 
layer,  the  sweat  glands,  parts  of  blood-vessels  that  supply  the  hairs  and  also  those 
vessels  which  belong  to  the  fat  tissue.  The  large  trunk  of  a  blood-vessel  seen  at  the 
lower  margin  of  the  picture  is  situated  in  the  horizontal  plane  of  connective  tissue 
which  serves  to  separate  the  subcutaneous  fat  tissue  into  two  superposed  layers,  fn 
the  picture  only  the  upper  half  of  the  panniculus  adiposus  is  visible. 


ingljr  thin  and  amorphous.  The  single  row  of  cells  which 
are  in  connection  with  it  is  a  continuation  of  the  basic 
layer  of  the  epidermis,  the  spiny  eel  Is  stopping  at  the  neck 
of  the  glands.  The  cavity  of  the  glands  is  filled  with  large 
oval  and  polyhedral  cells  having  laige  nuclei,  but  in  the 
central  portions  there  is  a  semifluid  homogeneous  mass, 
the  sebum.  The  source  of  the  .sebum  seen  in  the  seba- 
ceous glands  are  the  cells,  which  are  found  presenting 
all  stages  of  fatty  degeneration.  The  most  external  ones 
are  granular,  the  succeeding  ones  contain  small  drops  of 
fat,  which  graduallj^  increase  in  size  as  the  central  por- 
tion of  the  cavity  is  reached,  until  there  is  no  trace  of 
])rotoplasm  remaining,  the  cell  being  completelj'  tilled 
with  fat. 

The  Blood-vessels  of  tijk  Skik. — The  vessels  which 
supply  the  skin  with  blood  are  branches  from  the  larger 
arteries  which  lie  below  the  subcutaneous  fatty  tissue. 
They  pass  up  through  this  latter  aud  form  at  its  junction 
with  the  corium  a  more  or  less  horizontal  network. 
From  this  network  further  branches  are  given  off,  some 
to  supply  certain  portions  of  the  skin,  otiiers  to  ascend 
obliquely  and  perpendicularly  through  the  cutis,  having 
only  few  branches,  until  they  reach  the  subpapillary 
layer  of  the  corium.  Here  they  again  form  a  more  or 
less  horizontal  network,  which  also  gives  off  many 
branches. 

The  plexus  of  arteries  at  the  junction  of  the  cutis  and 
subcutaneous  tissue  is  very  rich.  It  supplies  the  papillae 
of  the  hair,  the  coils  of  the  sweat  glands,  and  also  sends 
off  branches  which  break  up  into  capillaries  in  the  pan- 
niculus adiposus.  The  subpapillary  network  of  arteries 
supplies  vessels  to  the  external  root  sheath  of  the  hair, 
the  sebaceous  glands,  the  unsti-iped  muscles,  and  the 
ducts  of  the  s'weat  glands.  In  addition,  this  plexus 
gives  oft'  branches  which  break  up  into  capillaries  just 
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below  tlie  papilla,  and  into  each  of  these  a  tortuous  arte- 
rial capillary  ascends  almost  to  its  upper  end,  where  it 
forms  a  loop  and  goes  over  into  a  venous  capiHarv. 
These  latter  unite  to  form  venules  in  the  same  plane  as 

5 


Fig.  5335.— Section  of  the  Skin  of  the  Palm  of  the  Hand.  The  cutting 
was  done  in  a  direction  parallel  to  the  ridges.  The  blood-vessels 
have  been  filled  with  frelatin  colored  by  carmine.  Map:nifled  5U 
diameters.  (After  Rabl.)  C,  Stratum  corneum  ;  L,  stratum  lu- 
cidum :  Gr,  stratum  granulosuin  ;  M,  stratum  Malpighii ;  P, 
papillae;  Cu,,corium:  f.  vein  at  the  lower  border  of  the  corium  ; 
S,  oriflce  of  a  sweat  gland.  Portions  of  the  cutaneous  plexus  of 
blood-vessels  and  of  the  capillaries  belonging  to  the  papillas  are  also 
shown  in  the  picture. 

the  arteries,  and  course  along  tlieni.  When  they  ariive 
at  the  subcutaneous  lawyer  tbcy,  together  witli  the  veins 
from  the  other  portions  of  the  cutis,  unite  to  form  large 
venous  trunks  in  the  same  plane  as  the  large  arteries. 
Between  the .  two  horizontal  plexuses  of  arteries  there 
__^  is  a  portion  of 


the  cutis  which 
has.  a  very 
poor  blood 
supplJ^  and 
here  even  the 
bundles  of 
fibres  which  go 
to  form  the 
pars  reticula- 
ris do  not  re- 
ceive any  ves- 
sels. 

There  ai'e 
considerable 
differences  in 
t  h  e  distribu- 
t  i  o  u  of  the 
lilood  -  vessels 
of  the  skin, 
and  in  the 
area  supplied 
by  any  one 
branch.  These 
areas  are  very 
small  on  the 
palms  of  the 
hands,  tiio 
soles  of  the 
feet,  and  the 
face;  also  at 
the  .sulcus  co- 
ronarius  and 
the  corona  glandis,  in  which  places  each  branch  from 
the  subpapillary  arterial  plexus,  when  it  breaks  up 
into  capillaries,  supplies  only  a  few  papillie.  The 
areas  which   are   furnished  with  bl(.>od   by  one  arterial 


^ 
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Fig.  ij;i36.— Meissner's  Tactile  forpuscle  in 
Papilla  of  the  Tip  of  the  Finger,  The  nerves 
have  been  stained  tiy  Fischer's  gold  metliod. 
(After  Rabl,  from  Rufflnl.)  An  afTerent 
medullated  nerve  llbre  enters  the  corpuscle 
from  below  and  subdivides  into  a  numlicr  of 
non-medullated  varicose  flhriihe  whii'h  traverse 
the  corpuscle  chiefly  In  a  horizontal  direction. 


branch  are  much  larger  in  the  greater  part  of  the  skin — 
the  vessels  breaking  up  into  a  number  of  capillaries^ 


A'Sd. 
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Fig.  5237.— Papilla  from  the  Skin  of  the  Tip  of  the  Finger,  showlnjf 
Capillary  Blood-vessels  and  Numerous  Nerve  Flbrillae.  Gold 
preparation.  (From  Rabl,  after  Rufflnl.  i  A".  Nerve  trunk  ;  C.Sch., 
capillary  loop ;  N.Sch.,  nerve  filaments  surrounding  the  capillaries. 
(Greatly  enlarged,) 

and  it  is  in  general  observed  that  thev  are  more  exten- 
sive on  the  extensor  than  on  the  flexor  surfaces  of  the 
extremities. 

Peculiar  cir- 
culator}'  con- 
ditions  are 
found  in  cer- 
tain portions 
of  the  skin. 
On  the  ear,  the 
alEe  nasi,  and 
in  the  region 
of  the  lips, 
large  lacunte 
are  seen  into 
which  the  ve- 
nous capilla- 
r  i  e  s  empty 
from  above, 
while  from  be- 
low the  ven- 
ules are  n'iven 
off.  On"  the 
ends  of  the  fin- 
gers there  is 
likewise  a  s]>e- 
cial  arrange- 
ment of  tile 
vessels.  It  has 
b e  en  f  o  u  n  d 
tliat  here  some 
brancliesof  the 
digital  arteries 
emptied  d  i  - 

rectly  into  the  large  veins  of  the  bed  of  the  nails,  with- 
out thei-e  being  any  intervening  capillaries.  Also  it  is 
observed  that,  after  the  vessels  for  the  panniculus  adi- 
posus  and  sweat  glands  htid  been  given  off,  but  before 
the  upper  horizontal  plexus  for  the  supply  of  the  papilla} 


Fig.  BSi'i.- Meissner's  Tactile  Corpuscle  from  the 
Skin  of  the  Tip  of  an  Adult  Finger.  Specimen 
hardened  In  alcohol  and  stained  by  means 
of  hiematoxylin  and  picrofuchsin.  (After 
Rabl.)  MK,  Melssner's  tactile  corpuscle;  iV., 
afferent  nerve  llbre;  P,  papilla;  Str.M, 
stratum  Malpighii ;  Bg.,  connective  tissue  of 
the  body  of  the  papilla ;  Bl,  blood-vessel. 
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Fig.  52:».— Papilla  of  the  Skin  of  the  Flnffer 
Staining  by  Fischer's?  gold  method.  (After 
Rabl,  from  Rufflni.)  The  papilla  contains,  at 
Its  extremity,  a  Melssner's  tactile  corpuscle 
iMK.);  farther  down,  a  capillary  loop  (C),  and 
OQ  the  left  three  Independent,  fascicular  ter- 
minal plexuses  of  nerve  tlbrillse  (B);  _E,  small 
terminal  knobs  of  the  nerve  flbrilte. 


had  been  formed,   small  arterial   branches  divided  and 
broke  up  mto  many  small  coils.     In  the  inner  portion  of 

t  h  e  s  c  t  li  e  y 
emptied  di- 
rectly into  ven- 
ules. 

The     lumen 
of  the  arteries 
of   the  skin  is 
narrow,   but 
that   of    the 
veins  is    large 
a  n  d     wide. 
Their  coats 
are   slightly 
marked  in  the 
cutis,  and  they 
show  only  near 
the     subcuta- 
neous  connec- 
tive  tissue   an 
adventitia  and 
a  media.     But 
even     there 
these  are  poor- 
ly   developed. 
All  the  vessels 
of    the    papil- 
lary    layer    of 
the  corium  are 
capillary  in 
character,  that 
is,  simple    en- 
d  o  t  h  e  1  i  a  1 
tubes. 
The  Lym- 
PH,4.Tics.— There  are  in  the  integument  of  the  body  two 
forms  of  channels  which   contain  the  lymphatic  fluid, 
and   through    which   it  flows,   viz.i 
the^  lymphatic  ves,sels   proper,  those 
which  possess  an  endothelial  lining, 
and  the  numerous  spaces  which  oc- 
cur between  the  elements  conip(}sing 
the  various  layers  of  the  skin. 

In  regard  to  the  latter,  it  has  been 
proved   that   they  are  the   oiigin  of 
the  lymphatic  system  of  the  skin,  by 
the  successful  injection  of  the  inter- 
cellular  spaces  in   the  spiny  laj'er  of 
the  rete  iMalpighii  from  the  lymjilia- 
tics  of  the  subcutaneous  connective 
tissue   (Ketzius,   A.xel   Key,  et  alii). 
Other    13'mph   spaces   exist   between 
the   membrana   piopria   and   the  se- 
ci-eting  cells  of  the  coils  of  the  sweat 
glands,   and    between    the   epithelial 
0011.=;  of  the  sweat  ducts.     The  inter- 
cellular  spaces  in   the   stratum   spi- 
nosum  of  the  liair  follicles  and  in  the 
sebaceous  glands  are   also  points  of 
origin  for  the  lymphatics.     The  bun- 
dles of  unstriped   nuiscle  fibres  and 
the  coils  of  the  sweat  glands  and  the 
bundles   of   connective  -  tissue   fibres 
forming   the   cutis  are   sheathed   by 
13'mph    spaces,   as   are   also   the   fat 
clusters.     According   to  Klein,   very 
fine  channels  proceeding  from  these 
Ij'mph    sheaths    penetrate    into    the 
latter   and   ramify  betweeen   all  the 
fat  cells  of  which  they  are  composed. 
The   papilla;  are   also   extensively 
traversed  by   lymph    spaces,    which 
empty    into    the    lymphatic    ves.sels 
proper.     These  vessels  are  lined  with 
endothelium,  and  begin  in  the  upper  third  of  the  papilla 
(the  Hoggans)  by  means  of  a  cul-de-sac.     They  course 
downward  in  the  form  of  a  plexus  through  the  cutis, 


Skin  and  Its  Ap~ 
pendages. 


Fig.  5340.— Krause's 
Terminal  Bulb  from 
the  Palpebral  Con- 
junctiva. Nerves 
stiiiued  by  means  of 
methylene  blue. 
(After  Eabl,  from 
Dogiel.)  M,  Affer- 
ent medullated 
nerve  fibre :  JV.  one 
of  the  non-medul- 
lated  nerve  flbrillce 
resulting  from  the 
subdivision  of  the 
flbre  M;  E.  ter- 
minal coil ;  Bg,  con- 
nective -  tissue  cap- 
sule. 


and  at  its  junction  with  the  .subcutaneous  connective' 
tissue  unite  to  form  a  few  large  vessels,  which,  accord- 
ing to  Hemmg,  have  a  muscular  coat 

The  Nerves  op  the  SKiN.-The  nerves  which  are 
supplied  to  the  skm  are  derived  from  branches  of  the 
cerebro-spinal  system.  They  pass  up  through  the  sub- 
cutaneous connective  tissue,  in  the  same  manner  as  the 
blood-vessels,  from  the  larger  trunks  situated  below 
In  the  upper  part  of  tlie  panniculus  adiposus  the  course 
ot  the  nerves  is  a  horizontal  one,  and  they  give  off  a 
large  number  of  small  branches  for  its  "innervation 
J  hey  penetrate  the  cutis  together  with  the  arterial  ves- 
sels, and  accompany  them  more  or  less  in  their  distri- 
bution. _  In  their  course  they  give  off  branches  to  supply 
the  various  constituent  portions  of  the  cutis  Tho.se 
which  supply  the  hair  follicles  pass  to  them  in  the  neigh- 
borhood of  the  sebaceous  glands,  to  which  fibres  are 
sent.  They  penetrate  the  hair  sheath  and  are  distributed 
between  the  cells  of  the  root  sheaths.  The  sweat  glands, 
t/ 


Fig.  5341.— Pacinian  Corpuscle  from  an  Amputated  Font.  MagniDed 
71)  diameters.  (After  Rabl,  from  Henle  and  KOlUkpr.)  M, 
Medullated  nerve  fibre;  JV,  non-medullated  nerve  flbre  within  the 
inner  club-shaped  sheath,  J ;  L,  lamellae  of  the  outer  bulb-shaped 
envelope  ;  A",  nuclei  of  the  connective-tissue  cells  ;  1',  spot  where 
two  contiguous  lamelliE  unite,  the  lines  of  union  forming  an  acute 
angle ;  Q,  spot  where  the  line  of  union  runs  transversely  ;  Bg,  con- 
nective tissue  outside  the  corpuscle. 

and  their  ducts  are  also  furnished  with  nerves.  Unna 
claims  to  have  seen  nerve  endings  between  the  secretory 
epithelial  cells  of  the  coils. 

When  the  nerves  arrive  at  the  upper  portion  of  the 
cutis  they  take  a  horizontal  course  and  form  a  rich  plex- 
us just  below  the  epidermis,  which  gives  off  a  great 
number  of  branches.  These  break  up  into  fine  fibrilhe, 
and  are  distributed  in  every  direction.  These  fibrills 
terminate  either  in  the  endothelium  of  the  papillary 
blood-vessels,  or  free  in  the  connective  ti.ssue  of  the  pap- 
illary body,  or  penetrate  into  the  interepithelial  spaces 
of  the  stratum  spinosum.  Longer  branches  from  this 
plexus  ascend  into  the  papilla\  and  in  certain  portions  of 
the  integument  end  in  the  tactile  corpuscles. 

The  nerve  fibres  which,  it  is  claimed,  have  been  traced 
between  the  cells  of  the  epidermis  are  non-medullatcd. 
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They  are  said  to  be  distributed  generallj'  tliroughout  tbe 
rate  Malpighii,  as  far  upas  the  stratum  granulosum,  and 
to  end  in  "tbe  intercellular  spaces,  either  tapering  to  a 


iFiG.  52'12.— Transverse  Section  o(  a  Pacinian  Corpuscle,  from  the 
Skin  in  the  Neighborhood  of  the  Anus.  Specimen  hardened  in  a 
solution  ot  plcrin  and  biclilorlde  of  mercury  and  stained  with 
haematoxylin  and  eosin.  Mafrnifled  200  diameters.  (After  Rabl.) 
A^  Axis  cylinder  lying  in  a  narrow,  circular,  perfectly  clear  space, 
the  inner  club-shaped  sheath  ;  L,  lamelte  of  the  outer  capsule  or 
envelope:  C,  capillaries;  F,  tat  cells. 

point  or  with  a  small  rounded  extremit)'.  Unna  claimed 
that  they  terminated  in  small  discs  upon  the  cells,  but  bis 
view  has  not  received  recognition. 

Besides  tlie  above-mentioned  ways  in  which  tbe  nerves 
end  in  the  skin,  there  are  special  forms  of  termination. 
These  ai-e  repiesented  by  the  tactile  corpuscles,  the  tac- 
tile discs  of  Ranvier,  the  Pacinian  bodies,  and  tbe  end 
bulbs  of  Krause. 

Tactile  Corpuscles. — The  tactile  corpuscles  are  very 
small,  oblong  bodies  from  40  to  200/;  in  length,  and  from 
30  to  60/1  in  breadth.  They  are  situated  in  tlie  upper 
portion  of  a  broad  papilla,  and  are  found  especially  on 
the  fingers  and  toes,  and  in  the  palm  of  the  band.  They 
have  a  distinctly  striated  appearance,  and  are  directly 
connected  with  one  or  two  niedullated  nerve  fibres  which 
wind  around  t)ie  corpuscle,  and,  on  enteriug  it,  lose  their 
medullai-y  sheath,  tlie  perineurium  becoming  continuous 
with  tlie  capsule  of  the  corpuscle.  Tlie  nerves  split  up 
into  branches,  which  end  in  tlatlened  knobs  between  tlie 
connective-tissue  cells  of  which  tbe  corpuscle  is  com- 
posed. They  often  consist  of  two  or  three  sections  lying 
close  together,  each  one  being  supplied  witlt  a  nerve". 

Mamier's  Tactile  i'j.w.f.— Tliese  discs  are  small  cup- 
shaped  bodies,  tlie  concave  side  of  which  is  always 
directed  toward  tbe  free  surface  of  tlie  epidertnis.  At 
several  points  on  the  convexity  of  the  disc  tbe  termina- 
tion of  a  non-niedullated  nerve  fibre  is  seen.  Ranvier 
claims  that  this  nerve  ends  only  on  tlie  sm-face  of  these 
discs,  but  according  to  others  this  lakes  place  in  the  cell 
between  tbe  nucleus  and  the  external  membrane.  This 
form  ot  nerve  ending  has  been  fomul  in  the  deeper  por- 
tions of  tlie  epidermis,  near  the  sweat  duct,  and  in  tlie 
corium  just  below  the  rete. 

The  Pacinian  7?w?(>s.— The  Pacinian  bodies  were  first 
thoroughly  described  i>y  Pacinius,  though  tbey  bad 
already  been  mentioned  by  Vater  over  a  hundred  years 
ago.  They  are  small,  oval,  transpai-ent  bodies  from  2  to 
3  mm.  long  and  1  to  2  mm.  broad,  and  are  situated  in  the 
subcutaneous  connective  tissue,  almost  exclusively  upon 
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the  branches  of  tbe  nerves  which  supply  the  skin  of  the 
palms  of  the  bands  and  of  the  soles  of  the  feet,  but  also 
upon  the  dorsal  nerve  of  the  penis  and  of  the  clitoris. 
They  are  likewise  found  in  other  places,  as  around  the 
joints,  wliere  they  are  deeply  situated,  and  also  in  the 
mesentery,  etc.  The  major  part  of  the  Pacinian  body  is 
formed  by  the  capsule.  This  capsule  is  deiived  from 
the  perineurium  of  tbe  nerve,  which  ends  in  the  corpus- 
cle, and  is  in  reality  composed  of  a  large  number  of  con- 
centrically arranged  lamina;,  which  are  separated  one 
from  the  other  by  a  layer  of  flat  endothelial  cells.  Be- 
tween any  two  of  these  there  is  a  mcjre  or  less  large  quan- 
tity of  an  albuminous  fluid,  and  connective-tissue  fibres 
forming  septa  are  also  seen.  This  laminated  and  concen- 
trically arranged  capsule  surrounds  a  narrow  cylindrical 
space,  which  contains  a  granular  substance  in  which  a 
few  cells  are  seen,  and  the  tennination  of  the  nerve  fibre. 
At  its  entrance  into  the  cavity  of  the  Pacinian  body,  the 
nerve  loses  its  medullated  character  and  the  axiscj'iinder 
alone  passes  in.  It  appears  as  a  pale,  finely  granular, 
narrow  band,  which  ends  in  a  single  small  knob  or  in  a 
.series  of  them.  The  nerve  has  also  been  observed  to  pa.ss 
entiiely  through  one  of  these  bodies  and  end  in  anotlier. 
A  small  artery  penetrates  the  capsule  of  the  Pacinian 
bodies  along  with  the  nerve,  and  forms  a  capillary  plex- 
us between  the  peripheral  lamiuoe. 

End  Bulbs  of  Krause. — The  end  bulbs  of  Krause  are 
mintite  oval  or  cylindiical  bodies,  wiiich  aie  regarded  as 
being  more  or  less  related  to  the  tactile  corpuscles.  Tliey 
consist  of  a  connective-tissue  capsule  containing  a  large 
number  of  cells  whicli  form  a  core.  Between  tfiese,  one 
or  more  nerve  fibres  end.  Tiiey  are  found  in  the  con- 
junctiva and  tbe  mucous 
memliranes  of  the  mouth, 
the  glans  penis,  clitoris,  and 
vagina,  where  they  are 
termed  genital  corpuscles. 
The  capstile  of  these  end 
bulbs  is  derived  from  the 
perineurium,  luit  the  nature 
of  the  core  which  it  contains 
is  still  a  mooted  point.  Tbe 
axis  cylinder  alone  penetrates 
into  this  core,  having  lost  its 
medulla,  and  it  ends  in  the 
upper  portions  either  free  or 
as  a  small  button-like  pro- 
tuberance. 


Thp: 


Appendages  of  the 
Skin. 


The  Nails. — Embryology. 
— Tlie  first  steps  in  the  de- 
velopment of  tbe  nails  occur 
in  the  third  month  of  foetal 
life,  and  consist  in  the  mark- 
ing out  of  tbe  nail  bed  and 
furrow.  This  is  covered  by 
the  ordinary  stratum  cor- 
neum  of  that  period  of  life, 
and  it  represents  tbe  cpo- 
nychium  of  Unna.  Under- 
neath the  eponychium  the 
embryonic  nail  remains  up 
to  tbe  fifth  month.  Accord- 
ing to  K511iker,  there  ap- 
IX'ars  in  the  fourth  montii, 
between  the  eponycliium  and 
the  stratum  mucosum,  a  lay- 
er of  large,  ptile  -  colored, 
liorny  plates,  which  cover 
the  bed  of  the   nail  and   re- 


FiG.  52t:i.— Hair  from  the  Lip 
ot  a  Human  Embryo  19. .5  cm. 
long.  (After  Rabl,  from  G. 
Retzlus.)  N,  Afferent  nerve 
fibre,  which  first  gives  off  a 
small  forked  brancit  in  an  up- 
ward direction,  and  then  sub- 
divides into  a  ring-like  plexus 
(i?)  completely  surrounding 
the  outer  sheath  ot  the  hair 
root  which  at  this  point  is 
somewhat  thickened.  This 
plexus  consists  of  a  few  nearly 
horizontal  tlbrilloB  between 
which  run  numerous  vertical 
ones;   I>r,  sebaceous  gland. 


]iresent     its    primary    form. 

Tbe  nail  in  its  further  growth  increases  in  thickness 
(juite  rapidly,  possesses  a  free  border  by  the  sixth  month, 
and  by  the  seventh  month  is  fully  form"ed.  KOUiker  also 
claims  that  the  development  of  the  nail  takes  place  from 
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the  entire  nail  bed,   but  Tnna  insists   tliat   lie  has  (jh- 
served  the  foi-mation  of  a  germinal  spot  ii}  the  matrix 
from  wliich  the  embryonic  nail  grows  and  pushes  itself 
forward  beneath  the  eponycliium. 

General  Characterutics. — The  nails  of   human  beings 
are  clastic  structures  of  a  horny  texture  situated   upon 


Fig.  5244.— Longitudinal  Section  of  tlie  Bed  of  the  Nail,  witli  tlie  Posterior  End  of  ttie  Hoot  of 
the  Nail.  The  entire  specimen  was  dissected  free  from  tlie  bone  (last  joint  of  toe.)  Alcohol 
was  used  for  hardening  the  tissues  and  hematoxylin  and  plcrofuchsln  tor  coloring  them. 
MagniOed  80  diameters.  (After  Eahl.)  AMI'.,  Wall  of  the  nail;  Ep,  eponychium  ;  Str.yr.. 
stratum  granulosum ;  Str.c,  stratum  corneum,  colored  a  reddish-yellow  by  means  of  plcro- 
fuchsln ;  N,  nail,  colored  yellow  ;  M,  matrix  of  the  nail ;  P,  papilla ;  V,  vein  of  the  corlum 
beneath  the  matrix. 


the  dorsum  of  tlie  last  phalanges  of  the  fingers  and  of  the 
toes.  Each  one  is  convex  upon  its  external  surface,  con- 
cave upon  its  internal  and  moulded  upon  the  cutis,  to 
which  it  is  firmly  adherent.  The  exposed  portion  of  the 
nail  is  called  its  body ;  the  anterior  extremity,  the  free 
edge ;  the  semilunar  portion  po-steriorly,  which  is  of  a 
white  opaque  color,  the  lunula.  The  portion  of  the  cutis 
upon  which  the  nail  is  situated  is  the  nail  bed.  It  is 
bounded  laterally  by  two  rolls  of  the  skin,  which  are 
linowii  as  the  walls  of  the  nail.  Around  the  nail  bed 
is  a  groove  which  i.s  covered  by  the  nail  wall,  and  in 
this  lie  the  lateral  edges  of  the  nail,  while  the  posterior 
portion,  the  nail  root,  is  implanted  in  a  similar  though 
much  deeper  groove;  this  latter  represents  the  matrix, 
and  it  is  fronr  here  that  the  growth  of  the  nail  takes 
place. 

liistoloriical  Ann tonu/.— TIM  bed  of  the  nail  consists  of 
the  corium  and  the  stratum  mucosum.  The  connective- 
tissue  bundles  of  the  cutis  run  here  partly  longitudinally 
and  parallel  to  the  axis  of  the  fingers,  partly  in  a  perpen- 
dicular direction  fiom  the  periosteum  to  the  external 
surface.  The  epithelium  covering  the  corium  is  com- 
posed of  cells  identical  with  those  in  the  stratum  muco- 
sum of  the  epidermis,  and  is  sharply  defined  from  the 
nail,  except  at  the  matrix. 

The  corium  at  the  matrix  of  the  nail  shows  a  well- 
developed  papillary  body,  and  is  very  vascular,  each 
papilla  receiving  a  blood-vessel.  In  front  of  this  and 
beneath  the  lunula  the  papillaj  are  very  small,  and  still 
more  so  anteriorly:  the  cutis  forming  the  nail  bed  has  no 
papilU-e  but  fine"  longitudinal  ridges,  in  which  run  the 
blood-vessels,  wdiich  give  oft  capillary  branches  at  regu- 
lar intervals.  These  ridges  of  the  corium  are  covered  by 
the  epithelial  cells  of  the  stratum  mucosum,  which  also 
dips  down  between  them. 

Tlie  nail  itself  consists  of  horny  lamellffi,  which  are 
closely  bound  together,  and  which  are  composed  of  cells 
similar  to  those  of  the  epidermis,  except  that  they  con- 
tain nuclei. 

In  the  formation  of  the  nail  the  matrix  plays  the  im- 


portant part,  and  it  is  from  this  jiortion  that  rcgeni'ration 
ot  the  nail  is  continually  going  on. 

The  ll\\ns.—Einhryulvgy.—1\i<i  first  steps  in  the  de- 
velopment of  the  hairs  occur  at  the  end  of  the  third  or 
the  beginning  of  the  fourth  month  of  fietal  life.  They 
are  shown  by  the  formation  of  small,  solid  prolongations  of 
the  rete  Maliiighii,  penetrating  into 
the  cutis  and  increasing  in  length 
by  the  proliferation  of  the  cells  com- 
posing them.  Arriving  in  the  deeper 
portion  of  the  cutis,  the  lower  end 
of  the  prcilongations  is  very  soon  sur- 
rounded by  an  aggregation  of  round 
and  spindle  cells,  which  partly  form 
the  papilla  of  the  hair  and  partly 
grow  around  the  epithelial  ingrowth 
in  order  to  form  the  sheath  of  the 
hair  follicle  (Unnu).  During  this 
time  changes  also  take  place  in  the 
epithelial  column.  In  its  inner  por- 
tion a  conical-shaped  mass  of  cells, 
with  its  apex  directed  externally, 
becomes  differentiated  from  the  re- 
mainder, and  this  represents  the 
primitive  hair  body.  From  it  the 
hair  and  its  inner  root  sheath  are 
formed.  The  primitive  hair  body 
liaviug  grown  around  the  newly 
formed  papilla,  it  increases  in 
length  upward  and  keratofieation 
begins  and  proceeds  from  above- 
downward.  The  external  root 
sheath  is  constituted  by  the  por- 
tions of  the  epithelial  ingrowth  of 
the  rete  Malpighii  which  remain 
after  the  differentiation  of  the  prim- 
itive hair  body  and  surround  the 
entire  hair. 

From  the  sixth  to  the  eighth  mouth  of  life  the  foetus 
has  become  covered  witli  hair,  which,  however,  falls  out 


Fio.  .")24.5.— Cross  Section  ot  the  Basal  Portion  of  the  Nail  of  an  Adult. 
Specimen  liardened  In  Mueller's  fluid  and  stained  with  hema- 
toxylin and  eiisin.  Masnitled  2.5  diameters.  (After  Rahl.j  i. 
Epidermis  of  the  wall  of  the  nail  (A'lc.);  Ep,  eponychiuin ;  iV, 
nail ;  M,  matrix  ot  the  nail ;  L.  longitudinal  border  of  the  mainx  ; 
Nh.,  bed  of  the  hail ;  P,  periosteum  ;  K,  bone  ;  Km.,  bone  man-ow, 

and  is  replaced  by  new  hair.     This  regeneration  of  the 
hair  on  the  fcetus  is  continuous  as  in  adults,  but  the 
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rapidity  of  the  change  ceases  a  few  weeks  after  birth. 
The  embrj'onic  or  lanugo  hairs,  whieli  liave  a  much 
shorter  lengtli  of  life  than  those  which  grow  after  birth, 
give  place  to  more  permanent  ones,  and  on  certain  por- 


AS. 


Fig.  5246.  -Lonirttudinal  SPrtion  of  a  Papilla,  a  Hair  Bulb,  and  the 
Lowest  Part,  ol  the  Shalt  of  the  Hair  with  its  Sheaths,  from  the  Scalp 
of  an  Adult.  .Mapnlfled  300  diameters.  (After  Rabl.)  Pp.,  Papilla ; 
P.H..  neck  of  the  papilla ;  Bl.,  blood-vessel ;  M.  cells  of  the 
medulla  of  the  hair;  R.  cortical  cells:  MM..  matri.K  cells  of  the 
medulla;  MR.,  inatri.x  cells  of  the  cortex;  T/i.,  cells  undergoing 
karyoklnesls ;  P,  pigment;  Cj3.  membranous  enveloiie  of  the  hair; 
Cv.,  membranous  envelope  of  the  root  sheath  ;  Hi(,  Huxley's  layer; 
He,  Henle's  layer ;  W,  outer  root  sheath  ;  I},  vitreous  membrane ; 
J,  Innermost  layers  of  the  connective-tissue  hair  follicle  Ojg  Hli.\ ; 
if,  kollastln. 

tions  of  the  body  acquire  a  much  greater  development 
than  they  do  on  others.  The  new'iiairs  originate  from 
the  epithelium  forming  the  external  root  slieath  of  the 
lanugo  hairs,  which  sends  out  solid  buds  from  which  the 
hair  develops  in  exactly  the  same  way  as  has  just  been 
described,  and  grows  up  alongside  of  the  embryonic  hair 
to  the  external  opening  of  the  follicle.  The  old  hair  has, 
in  the  mean  time,  been  .separated  from  the  papilla  and 
become  completely  horny,  owing  to  its  lo.ss  of  nourish- 
ment, and,  being  pushed  upward  by  the  ncw-f(]rmed  hair, 
falls  out  wdien  tlie  external  surface  is  reached.  In  this 
way  the  temporary  haii-s  are  rejilaced  by  the  permanent 
ones,  and  an  entirely  similar  procedure  is  furthermore 
constantly  seen  repeating  itself,  even  in  adults. 

General  C/iamcteristic.^. —The  haii-s,  which  are  modifi- 
cations of  the  epidermis,  are  found  in  greater  or  less 
amount  over  the  entire  body,  with  the  exception  of  the 
palms  of  the  hands,  the  soles  of  the  feet,  the  vermilion 
border  of  the  lips,  the  glans  penis,  the  labia  minora,  and 
inner  surface  of  the  lahia  majora.  Over  the  majority  of 
the  surface  they  are  short,  rather  colorless,  having" the 
character  of  the  embryonic  haira,  and  hence  are  termed 


the  lanugo  hairs;  but  on  the  head,  the  eyebrows  and  the 
eyelids,  in  the  axillae,  on  the  pubes,  and  in  the  male  sex 
on  the  cheek  and  upper  lip,  they  attain  a  much  higher 
grade  of  development. 

The  hairs  which  are  present  upon  the  scalp,  eyebrows, 
and  eyelids  become  gradually  more  marked,  thicker,  and 
longer  after  birth,  but  at  the  age  of  puberty  tlie  hairs  on 
the  pubes  and  in  the  axilla,  and  the  beard  in  the  male, 
begin  to  develop  and  to  increase  rapidly.  Hair  also  is 
found  around  the  anus  in  the  male.  It  is  not  unusual  to 
see,  in  certain  races,  that  in  women,  as  they  approach 
and  pass  the  climacteric,  a  stronger  growth  of  hair  ap- 
pears on  the  upper  lip  and  face 

The  hairs,  both  the  lanugo  and  the  fully  developed 
ones,  are  for  the  most  part  placed  obliquely  in  the  skin 
and  are  situated  in  follicles  termed  the  hair  follicles. 
These  latter  are  sometimes  short,  the  papilla  lying  high 
up,  or,  again,  of  considerable  length,  and  deep  down  in 
the  subcutaneous  connective  tissue.  The  portion  of  the 
hair  situated  in  the  follicle  is  the  root,  that  above  the 
level  of  the  skin,  the  shaft.  At  the  lower  extremity  of 
the  root  there  is  a  whitish,  soft,  bulbous  enlai-gem'ent, 
the  hair  bvdb,  which  has  a  concave  end  that  fits  upon  the 
conical  vascular  eminence  already  mentioned  as  being  the 
hair  papilla. 

The  hair  follicle  itself  may  be  divided  into  three  parts, 
according  to  its  form.  From  its  upper  extremity,  where 
it  opens  out  upon  the  surface  of  the  skin,  it  descends, 
shaped  like  a  funnel,  as  far  down  as  the  opening  of  the 
duct  of  the  sebaceous  gland.  It  then  becomes  narrowed 
for  a  short  distance,  but  broadens  again  near  the  papilla 
to  receive  the  hair  bulb. 

The  hair  shaft  varies  considerably  in  shape,  being  in 
some  cases  round,  in  others  much  flattened,  or  again 
angular. 

<)n  cross  section  the  hairs  are  either  round,  or  oval,  or 
triangular,  or  square,  having  convex  or  concave  sides. 
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Fio.  5247.— Hair  of  an  Adult  at  its  Point  of  Emergence  from  the  Scalp. 
Specimen  hardened  In  Slueller's  fluid  and  stained  with  hsema- 
toxylln  and  eosin.  Magnifled  .50  diameters.  (After  Rabl.)  H, 
Shaft  of  hair;  J. IT'.,  inner  sheath  of  root  of  hair;  ^.Tr.,  outer 
sheath  of  root;  T.  sebaceous  gland  ;  M,  outlet  of  this  gland ;  Arr., 
arrector  pill ;  Str.c,  stratum  corneum  ;  Str.M.,  stratum  Malpighii ; 
Str.p.,  stratum  papillare  corli ;  S,  sweat  gland. 

The  angular  and  flattened  hairs  are  found  in  those  locali- 
ties where  the  hair  is  curly,  the  round  ones  where  it  is 
straight. 
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At  its  free  external  end  the  hair  is  pointed  wlien  in  its 
natural  state,  but  owing  to  the  fact  that  it  is  continually 
subjected  to  mechanical  influences,  such  as  rubbing,  etc., 
it  is  usually  found  to  have  a  more  or  less  rounded  e.\- 
tremity, 

Eutology  of  the  Hair  and  of  its  Follicle.— -Rix\r  Follicle. 
—The  hair  follicle  is  represented  by  a  sac-shaped  cavity 
composed  of  connective  tissue.  At  its  lower  end,  which 
is  more  or  less  deeply  situated  in  the  cutis,  an  eminence 
is  seen,  analogous  to  the  papilhB  in  the  upper  portion  of 
the  eorium,  which  is  known  as  the  hair  papilla.  This 
body,  upon  which  the  concave  extremity  of  the  hair  root 
is  accurately  fitted,  is  oval  in  shape,  and  at  its  base  is  a 
distinctly  marked  constriction— the  neck  of  the  papilla. 
It  is  composed  of  connective  tissue,  similar  to  that  of  the 
cutis,  of  which  it  is  a  part,  and  contains  blood-vessels 
(See  also  Fig.  5238.) 

The  hair  follicle  envelops  the  lower  two  thirds  of  the 
hair  and  of  its  sheaths,  but  above  the  openings  of  the 
ducts  of  the  sebaceous  follicles  it  is  not  demonstrable  as 
a  separate  formation,  becoming  lost  in  the  tissue  compos- 
ing the  papillary  body.  It  consists  of  three  coats.  The 
most  external  of  these  is  a  portion  of  the  cutis  proper, 
and  is  composed  ol  connective-tissue  fibres,  which  are 
closely  bound  together  and  run  longitudinally  in  the 
axis  of  the  hair,  and  is  quite  rich  in  connective-tissue 
cells.  In  it  are  distributed  the  blood-vessels  and  nerves 
supplied  to  the  hair.  The  next  innermost  coat  is  com- 
posed of  elements  similar  to  those  which  are  found  in  the 
most  external,  but  thej'  are  arranged  in  a  circular  manner 
running  around  the  hair  follicle.  There  are  many  nuclei 
found  in  this  coat,  the  long  axes  of  which  are  directed 
parallel  with  the  cour.se  of  the  fibres,  and  they  resemble 
verj'  strongly  the  nuclei  seen  in  unstriped  muscles;  but 
this  resemblance  is  in  all  probability  due  to  the  tension  to 
which  the  fibres  are  subjected. 

Tlie  innermost  of  the  coats  of  the  hair  follicle  is  a  hya- 
line basement  membrane,  which  has  a  glassy,  transparent 
appearance.  It  is  in  immediate  contact  with  the  cylin- 
drical layer  of  epithelial  cells  belonging  to  the  external 
root  sheath  of  the  hair.  It  is  not  always  demonstrable, 
varying  greatly  in  thickness,  and  is  most  clearly  marked 
in  the  lower  third  of  strongly  developed  hairs.  In  the 
lanugo  hairs  the  connective-tissue  envelope  of  the  hair  is 
absent,  the  root  sheaths  being  derived  from  the  epider- 
mis forming  the  hair  follicle. 

The  Hair  Sheaths. — The  root  of  the  hair  proper  is  in 
the  greater  portion  of  its  extent  covered  by  an  envelope, 
which  consists  of  several  layers  of  cells  very  adherent  to 
it.  It  constitutes  the  inner  root  sheath  of  the  hair,  and 
lies  in  contact  with  the  external  root  sheath,  by  which  it 
is  separated  from  the  connective-tissue  envelope  of  the 
hair  follicle. 

The  Hair  Proper. — When  a  fully  developed  hair  is  ex- 
amined under  the  microscope,  it  can  be  seen  that  it  is 
composed  of  three  tissues,  which  differ  from  each  other 
in  appearance.  These  three  portions  are  termed  the 
cuticula,  the  cortex,  and  the  medulla.  Each  of  these  can 
be  easily  recognized  in  the  shaft  of  the  hair,  but  not  so 
readily  at  the  bulb.  Still,  if  the  hair  is  treated  with 
picrocarmine,  the  cuticula  can  be  traced  here,  and  it  can 
be  seen  that  it  starts  from  the  neck  of  the  hair  papilla 
(Unna).  By  the  same  method,  it  is  also  found  that  the 
cortex  develops  from  the  lateral  portions  of  the  papilla, 
and  the  medulla  from  the  apex. 

The  Cortex. — The  most  voluminous  portion  of  the  shaft 
of  the  hair  is  constituted  by  the  cortex,  a  transparent 
fibrillar  mass  of  varying  color.  In  it  are  seen  dark  spots 
and  longitudinal  streaks,  which  are  situated  between  the 
horny  elements  of  the  hair,  and  are  caused  by  the  pres- 
ence of  air.  Pigment  granules  are  also  present  in  greater 
or  lesser  quantities. 

When  the  hair  is  treated  with  sulphuric  acid  the  cor- 
tex breaks  up  into  the  fibres  of  which  it  is  composed, 
and,  if  the  action  of  the  acid  has  been  long  continued,  it 
may  even  separate  into  long,  narrow,  spindle-shaped 
plates.  In  the  centres  of  these  latter  an  indistinct  linear 
figure  is  oftentimes  traceable.     It  represents  the  remains 


of  the  nucleus  of   the   cell  from  whicli    tlje  plate  was 
derived. 

The  development  of  the  hair  from  cells  is  very  distinct- 
ly seen  at  the  papilla.  The  portion  of  the  hair  in  imme- 
diate contact  with  this  body  is  hollowed  out  or  concave 
in  shape,  and  it  is  composed  of  a  row  of  cylindrical  epi- 
thelial cells  entirely  similar  to  those  forming  the  basic 
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Fig.  ,5248.— Cross  Section  of  a  Hair  and  its  Slieatli,  from  the  Scalp. 
Specimen  hardened  in  Mueller's  fluid  and  stained  with  ha?matoxyIin 
and  eosin.  The  cut  was  made  at  the  level  of  the  region  in  which 
lie  the  sebaceous  glands.  Magnified  2.50  diameters,  (.\fter  Rabl.) 
R,  Cortical  portion  of  the  hair  shaft  (the  medullary  substance  is 
lacking  in  this  specimen)  ;  Cu.p..  cuticula  of  the  hair;  Cu.v., 
cuticula  of  the  sheath  of  the  root ;  Hu,  Huxley's  layer ;  He.  Henle's 
layer  ;  A.W..  outer  sheath  of  the  root ;  Bg.^  conuective  tissue ;  T, 
sebaceous  glands. 

layer  of  the  epidermis.  Tliis  la3'er  of  cells  is  termed  the 
matrix  of  the  hair,  and  it  is  upon  it  that  the  growth  of 
the  hair  depends.  Starting  from  this  point,  it  can  also 
be  seen  how  the  cells  and  their  nuclei  grow  longer,  be- 
come finely  fibrillated  and  grfinular,  and  finally,  when 
entirely  horn}',  appear  as  small  plates.  These  successive 
changes  should  be  studied  on  haiis  which  are  little  pig- 
mented, for  in  them  they  can  be  seen  much  more  easily 
than  when  the  opposite  is  the  case.  The  cells  of  which 
the  cortex  of  the  hair  root  is  foriued  have  been  found  by 
Waldeyer  to  be  composed  of  small  fibres.  Each  cell  is 
united  to  the  contiguous  ones  by  short  spines,  in  a  man- 
ner analogcnis  to  the  cells  composing  the  epidermis. 

The  pigment  which  gives  the  hair  its  various  shades  of 
color  is  an  important  constituent  of  the  cortex.  It  varies 
greatly  in  quantity,  and  in  proportion  to  its  abundance 
or  comparative  absence  the  hair  is  dark  or  light  in  color. 
It  occurs  both  in  a  diffuse  form  and  also  in  granules. 
The  elements  of  the  cortex  are  diffusely  pigmented  by 
the  former,  but  the  pigment  granules  are  distributed  here 
and  there,  and  are  situated  in  and  between  the  cells  com- 
po.sing  the  cortex  (Waldeyer).  This  deposition  of  the 
pigment  graiuiles  in  the  cells  is  most  clearly  seen  in  the 
root  of  the  hair.  The  source  of  the  pigment  is  not  yet 
fully  established,  though  Riehl  and  others  more  lately 
have  thrown  some  light  on  the  subject.  In  the  tissue 
of  the  papilla  of  the  hair  irregular-shaped  nucleated 
cells,  the  protoplasma  of  which  contains  a  considerable 
amount  of  pigment,  have  been  found.  They  were  pres- 
ent as  far  up  as  the  matrix  of  the  hair,  between  the  cells 
of  which  they  sent  long  prolongations,  and  they  could 
also  be  traced  higher  up  as  fine  intercellular  pigment 
deposits.  Riehl  also  observed  that  the  cells  of  this  por- 
tion of  the  hair  root,  which  were  not  yet  horny,  con- 
tained granules  of  pigment  around  their  nuclei,  and  also 
that  the  cells  of  the  matrix  were  quite  closely  connected 
with  the  prolongations  of  the  wandering  pigment  cells  of 
the  hair  papilla,  from  which  their  protoplasm  took  up 
pigment  granules.     In  regard  to  the  source  of  these 

6S5 


Sleeping-sickness. 
Snails. 


REFERENCE  HANDBOOK  OP  THE  JIEDICAL  SCIENCES. 


granules,  Rielil  argued  that,  inasmuch  as  wandering  pig- 
ment cells  were  regularly  met  with  in  the  papilla  of  the 
iair  and  following  the  course  of  the  blood-vessels,  the 
blood  must  be  the  source  of  the  pigment,  and  this  latter 
must  be  carried  by  the  cells  to  the  hair. 

Tlie  Medulla. ^-Tho  medulla  is  situated  in  the  axis  of 
the  hair  throughout  almost  its  entire  length,  but  it  nar- 
rows and  terminates  at  some  distance  from  the  free  end. 
It  is  marked  in  the'  stronger  hairs,  but  is  usually  absent 
in  the  lanugo  hairs,  and  often  also  in  those  of  the  scalp. 
The  presence  of  the  medulla  is  shown  by  a  more  or  less 
broad,  longitudinal  band  of  a  dark  color,  which  is  due  to 
the  air  situated  between  its  composing  elements.  These 
latter  are  cells  which  are  shrunken  into  irregular  shapes, 
possess  no  nuclei,  and  are  furnished  with  spines  and 
prongs  (Waldeyer). 

At  the  bulb  of  the  hair,  the  medulla  differs  very  slight- 
ly from  the  cortex.  Over  the  apex  of  the  papilla  and 
above  the  cylindrical  cells  situated  there,  which  repre- 
sent the  matrix  of  the  medulla,  large  nucleated  cells  are 
seen,  and  in  their  protoplasm  are  large  drops  of  kerato- 
hyalin.  In  proportion  as  the  shaft  is  ascended,  these 
■cells  become  shrunken,  harder,  lose  their  nuclei,  and  the 
keratohyalin  disappears.  Tliey  are  bound  together  by 
means  of  the  spines  and  prongs  on  their  surface,  between 
wliich  are  left  spaces — intercellular  spaces.  Below  the 
external  surface  these  spaces  serve  as  channels  through 
which  nourishment  is  furnished  to  the  young  cells  of  the 
medulla,  but  where  the  hair  is  exposed  to  the  external 
atmosphere  this  fluid  evaporates,  and  the  spaces  become 
filled  with  air. 

Tlie  Cuticula. — The  hair  is  also  furnished  with  a  cu- 
ticula,  which  surrounds  the  greater  part  of  that  portion  of 
the  hair  which  lies  in  the  follicle.  It  is  formed  by  a  layer 
of  horny  plates,  arranged  like  tiles  on  a  roof,  and  they 
are  closely  bound  together.  The  cuticula  originates  from 
tlie  neck  of  the  papilla  of  the  hair,  between  the  matrix 
of  the  cortex  and  that  of  the  inner  root  sheath.  At  this 
point  it  consists  of  several  rows  of  cylindrical  nucleated 
cells,  which  divide  soon  after  leaving  the  matrix  into  two 
layers.  One  of  these  goes  to  form  the  cuticula  of  the 
hair,  the  other  the  cuticula  of  the  inner  root  sheath.  The 
cells  of  the  former  are  at  the  middle  of  the  hair  papilla, 
directed  perpendicularly  to  the  circumference  of  the  hair, 
but  gradually  become  more  and  more  inclined  toward  it. 
At  the  upper  portion  of  the  hair  foUicle  the  cuticula  is 
no  longer  distinguishable  and  becomes  a  constituent  por- 
tion of  the  cortex.  At  the  matrix  the  cells  are  epithelial 
in  character,  but  they  become  transformed  into  solid 
transparent  horn  plates  without  nuclei. 

The  Boot  8hmt7is.— The  hair  root  is  further  enveloped 
by  two  coats— the  root  sheaths— which  are  closely  adhe- 
rent to  it.  They  are  known  individually  as  the  inner  and 
the  outer  root  sheath.  The  former  is  immediately  around 
iind  in  contact  with  the  hair,  and  ends  within  the  hair 
follicle ;  the  latter,  more  external,  passes  up  to  the  orifice 
of  the  follicle,  where  it  becomes  continuous  with  the 
spiny  layer  of  the  epidermis. 

Tlie  Inner  Boot  Sheath.— The  inner  root  sheath  is  com- 
posed of  three  layers— the  cuticula,  the  one  nearest  the 
hair,  Henle's  layer,  the  most  external,  and  between  these 
two  Huxley's  layer. 

The  cuticula  of  the  inner  root  sheath  arises  from  the 
same  matrix  at  the  neck  of  the  hair  papilla  as  the  cutic- 
ula of  the  hair.  The  cells  composing  it  are  so  arranged 
that  their  long  axes  are  parallel  to  the  circumference  of 
the  hair,  that  is,  in  an  opposite  direction  to  the  cells  form- 
ing the  cuticula  of  the  cortex.  They  undergo  transforma- 
tion in  a  manner  entirely  analogous  to  the  one  which  has 
been  already  described  for  the  cuticula  of  the  cortex. 
The  cuticula  of  the  inner  root  sheath  is  lost  sight  of 
within  the  follicle,  becoming  a  part  of  the  sheath. 

The  Layers  of  Huxley  and  of  Henle.— The.  portion  of  the 
inner  root  sheatli  which  is  situated  between  the  cuticula 
just  described  and  the  external  root  sheath  is  composed 
of  the  two  layers  known  as  those  of  Huxley  and  of 
Henle.  They  also  take  their  origin  from  the  neck  of  the 
papilla,  and  at  that  point  appear  as  a  layer  of  three  or 
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moi'e  cylindrical  epithelial  cells.  Drops  of  keratohyalin, 
however,  appear  very  soon  in  these  cells,  and  this  sub- 
stance increases  rapidly  in  quantity.  The  change  in 
their  appearance  due  to  the  presence  of  the  keratohyalin 
is  very  marked  on  a  level  with  the  apex  of  the  papilla, 
and  tlie  cells  are  seen  here  to  have  attained  a  much 
larger  size.  The  cells  forming  the  layer  of  Henle — the 
most  external — contain,  however,  a  greater  amount  of 
keratohyalin,  and  undergo  hornilication  much  more 
rapidly  than  they  do  in  the  layer  of  Huxley.  Conse- 
quently, Henle's  layer  is  found  represented  by  hoiny, 
polygonal,  non-nucleated  elements  at  a  much  lower  level 
than  Huxley's  layer.  This  latter,  the  inner  portion  of 
the  inner  root  sheath  of  the  hair,  is  composed  at  the  pa- 
pilla of  cells  which  contain  a  smaller  amount  of  kerato- 
hyalin. Keratoficatlon  in  them  is  not  so  rapid  as  in  the 
cells  of  Henle's  layer,  the  nuclei  do  not  disappear  so 
early,  and  the  complete  transformation  of  the  elements 
of  Huxley's  layer  into  horny  masses  occurs  at  a  higher 
level  than  is  seen  in  the  former  one.  The  inner  root 
sheath  ends  in  the  hair  follicle. 

TJie  External  Boot  Sheath. — In  describing  the  embry- 
ology of  the  hair,  it  was  stated  that  the  first  changes 
observed  consisted  in  a  proliferation  and  prolongation 
downward  into  the  cutis  of  a  portion  of  the  cells  forming 
the  stratum  spinosum  of  the  epidermis.  The  further 
steps  which  occurred  in  the  evolution  of  the  hair,  and 
which  took  place  in  the  central  portion  alone  of  this  pro- 
longation, it  has  also  been  seen,  resulted  in  the  formation 
of  tlie  shaft  of  the  hair,  but  the  remaining  portion  also 
serves  an  important  purpose.  It  represents  the  external 
root  sheath,  or  envelope,  of  the  hair,  and  is  separated  by 
it  from  the  connective  tissue  composing  the  follicle. 

The  outer  root  sheath  is  not  uniform  throughout  its 
entire  extent,  but  is  lined  on  the  surface  next  to  the 
hair  shaft,  and  as  far  down  as  the  opening  of  the  duct  of 
the  sebaceous  gland,  by  the  stratum  corneum  and  stra- 
tum granulosum.  From  here  to  the  level  of  the  hair 
papilla  the  stratum  spinosum  descends  in  its  entirety, 
but  then  narrows,  and  at  the  neck  of  the  papilla  is  re- 
duced to  a  layer  of  two  or  three  cylindrical  cells.  It  lies 
at  this  point  in  close  contact  with  the  cells  from  which 
the  inner  root  sheath  is  formed. 

The  appendages  of  the  hairs  are  the  sebaceous  glands, 
and  bundles  of  unstriped  muscular  fibres  are  also  attached 
to  them.     They  have  been,  however,  already  described. 

George  T.  Elliot. 

SLEEPING-SICKNESS.— Etiology.— Manson'sformer 
theory  of  sleeping-sickness  being  caused  by  the  Filaria 
Persians  (see  Vol.  VII.,  p.  242)  is  now  regarded  as  unten- 
able, as  there  are  regions  in  which  the  filaria  abounds 
and  sleeping-sickness  is  unknown,  and  hkewise  places 
given  over  to  sleeping-sickness  in  which  the  filaria  has 
not  been  found. 

Castellani  found  trypanosomes  in  the  cerebrospinal 
fluid  in  cases  of  sleeping-sickness;  and  this  lias  been 
subsequently  verified  by  numerous  other  observers. 
It  is  now  recognized  that  this  trypanosome — Try- 
panosoma gambiense — is  the  cause  of  the  disease,  and 
that  it  gains  entrance  to  the  body  through  the  bite  of 
the  Glossina  palpalis,  one  of  the  species  of  the  tsetse  fly. 
Besides  being  found  in  the  cerebrospinal  fluid,  it  is  also 
found  sometimes  in  the  blood.  It  is  not  yet  settled 
whether  the  Glossina  palpalis  is  a  true  intermediate  host 
or  simply  a  carrier  of  the  trypanosome.  Just  how  the 
trypanosome  produces  the  pathological  changes  ob- 
served in  this  disease,  is  also  at  present  unknown;  but 
Mott  (Report  of  the  Sleeping  Sickness  Commission, 
No.  VII.),  after  an  extensive  study  of  the  pathology 
of  sleeping-sickness,  comes  to  the  following  conclusion: 
"."VU  cases  of  sleeping-sickness  have  trypanosomes  in 
the  cerebrospinal  fluid  at  some  time  or  other,  and  it  is 
probable  that  the  entrance  of  the  trypanosomes  into  this 
fluid  marks  the  onset  of,  and  slowly  causes,  the  chronic 
inflammatory  change  in  tlie  lymphatic  system  of  the 
central  nervous  system.  The  alternative  hypothesis 
is  that  the  trypanosomes,  by  multiplying  in  the  lym- 
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phatic  glands,  produce  a  toxin  which  is  absorbed  by  the 
lymphatics,  and  this  toxin  proceeds  along  the  vessels 
and  nerves  to  the  lymphatics  of  the  cerebrospinal  arAs, 
the  route  being  especially  from  the  cervical  glands  by 
the  lymphatics  of  the  large  vessels  and  nerves  entering 
the  base  of  the  skull." 

Koch  has  recently  claimed  that  the  crocodile  is 
an  important  factor  in  the  spread  of  sleeping-sick- 
ness, in  that  the  Glossina  palpalis  lives  chiefly  on  the 
blood  of  these  animals.  This  claim,  while  interesting, 
is  not  proven;  and  it  has  been  pointed  out  that  whereas 
crocodiles  are  common  all  along  the  banks  of  the  Nile, 
sleeping-sickness  is  found  only  in  the  upper  reaches; 
crocodiles  are  also  plentiful  in  other  districts  which  are 
free  from  sleeping-sickness. 

Diagnosis. — This  can  now  be  accomplished  with 
certainty  by  examining  the  cerebrospinal  fluid  and  the 
blood,  in  one  or  both  of  which  fluids  the  trypanosome 
will  be  found.  About  10  c.c.  of  the  cerebrospinal  fluid 
should  be  withdrawn  by  lumbar  puncture,  then  centri- 
fuged  for  ten  or  fifteen  minutes,  and  the  sediment  ex- 
amined with  a,  one-sixth  or  one-eighth  objective.  The 
blood  can  be  examined  directly;  if  this  should  prove 
negative,  it  ought  to  be  supplemented  by  a  further 
examination  as  follows:  withdraw  10  c.c.  from  a  vein, 
add  one  c.c.  of  sodium  citrate,  then  centrifuge  for  ten 
or  fifteen  minutes,  and  examine  the  sediment  in  a  hang- 
ing drop  or  in  a  smear.  A.  R.  Cook  recommends  Greig's 
method  of  diagnosis.  This  consists  in  puncturing  the 
swollen  cervical  glands;  in  the  fluid  contained  therein 
the  trypanosome  can  generally  be  found,  with  a  one- 
eighth  objective. 

Prophylaxis. — At  present  much  more  investigation  is 
necessary,  and  many  problems  ha^'e  to  be  solved  before 
any  certain  prophylaxis  can  be  promised.  It  is,  how- 
ever, safe  to  say  that  (1)  the  tsetse  fly  must  be  either 
destroyed  or  prevented  from  reaching  the  inhabitants; 

(2)  those  who  are  infected  must  be  strictly  isolated  so 
that    the    trypanosome    cannot    be    carried   to    others; 

(3)  the  healthy  or  non-infected  must  be  protected  both 
day  and  night  from  attacks  of  the  Glossina  palpalis,  and 
all  tsetse  flies  must  be  always  regarded  as  dangerous 
and  undesirable;  (4)  the  districts  in  which  the  (?iossma 
palpalis  breeds  should,  as  far  as  possible,  be  cleared  of 
all  bushes,  undergrowth,  weeds,  etc.;  this  can_  be 
accomplished  either  by  cutting  down  or  by  burning. 
The  details  of  prophylaxis  and  quarantine  for  each 
locaUty  can  be  set  forth  best  (if  not  only)  by  the  au- 
thorities who  have  the  power  to  enforce  such  regulations 
as  may  be  considered  necessary. 

Treatment. — Atoxyl  (as  first  pointed  out  by  Thomas, 
of  Liverpool)  gives  by.  far  the  best  promise  of  success  in 
the  treatment  of  sleeping-sickness.  It  is  not  claimed 
that  this  agent  is  absolutely  curative,  much  less  that  it 
is  a  specific;  but  it  gives  considerable  rehef  to  the 
patient  and  decidedly  amehorates  the  symptoms,  even 
to  causing  the  disappearance  of  the  trypanosomes  from 
the  cervical  glands.  Atoxyl  is  best  administered  by 
hypodermicinjectionin  doses  of  2  c.c.  of  a  saturated  solu- 
tion (about  twenty  per  cent.)  of  atoxyl  in  distilled  water; 
this  dose  is  given  every  otliei  day  for  a,  fortmght.  Or 
half-drachm  doses  of  the  solution  may  be  given  per  os  for 
two  successive  days,  this  dose  1  o  be  repeated  at  intervals 
of  ten  days  and  continued  in  this  way  for  several  months. 
The  details  of  the  results  obtianed  with  this  preparation 
varv  considerably  in  the  reports  from  the  different 
observers,  the  most  optimistic  bemg  that  of  Koch,  who 
claims  to  have  reduced  the  death-rate  to  eight  per  cent, 
—a  truly  remarkable  record  in  a  disease  generally 
regarded  as  almost  invariably  fatal. 

Serum  treatment  and  a  synthetic  product  trypan- 
roth"  have  alsr:  ix'-en  recommended,  or  at  least  suggested, 
but  up  to  the  present  atoxyl  seems  to  be  the  recognized 
remedial  agent. 


divided  into  the  land,  fresh-water,  and  marine  species,, 
belonging  respectively  to  the  suborders  Oeophila,  Limno- 
pMla,  and  Thalassophila.  There  are  some  few  terres- 
trial species  and  a  large  number  of  fresh-water  and 
marine  forms,  belonging  to  the  order  Azygobrajichia,  to 
which  the  term  snail  is  also  sometimes  applied.  The 
fresh-water  and  marine  forms  are  perhaps  more  com- 
monly known  as  periwinkles  and  whelks,  while  allied 
genera  not  provided  with  a  shell  are  ordinarily  spoken  of 
as  slugs. 

The  order  Pidvionata  is  characterized  by  a  lingual 
membrane  provided  with  numerous  teeth  arranged  in 
many  uniform  transverse  rows;  mouth  usually  supplied 
with  one  or  more  horny  jaws,  a  respiratory  organ  in  the 
form  of  a  closed  chamber  lined  with  pulmonic  vessels  on 
the  back  of  the  animal  and  covered  by  the  shell  when 
present;  the  edge  of  the  mantle  being  attached,  and  the 
entrance  to  the  air  chamber  being  through  an  opening  in 
the  side  closed  by  a  valve.  The  operculum  is  almost 
universally  absent.  The  tentacles  and  eye  peduncles 
are  retractile  or  contractile.  The  shell  varies  in  form, 
and  is  sometimes  rudimentary  or  wanting.  They  are 
hermaphrodites,  with  reciprocal  impregnation,  generally 
oviparous,  and  all  forms,  whether  terrestrial,  fluviatile, 
or  marine,  respire  free  air. 

The  American  species  of  terrestrial  snails  live  mostly 
in  the  forest  sheltered  under  the  trunks  of  fallen  trees, 
layers  of  decayed  leaves,  stones,  or  in  the  soil  itself. 
They  are,  as  a  rule,  solitary  in  their  habits ;  only  excep- 
tionally, as  sometimes  in  the  early  days  of  spring,  do 
they  congregate  in  considerable  numbers  in  warm  and 
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SNAILS  -A  popular  term  applied  to  those  forms  of 
.the  gasteropod  mollusks,  belonging  chiefly  to  the  ord  r 
P«?mOT«to.  which  are  provided  with  a  shell.     They  are 


Fig.  5249.— Helix  Pomatia  Linn. ;  the  European  Vineyard  Snail,  the 
one  most  extensively  eaten.    (From  Keferstein.) 

sunny  situations,  but  these  assemblies  do  not  last  more 
than  a  few  days ;  they  then  scatter  and  again  resume  for 
the  rest  of  the  year  their  solitary  mode  of  living.  They 
are  rarely  seen  abroad  except  on  damp  dark  days  or  at 
twlUght,  and,  indeed,  they  almost  disappear  as  the  for- 
ests are  cut  down,  and  seem  to  flee  the  approach  of  man. 
The  European  species,,  on  the  other  hand,  follow  in  the 
track  of  cultivation  and  are  common  in  gardens  and 
fields,  on  walls  and  hedges,  and  other  places  exposed  to 
the  action  of  light.  It  is  probably  owing  to  this  radical 
difference  in  their  habits  of  life  that  the  large  majority 
of  our  species  are  so  plain  and  uniformly  dull-colored, 
while  the  European  species  are  brightly  colored.  In 
size  the  snails  vary  from 
those  minute  species  a  ciuar- 
ter  of  an  inch  or  less  in 
length  to  the  gigantic  Afri- 
can species  belonging  to  the 
genera  Achatina  and  Ba- 
linus,  which  sometimes  at- 
tain the  length  of  eight 
inches. 

The  eggs  are  laid  in  the 
early  spring.  Some  few 
forms  are  viviparous.     As 

to  thirty  days,  the  young 

snail  devotes  himself  strict-  i  ■        ,„ 

ly  to  the  business  of  eating.  He  first  devours  his  own 
shell,  and  then,  according  as  his  instinct  leads  him,  be- 
gins on  either  vegetable  or  animal  food  Ihe  ma3ority 
of  them  prefer  vegetable  food,  though  it  is  certain  that 
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some  forms  are  also  fond  of  animal  food,  and  sometimes 
prey  upon  eartliworms,  their  own  eggs,  or  even  upon 
each  other.  The  amount  they  can  eat  is  enormous,  as 
■can  well  be  testified  to  by  tiie  gardener,  who  often  finds 
a  whole  field  of  vegetables  almost  destroyed  in  a  single 
night.  As  might  be  expected  from  this,  their  rate  of 
growth  is  very  rapid,  and  they  frequently  double  in  size 
within  a  week.  At  the  first  approach  of  frost  they  re- 
tire into  secluded  and  sheltered  spots  under  logs  or  stones, 
or  partially  burrow  into  the  soil,  withdraw  into  their 
shells,  and  dispose  themselves  for  their  annual  sleep  or 
hibernation,  only  to  be  awakened  again  in  from  four 
to  six  months  by  the  warmth  of  spring. 

They  possess  the  power  of  secreting  a  mucus-like  mate- 
rial from  the  general  surface  of  the  body  at  will.  The 
:slugs  have  this  function  developed  to  a  much  greater 
degree,  and  it  is  used  by  them  as  a  mea^s  of  defence. 
Whenever  a  foreign  substance  touches  tliem  they  secrete 
a  quantity  of  the  mucus,  which  forms  a  kind  of  mem- 
brane interposed  between  themselves  and  the  irritating 
substance.  This  mucoid  material  is  a  non-conductor  of 
heat  and  impervious  for  a  time  to  liquids,  so  that  by  its 
means  they  are  enabled  for  a  considei'able  lime  to  with- 
stand the  action  of  corrosive  gases,  alcohol,  and  even 
boiling  water.  The  fresh-water  and  marine  forms  live 
on  the  rocks  and  aquatic  plants  at  tlie  bottoms  of  ponds 
and  rivers,  and  along  the  seashore,  where  they  may  be 
:seen  in  immense  numbers  when  at  any  time,  as  at  ebb' 
tide,  the  rocks  are  exposed. 

There  are  a  large  number  of  species  of  snails  which 
have  been  used  as  food.  Most  of  these  belong  to  the 
.genus  Helix,  of  which  more  than  twelve  hundred  species 
have  been  described.  Few  of  the  American  forms  have 
been  so  used,  partly  for  the  reason  that  it  has  never 
become  the  custom  here,  and  partly,  probably,  from  the 
•curious  fact,  already  mentioned,  that  the  forms  indige- 
nous to  this  country  are  mostly  solitary  and  do  not  col- 
lect in  herds  or  communities.  Many  of  the  European 
•species,  on  the  contrary,  herd  together  in  immense  num- 
bers and  so  are  very  easy  to  collect  and  peculiai-ly 
adapted  to  colonization.  The  "  edible  snail, "  Helix  poma- 
tia,  is  the  one  most  commonly  eaten  in  Europe,  but  H. 
■  aspersa  and  B.  hortensis  are  also  very  generally  used. 
The  first  of  these  has,  I  believe,  never  been  introduced 
into  this  country,  but  aspersa  and  Iwrteiisis  both  have 
been,  and  are  now  found  in  considerable  numbers  in  cer- 
tain localities.  They  retain  their  habits  of  congregation, 
and  will  no  doubt  in  time  be  much  more  generally  used 
as  an  article  of  diet  than  they  are  at  present. 

The  ancient  Greeks  and  Romans  regarded  snails  as 
one  of  their  greatest  delicacies,  and  imported  them  from 
all  parts  of  the  then  known  world  to  bo  reared  and  fat- 
tened in  their  extensive  snail  ponds.  In  many  parts  of 
Africa  the  large  species  which  are  indigenous  there  are 
used  as  a  daily  food  all  the  year  round.  At  the  present 
time  in  Austria,  France,  Switzerland,  Spain,  and  Italy 
the  collection,  rearing,  and  preparing  them  for  market 
afford  occupation  to  a  large  number  of  people.  An  idea 
of  the  extent  of  the  industry  may  be  gained  from  the 
fact  that  from  Ulm  alone  some  four  million  are  annually 
•exported,  and  about  ninety  thousand  pounds  are  sold  in 
the  Paris  markets  every  year. 

The  wild  snails  are  collected  and  placed  in  small  plots 
of  land  cleared  of  trees  and  covered  with  heaps  of  moss 
and  pme-twigs,  and  separated  from  each  other  by  moats 
or  trails  of  sawdust,  for  which  snails  have  a  natural  antip- 
athy. They  are  kept  here  and  fed  on  fresh  grass  cab- 
bage leaves,  mint,  and  other  aromatic  herbs  In  the 
course  of  a  week  or  ten  days  they  have  become  quite 
obese  and,  besides,  have  attained  a  very  delicate  flavor- 
they  are  then  starved  for  a  few  days  to  allow  them  to  eet 
rid  of  excrementitiouS  matter,  when  they  are  ready  for 
the  market.  To  prepare  them  for  the  table  they  are  well 
washed,  then  broiled,  baked,  or  boiled,  shell  and  all  when 
they  are  either  extracted  and  served  with  various  suit- 
:able  sauces,  or  are  placed  on  the  table  entire,  to  be  re- 
moved at  lue  time  of  eating  by  placing  the  shell  to  the 
mouth  and  drawing  out  the  animal  by  sucking  it. 
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The  sea  snails  are  not  so  extensively  used  as  food, 
though  in  England  the  common  periwinkle  (Littoi-ina 
Utiorea)  is  consumed  in  Immense  quantities  by  the  poorer 
classes  on  the  coasts  as  well  as  in  London.  About  three 
thousand  tons  of  them,  valued  at  £15,000,  are  annually 
shipped  to  London  alone. 

There  has  been  a  number  of  cases  of  poisoning  from 
eating  snails  which  have  been  allowed  to  feed  on  hemlock 
and  belladonna,  so  that  now  there  has  been  an  inspector 
appointed  in  Paris  whose  business  it  is  to  see  that  they 
are  in  fit  condition  for  consumption. 

In  some  persons  the  ingestion  of 
snails  brings  on  marked  attacks  of 
urticaria — the  same  as  is  seen  in  cer- 
tain cases  after  eating  clams,  oysters, 
and  other  shell  fish.  In  these  cases 
it  will  be  understood  that  there  is  a 
more  or  less  marked  idiosyncrasy  in  ^HoiSS^T^fp  ""^^ 
the  person.  Binney.)  "    *   ''°°' 

An  idea  of  the  nutritive  value  of 
these  mollusks  may  be  gained  from  the  following  an- 
alysis of  the  "edible  snail,"  made  by  Mr.  Charles  Mene: 

Water 72.717 

Nltropeneous  matter 17.652 

Fatty  substances 1.125 

Non-nltrogeneous  matter 6.300 

fialts 2,176 

Nitrogen 2.823 

In  some  parts  of  the  world  the  snail  has  more  or  less 
of  a  reputation  as  a  "  cure  "  for  consumption,  concerning 
which  it  is  only  necessary  to  say  that  it  may  be  con- 
sidered a  food  of  some  value  as  affording  a  change  of 
diet.  William  Barnes. 

STOVAIN  is  benzoyl-ethyl-dimethylaminopropanol 
hydrochloride  with  the  structural  formula  CnHsjOjHCl. 
It  is  a  hydrochloride  of  amylene,  a  derivative  of  amino- 
alcohol.  It  crystallizes  in  small  scales  which  melt  at 
175°  C;  is  freely  soluble  in  water,  dilute  alcohol,  and 
acetic  ether;  only  sUghtly  soluble  in  absolute  alcohol. 
Aqueous  solutions  are  shghtly  acid  in  reaction  to  litmus, 
are  precipitated  by  all  alkaloidal  reagents,  and  de- 
compose when  boiled  at  120°  C. 

Stovain  is  a  local  anffisthetic,  a  substitute  for  cocaine, 
which  it  resembles  in  its  physiological  action.  It  is 
claimed  that  the  aniEsthetic  power  of  stovain  is  equal  to 
that  of  cocaine;  that  it  is,  like  cocaine,  a  vaso-dilator 
rather  than  a  vaso-constrictor,  and  that  it  is  from  one-half 
to  one-third  as  toxic  as  cocaine,  slightly  antiseptic,  and 
germicidal.  It  is  not  an  anodyne  when  administered 
subcutaneously,  but  produces  analgesia  when  used  in 
epidural  or  epidermal  injections,  especially  so  in  the 
neuralgias,  including  sciatica.  Concentrated  solutions 
sometimes  cau.se  tissue  injuries,  and  this  may  be  followed 
by  gangrene.  In  ocular  surgery  when  it  is  used  in  sub- 
conjunctival injections,  anaesthesia  is  said  to  be  com- 
plete in  one  minute  or  even  in  some  instances  less  than 
a  minute.  When  used  by  instillation  it  causes  epithelial 
desquamation  to  some  extent,  as  dees  cocaine.  When 
applied  in  powder  form  to  the  eyes  of  rabbits  it  has 
produced  leucoma. 

Stovain  has  been  used  in  dentistry  preceding  ex- 
tractions, but  instances  have  been  reported  in  which 
its  use  was  followed  by  distressing  symptoms,  even 
syncope.  Stovain  has  been  extensively  used  abroad  in 
lumbar  anaesthesia.  In  some  instances  its  use  has  been 
accompanied  or  followed  by  malaise,  nausea,  vomiting, 
persistent  headache,  and  even  collapse,  although  sucn 
effects  when  they  do  follow  rarely  become  dangerous. 

The  dose  of  stovain  is  uniform  with  that  of  cocaine. 
Solutions  should  be  sterilized  by  heating  to  105°  or  at 
most  110°  C,  and  should  be  injected  under  or  into  the 
derma.  When  borated  water  is  used  to  sterilize  the 
syringe  preceding  injections,  the  syringe  should  be  thor- 
oughly rinsed  in  distilled  water  before  drawing  in  the 
stovain  solution.  John  W.  Wainwright. 

STYPTOL  (cotarnine  phthalate)  is  represented  by 
the     formula,     CaHi(COiiH)2.(Ci2H,5NOi)j.     It     is    a 


IIEFEUENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES     !»"*''"»• 

Surgical  OperatioDM 


yellow  crystalline  powder,  readily  soluble  in  water, 
comprised  of  about  75  per  cent,  of  cotarnine  and  25  per 
cent,  of  phthaUc  acid.  It  is  recommended  principally 
as  a  styptic,  although  sedative  properties  due  to  the 
cotarnine  content  are  claimed.  It  is  used  locally  in 
bladder  and  uterine  hemorrhages;  does  not  produce 
contraction  of  the  uterine  muscles;  produces  a  slight 
drowsiness.  Styptol  can  be  used  instead  of  ergot  or 
ergotin  as  a  hsemostatic.  It  is  used  also  preceding 
menstruation  in  .  menorrhagia,  metrorrhagia,  and  dys- 
menorrhoea,  and  in  hemorrhage  during  the  meno- 
pause, pregnancy,  or  from  fibroma  and  myoma  of  the 
uterus.     Dose,  0.05  grm.  (J  grain)  three  times  a  day. 

John  W.  Wainuright. 

SURGICAL  OPERATIONS,  COMPLICATIONS  AND 
ACCIDENTS  FOLLOWING.— But  Uttle  Uterature  of  a 
concise  nature  has  as  yet  appeared  upon  this  important 
and  neglected  subject.  One  reason  for  this  undoubtedly 
has  been  that  the  complications  of  postoperative  work 
have  been  steadily  growing  less  in  frequency  and  in  sever- 
ity, owing  to  the  introduction  of  asepsis  and  improved 
technique.  Nevertheless  the  very  popularizing,  if  it 
may  be  so  called,  of  intricate  and  difficult  surgical  work 
by  the  flood  of  modern  surgical  literature,  as  well  as  by 
the  teachings  of  the  masters,  is  in  itself  sufficient  ground 
for  the  presentation  in  equally  assimilable  form  of  the 
■dangers,  both  local  and  general,  which  every  patient 
operated  upon  is  subjected  to,  and  which  dangers  form 
an  index  of  the  responsibility  of  the  men  who  operate. 

Shock. — Perhaps  the  most  general  complication 
following  operation  is  shock.  It  may  be  described  as 
a  vasomotor  disturbance  which  manifests  itself  clinically 
by  a  dilatation  of  the  abdominal  veins.  Many  thera- 
peutic measures  have  been  invoked  to  protect  the 
patient  from  this  condition.  Prominent  among  these 
may  be  mentioned  the  cording  of  the  extremities, 
Crile's  pneumatic  operating  suit,  and,  most  recent  of  all, 
the  transfusion  of  blood,  which  has  been  made  possible 
by  the  advanced  surgical  work  upon  the  vessels.  These 
mechanical  aids  to  the  recovery  of  the  vasomotor  balance 
should  be  seconded  by  an  intelligent  use  of  certain 
drugs.  In  addition  to  the  usual  cardiac  stimulants, 
adrenalin  chloride  has  been  found  in  certain  oases  to 
have  a  selective  and  favorable  action.  It  is  not  to  be 
doubted  that  the  patient's  mental  condition  is  an  im- 
portant factor  that  should  be  taken  into  account  when 
■estimating  the  probable  degree  of  shock  from  certain 
operative  procedures.  This  was  strongly  believed  in 
by  Fowler,  and  Estes  considers  the  individual  equation 
of  the  patient  to  be  a  most  important  and  hitherto 
neglected  subject.  One  of  the  most  valuable  contri- 
butions to  the  prevention  of  shock  has  been  made  by 
■Crile,  who  has  proved  that  preoperative  cocaine  injec- 
tions into  the  nerve  trunks  of  the  seat  of  operation  tend 
to  lessen  operative  shock. 

Shock  once  established  is  to  be  treated  by  posture,  by 
artificial  heat,  by  intravenous  infusion,  by  hypodermo- 
clysis,  and  high  enemas  given  at  120°  F.  and  containing 
whiskey  and  coffee. 

Secondary  Hemorrhage. — Widely  removed  from 
shock,  yet  resembhng  it,  often  with  a  closeness  which  is 
fatal  to  the  patient,  is  this  somewhat  uncommon,  but 
by  no  means  unknown,  compUcation.  Much  has  been 
written  on  the  differential  diagnosis  of  the  two  condi- 
tions, but  the  cardinal  point  of  difference  between  the 
two,  which  shall  hold  true  in  every  case,  has  yet  to  be 
determined.  Obviously  the  treatment  of  hemorrhage 
consists  in  a  reapplication  of  the  slipped  Ugature. 
Fortunately  this  complication  is  rarely  met  with  outside 
of  the  abdominal  cavity. 

Anuria.— The  etiology  of  postoperative  anuria  is 
not  in  all  cases  thoroughly  understood.  It  is  usually 
ascribed  to  the  awakening  of  a  dormant  nephritis  owing 
to  the  irritation  of  the  ansesthetic.  It  is  probable, 
however,  that  the  elimination  through  the  kidneys  of 
certain  metabolic  products  which  have  failed  to  com- 
plete the  usual  and  physiological  metamorphic  changes 
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is  a  factor  in  the  production  of  anuria  in  at  least  a  number 
of  cases.  That  certain  of  these  bodies  which  are  toxic 
to  the  kidneys  and  inhibitory  to  their  action  are  present 
in  the  normal  body  fluids— bile,  for  example— is  highly 
probable. 

Our  lack  of  knowledge  of  the  precise  etiology  of  pcst- 
operative  anuria  renders  the  treatment  necessarily 
empirical.  The  indication,  however,  is  clear.  The 
kidneys  should  be  flushed  with  water  as  rapidly  as 
possible,  and  every  other  avenue  of  excretion  should  be 
cleared  for  action.  Thompson  and  Kemp  have  ob- 
tained remarkable  results  by  the  introduction  through 
hypodermoclysis  of  saline  solution  directly  over  the 
region  of  the  kidneys.  Continuous  rectal  irrigation, 
however,  of  salt  solution  at  ]  20°  F.  is  probably  produc- 
tive of  the  most  good.  Dry  cups  are  often  apphed  over 
the  renal  region.  In  chosen  cases  surgical  intervention 
is  clearly  indicated,  for  a  return  of  function  often  follows 
decapsulation  or  nephrotomy. 

Pneumonia. — This  complication  is  not  infrequent. 
It  may  be  caused  by  exposing  the  patient  to  cold  either 
upon  the  surface  of  the  body  or  internally  from  the 
inhalation  of  chilled  anaesthesia  vapor.  It  is  not  so 
frequently  of  the  type  commonly  designated  lobar 
pneumonia,  and  due  to  the  pulmonary  invasion  of  the 
Micrococcus  lanceolatus,  as  that  usually  described  as 
hypostatic  or  septic.  The  hypostatic  is  a  mechanical 
affair  traceable  to  one  of  two  conditions,  viz.,  (1)  keeping 
feeble  patients  too  constantly  in  a  recumbent  position, 
and  (2)  a  failing  heart.  Septic  or  deglutition  or  in- 
halation pneumonia  is  caused  by  the  inspiration  of 
vomited  food  particles  or  septic  agents  during  anes- 
thetization or  after  operations  about  the  mouth  and 
throat.     It  may  result  in  gangrene  of  the  lungs. 

The  treatment  depends  upon  the  type  of  pneumonia 
present.  It  embraces  the  well-known  methods  pre- 
scribed for  that  disease. 

Vomiting. — Vomiting  which  persists  after  twenty- 
four  hours,  particularly  if  the  anajsthetic  has  been  given 
according  to  modern  methods,  is  apt  to  prove  a  serious 
postoperative  complication.  Tliis  not  infrequently  may 
be  of  hysterical  origin,  and  is  to  be  treated  as  such  unless 
some  definite  physical  cause  for  it  can  be  discovered. 
Aside  from  the  vomiting  which  may  follow  certain 
intracranial  operations,  and  which  may  be  ascribed  to 
intracranial  pressure,  probably  the  most  potent  cause  of 
persistent  postoperative  vomiting  lies  in  acute  dilatation 
of  the  stomach.  The  etiology  of  this  is  explained  by  the 
slipping  of  the  small  intestine  down  into  the  pelvis  owing 
to  relaxation  of  the  tissues  brought  about  by  prolonged 
anaesthesia  and  excessive  preoperative  purgation.  The 
superior  mesenteric  artery  and  the  mesentery,  if  the 
patient  be  left  continuously  in  the  dorsal  position,  both 
drag  tightly  across  the  duodenum,  thus  blocking  the 
exit  of  the  stomach.  This  organ,  affected  by  the  same 
relaxing  causes  already  referred  to,  loses  its  tone  and 
dilates.  The  treatment  for  this  condition  consists  in 
turning  the  patient  upon  the  abdomen  in  order  to 
reheve  the  tension  and  provide  an  exit  for  the  contents  of 
the  stomach;  in  hot  and  copious  irrigations  of  the  organ 
by  lavage;  sometimes  in  the  introduction  of  selective 
drugs  such  as  cocaine  or  carbon  dioxide  gas  which  act 
as  soporifics  locally,  or  cerium  oxalate,  the  action  of 
which  is  unknown,  but  sometimes  specific. 

Thrombosis. — As  a  postoperative  compHcation  after 
laparotomy  this  is  reasonably  common.  In  3,334  cases  of 
appendicitis  thrombosis  occurred  in  29  (Groves);  in  7,130 
it  occurred  in  48  (Schenck).  It  is  well  known  that 
the  left  lower  extremity  is  the  most  frequent  seat  of 
peripheral  thrombosis,  and  it  has  been  suggested  that 
this  is  due  to  the  fact  that  the  left  common  ihac  vein  is 
crossed  almost  at  right  angles  by  the  left  internal  ihac 
artery.  The  right  common  ihac  artery  also  touches  it. 
In  the  case  of  the  right  vein  no  such  source  of  pressure 
can  be  found.  A  further  source  of  pressure  on  the  left 
side  may  have  its  origin  in  the  loaded  sigmoid.  Re- 
garding the  etiology  of  thrombosis  the  reader  is  referred 
to  an  article  on  "The  Surgery  of  the  Blood- Vessels '   in 
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the  present  volume.  Suffice  to  say  here  that,  cUnically, 
post-operative  thrombosis  does  not  appear  as  a  rule  to 
be  associated  with  infection.  Anaemia  predisposes  to  it 
by  increasing  the  carbon  dioxide  in  the  blood. 

The  treatment  of  postoperati\'e  thrombosis,  if  carried 
out  according  to  mcst  recent  technique,  resolves  itself 
into  a  localization  of  the  thrombus,  an  opening  of  the 
vessel,  a  removal  of  the  clot,  and  the  subsequent  re- 
sutvring  of  the  organ.  This  method  will  have  more 
brilliant  possibiUties  when  we  have  a  better  knowledge 
of  the  cause  of  thrombosis,  and  more  accurate  means  of 
locating  the  lesion.  The  accepted  method  of  treat- 
ment consists  in  six  weeks'  rest  in  bed  and  in  giving  a 
diet  which  shall  diminish  the  coagulabihty  of  the  blood. 
Some  of  the  materials  which  affect  this  are:  oxygen, 
alcohol,  abundant  quantities  of  fluid,  citric  acid,  limited 
solid  food,  tobacco  smoking,  fruits,  and  wine.  A  bandage 
should  be  kept  on  the  extremity  for  at  least  six  months, 
and  massage  and  other  exercises  should  be  employed 
to  dilate  the  unobstructed  deep  veins. 

Acute  Cardiac  Dilatation. — In  most  of  the  cases 
reported  of  sudden  death  following  operation  and  which 
were  ascribed  to  acute  dilatation,  no  cardiac  lesion 
prior  to  operation  was  made  out.  This  coupled  to  the 
fact  that  at  autopsy  no  lesion  of  whatsoever  nature  could 
be  found,  either  in  the  heart  or  elsewhere,  and  further 
to  the  fact  that  death  in  these  little-understood  cases 
has  occurred  toward  the  end  of  a  seemingly  uneventful 
convalescence, — all  this  has  led  to  very  grave  doubt  as 
to  the  relationship  between  death  and  the  moderate 
degree  of  cardiac  dilatation  found  at  autopsy.  Oper- 
ators of  such  wide  experience  as  Richardson  and  Fowler 
state  that  in  their  opinion  the  cause  of  these  sudden 
deaths  is  unexplainable.  There  can  be  therefore  no 
prophylactic  treatment  suggested. 

Sepsis. — This  is  a  general  systemic  disturbance  re- 
sulting from  the  introduction  of  pyogenic  organisms 
into  the  body  either  through  defective  technique  from 
the  outside,  or  by  the  hberation  of  such  organisms  from 
localized  foci  within  the  patient  at  the  site  of  operation. 
The  general  conditions  resulting  from  such  an  invasion 
are  well  known.  The  first  indication  for  treatment  is 
the  removal  of  the  cause.  The  use  of  special  vrrcines 
may  or  may  not  be  indicated. 

Acidosis  or  Aceton.emia.— This  condition  is  ex- 
ceedmgly  rare  in  non-diabetics  as  a  postoperative 
complication.  Brewer  reports  in  the  Annals  of  Surgery 
xxxvi.,  p.  481,  one  case  which  terminated  fatally.  He 
says,  "  Of  the  autointoxications,  three  varieties  -oust  be 
considered,— ptomaine  poisoning,  uraemia,  and  aceton- 
aemia.^  Neither  the  acetone  nor  the  diacetic  and  ^-oxy- 
butyric  acids  are  responsible  for  the  symptoms  of  de- 
lirium and  coma,  for  animal  experimentation  has  shown 
them  to  be  harmless.  The  actual  cause  of  the  symp- 
toms probably  depends  upon  the  fact  that  the  presence 
of  these  three  bodies  reduces  the  normal  alkalinity  of 
the  blood,  diminishes  its  carbon  dioxide  carrying  power 
and  thus  overcomes  the  individual  by  rapid  carbon  di- 
oxide poisoning." 

The  symptoms  are  sweet  ethereal  odor  of  the  breath 
dehnum,  and  rapidly  fatal  coma. 

While  acidosis  is  recognized  as  a  frequent  complica- 
tion of  diabetes,  it  has  recently  been  sho^.vn  to  occur 
particularly  m  children  in  the  course  of  sepsis'  of  sap- 
rffimia;  of  bram  and  spinal  l&sions;  of  starvation  par- 
ticularly deprivation  of  carbohydrates;  and  as  a  result 
of  general  anajsthesia  both  from  chloroform  and  ether 

Local  Complications.— Under  modern  aseptic  con- 
ditions and  after  the  employment  of  proper  technique 
which  signifies  a  minimum  injury  to  the  tissues  it  is 
conservative  to  say  that  local  infection  occurs  in  less 
than  one  per  cent,  of  all  clean  cases.  Such  infection 
implies  a  healing  by  second  intention.  Infection 
however,  is  not  the  only  cause  for  the  failure  of  primary 
healing;  faulty  technique,  causing  areas  of  ischtemia 
as  well  as  a  debihtated  condition  of  the  tissues  being 
among  the  prominent  predisposing  factors. 
Air  and  Fat  Embolism.— The  entrance  of  air  into 
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the  circulation  is  occasionally  caused  by  the  accidental 
puncture  of  one  of  the  large  veins.  It  can  be  controlled 
imrnediately  by  the  filling  of  the  wound  space  with 
sterile  salt  solution  which  takes  the  place  of  the  air 
until  the  wound  can  be  closed. 

Owing  to  the  frequent  use  of  paraffin  injections  for 
the  rehef  of  certain  deformities,  it  should  be  noted  that 
fat  emboh  have  at  the  time  of  operation  found  their 
way  into  the  circulation  and  have  lodged  in  the  neighbor- 
ing artery.  The  prophylaxis  of  this  alarming  condition 
is  to  use  a  paraffin  of  high  melting-point. 

Postoperative  Rashes. — These  are  usually  the 
result  of  wound  infection,  although  this  does  not  always 
hold.  Mummery  gives  the  following  points  to  aid  in 
distinguishing  a  septic  from  a  scarlet-fever  rash:  (1)  The 
premonitory  febrile  symptoms  are  usually  absent,  the 
rash  being  the  first  thing  noticed  in  most  cases.  (2)  The 
distribution  of  the  rash  is  irregular;  it  appears,  often 
simultaneously,  all  over  the  body,  and  not,  as  in  scar- 
let fever,  on  the  neck  and  face  first.  (3)  There  are  no 
throat  symptoms  except  in  those  cases  where  the  wound 
is  in  the  throat.  (4)  The  pyrexia  is  high  and  of  the 
septic  type,  often  with  marked  intermission. 

Postoperative  Intestinal  Paresis. — It  is  often 
difficult  to  differentiate  this  condition  from  peritonitis. 
It  may  be  of  the  so-called  dynamic  type  or  of  the  para^ 
lytic  type.  Obviously  the  two  conditions  should  be 
given  very  different  forms  of  treatment. 

/.  TT'.  Draper  Maury. 

TEPLITZ.— TepUtz,  or  Teplitz-Schonau,  is  the  oldest 
spa  in  Bohemia,  and  lies  south  of  Dresden  at  a  distance 
of  about  four  hours  and  a  quarter  by  rail.  It  is  situated 
in  a  valley  at  an  elevation  of  700  feet,  and  is  surrounded 
by  attractive  scenery,  affording  many  pleasant  excur- 
sions. Not  far  away  is  the  well-known  "Saxon-Switzer- 
land," and  near  by  also  is  Eichwald,  a  resort  for  consump- 
tives, whp  go  for  the  milk  and  air  treatment.  The 
chmate  is  somewhat  variable,  still  pleasant  in  summer, 
but  cold  late  and  early  in  the  season. 

The  waters  are  of  the  indifferent  thermal  type,  of  a 
temperature  of  from  75°  to  120°  F.,  similar  to  those  of 
Plombi^res,  Bath,  Buxton,  Leukerbad,  and  many 
others.  The  waters  contain  small  quantities  of  alkalies, 
the  carbonate,  sulphate,  and  chloride  of  sodium,  car- 
bonate of  calcium,  and  a  very  httle  lithium  and  stron- 
tium carbonates.  So  they  may  be  also  classed  as  weak 
alkaline  waters. 

The  principal  method  of  using  these  waters  is  by 
bathing,  and  they  are  applicable  to  the  class  of  cases 
which  are  benefited  by  the  skilful  application  of  warm 
water  accompanied  by  the  careful  regulation  of  cue's 
mode  of  hfe. 

The  diseases  treated  at  Tepiitz  are  chronic  gout  and 
rheumatism  and  alUed  affection.s,  such  as  "sciatica, 
lumbago,  myalgia,  etc.;  functional  nervous  affections; 
some  chronic  skin  diseases,  as  eczema,  psoriasis,  prurigo, 
pruritus;  some  forms  of  secondary  syphihs;  and  slow- 
heahng  wounds  and  ulcers. 

The  baths  are  given  hot  and  tepid;  the  latter  are  said 
to  be  better  suited  for  nervous  affections  in  dehcate 
persons.  The  hot  baths  are  employed  in  cases  of  chronic 
gout  and  rheumatism,  and  the  object  in  view  is  to 
promote  the  absorption  of  exudates. 

There  are  nine  large  bath  estabhshments  with  the 
usual  equipment  for  applying  the  waters  in  various  ways. 
There  are  also  mud  or  peat  batlis  given  at  a  temperature 
of  about  100°  F.,  which  are  said  to  ha^■e  a  very  soothing 
influence.  There  are  free  pubhc  baths  for  the  poor,  and 
mihtary  hospitals  for  invahd  soldiers. 

The  water  is  used  internally  in  certain  cases,  and  in 
the  Kurgarten  mineral  water  from  other  Continental 
spas  is  supplied. 

The  physiological  effect  of  the  baths  is  stimulating 
when  applied  hot,  and  soothing  when  tepid. 

An  "after-cure"  in  the  mountains  or  at  the  seaside 
is  advised  after  these  baths. 

The  accommodations  are  very  good,  and  in  nearly  all 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


«c/t' 


Id 


til 


scho 
nid 


Fig.  5252.— Diagram  showing  the  Bran- 
chial Clefts  and  the  Glands  arising  from 
them  in  the  Shark.  (From  Hertwig,  af- 
ter de  Meuron.)  sch',  scTi',  First  and 
sixth  branchial  pockets ;  sd,  thyroid ;  th, 
thymus ;  nsd,  lateral  thyroid. 


the  bath-houses  apartments  can  be  obtained.  It  is 
said  to  be  a  less  expensive  place  than  Carlsbad.  The 
parks  and  gardens  are  very  attractive,  particularly  the 
Kurgarten  and  the  Schloss-Garten.  There  are  also  the 
us^ial  concerts,  music,  etc.  Edward  O.  Otis. 

THYMUS  GLAND,  DEVELOPMENT  OF.-Tlie  fi-st 
statements  regarding  the  development  of  the  thymus 
gland  contradicted  each  other  completely.  Arnold  '  as- 
serted that  it  arose  in  common  with  the  thyroid  from 

the  entoderm  of  the 
pharynx,  while  Bi- 
schoff "  in  general  de- 
nied tills.  Remak,^ 
in  his  great  work, 
confirmed  Arnold 
and  added  that  this 
gland  arises  from  one 
of  the  branchial 
clefts;  hut  he  was 
placed  in  doubt  after 
Ecker  had  described 
the  large  gland  in 
tlie  neck  of  the  chick 
as  the  thymus.  Prom 
now  on,  the  prevalent 
view  continued  to  be 
that  tlie  thymus  was 
mesodermal  in  ori- 
gin. 

We  can  well  un- 
derstand why  these 
various  views  should 
be  entertained  when  we  consider  that,  for  studies  of  this 
sort,  the  methods  at  that  time  were  very  crude ;  but  in 
spite  of  all  this  we  are  under  obligations  to  Remak  for 
so  much  light  regarding  many  problems  in  embryol- 
ogy, and  it  really  seems  a  pity  that  his  own  view, 
which  later  on  proved  to  be  correct,  should  have  been 
abandoned  on  account  of  his  over-caution.  By  the  more 
improved  methods,  both  KOlliker^  and  Els'*  observed 
that  the  thymus  must  be  of  epithelial  origin,  and  there- 
fore accepted  the  old  view  of  Remak.  It  may  be  added 
that  at  this  very  same  time  two  elaborate  papers  were 
published  by  Afanassiew  *  and  Watney,' in  which  they 
attempted  to  demonstrate  that  the  gland  arises  from  the 
mesoderm.  More  accurate  methods  were  now  intro- 
duced, and  it  soon  was  demonstrated  by  Stieda  *  that  in 
many  animals  the  thymus  arises  from  the  third  branchial 
pocket.  This  was  also  confirmed  by  Born «  (and  many 
others,"' "),  who  in  this  study  introduced  his  well-known 
method  of  reconstruction. 

In  the  third  part  of  his  "  Anatomic  menschl.  Embry- 
onen,"  His'  brought  forth  the  view  that  the  thymus 

arises  from  tlie  si- 
nus praecervicalis, 
and  is  therefore 
purely  ectodermal 
in  origin.  This  view 
he  attempted  to 
strengthen  in  a  la- 
ter  pubHcation,'" 
and  it  was  quite 
generally  accepted. 
Later,  however,  in 
a  response  to  a  pa- 
per by  the  author,''' 
His"  retracts  his 
older  view  and  ad- 
mits that  the  bulk 
of  the  thymus  has 
its  origin  from  the 
entodermal  lining 
of  the  third  branch- 
ial cleft.  He  there- 
:fore  considers  the  origin  of  the  thymus  still  an  open 
question,  and  until  more  careful  researches  are  made, 
accepts  the  view  of  Fischelis "  and  of  Kastschenko,'^'" 


XeplJtz. 
Thymus  (,ilau(I. 
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Fig.  5253.— Diagram  showing  the  Branchial 
Clefts  and  the  Glands  arising  from  them 
in  the  KeptUes.  CFrom  Hertwig,  after  de 
Meuron.)  sch^.  First  branchial  pocket; 
S(J,  thyroid ;  f h,  thymus ;  nsd.,  lateral 
thyroid. 


that  it  arises  from  both  ectoderm  and  ento- 
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Fig.  5251.  —  Diagram  showing  the 
Branchial  Pockets  and  the  Glands 
arising  from  them  in  the  Chick. 
(Modified  from  de  Meuron.)  sd, 
Thyroid;  sch',  first  branchial  pocket; 
th,  thymus ;  nsd,  lateral  thyroid. 


that   is, 
derm. 

Shortly  after  tlie  branchial  arches  are  formed  there 
appears  at  the  dorsal  side  of  each  cleft  a  thiokeuing  of 
the  entodermal  cells, 
which  soon  separate 
from  the  entoderm  to 
form  distinct  groups 
of  glands.  This  is  tlie 
condition  of  things  in 
low  vertebrates,  and 
as  the  scale  is  ascended 
certain  groups  become 
more  and  more  promi- 
nent, until  man  is 
reached,  when  only 
the  two  groups  from 
the  third  branchial 
pocket  remain  to  form 
the  thymus. 

In  the  fishes  tlie  gen- 
eral relation  of  these 
glands  to  the  branchial 
clefts  is  shown  in  Fig. 

5252.  These  individual  glands  are  soon  united  into  one 
large  gland  on  either  side  of  the  pharynx ;  in  the  bony 
fishes  these  groups  unite  into  one  gland  before  they  liave 
separated  from  the  pharynx.  In  the  reptiles  the  num- 
ber of  glands  are  reduced  (Fig.  5253)  to  correspond  with 
this  number  of  branchial  clefts.  Van  Bemmelen  discov- 
ered in  the  elasmobranchs  that  the  posterior  cleft,  or 
rudimentary  cleft,  produced  a  distinct  body  which  did 
not  unite  with  the  thymus.  This  he  has  termed  the 
suprapericardial  body,  and  later  its  homology  was  found 
in  many  classes  of  vertebrates.  In  many  reptiles  it  is 
unilateral,  as  shown  in  the  figure.  Considering  their 
origin,  they  seem  to  be  intimately  related  with  the  thy- 
mus, but  in  mammals  it  is  probable  that  they  are  added 
to  the  thyroid,  and  will  be  discussed  under  that  heading. 

In  birds  the  third  branchial  pocket  gives  the  main 
origin  of  the  thymus,  as  shown  in  Pig.  5254.  Here  we 
have  a  sharper  line  of  demarcation  between  ectoderm  and 
entoderm,  as  the  branchial  clefts  do  not  break  through  as 
in  fishes.  We  can  now  state  with  great  certainty  from 
what  embryonic  layer  this  gland  arises,  provided  we 
have  good  serial  sections  to  study.  Very  recently  Kast- 
schenko  discovered  a  small  gland  in  connection  with  the 
second  branchial  pocket,  but  as  yet  its  fate  has  not  been 
determined.  It  is  no 
doubt  a  remnant  of 
the  portion  of  the 
thymus  which  arises 
from  the  same  place 
in  lower  vertebrates. 
The  third  branchial 
pocket,  however,  be- 
comes very  promi- 
nent, grows  toward 
the  head,  and  is  at 
no  time  blended  with 
the  ectoderm  (Fig. 
5255).  To  be  sure,  it 
comes  in  apposition 
with  the  ectodermal 
invaginations  of  the 
clefts,     but      recent 

work  has  shown  that  these  have  to  do  witli  tlie  ganglia 
of  the  cranial  nerves,  and  do  not  unite  with  the  thymus 
as  thought  by  His  and  others.  Moreover,  it  is  by  no 
means  probable  that  these  sense  organs  of  Froriep  and 
Beard  should  suddenly  leave  the  nerve  ganglia  in  certain 
regions  and  unite  with  glands.  Both  observations  and 
principles  of  development  contradict  this.  The  fourth 
branchial  pocket,  as  well  as  a  rudimentary  fifth  (fossa 
siibbranchialis),  gives  rise  to  a  few  small  bodies,  the  na- 
ture of  which  is  not  as  yet  truly  known.  That  from 
the  rudimentary  fifth,  no  doubt,  gives  the  gland  whicli  is 
homologous  with  Van  Bemmelen's  supr«pericardial  body. 
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Fig.  5255. -Dorsal  View  of  a  Eeconstruc- 
tion  of  a  Chick  110  hours  old.  X  35. 
II,  III,  and  IV,  Branchial  pockets ;  O, 
operculum ;  S,  thyroid ;  spr,  sinus  prae- 
cervicalis ;  T,  thymus ;  X,  body  de- 
rived from  the  fourth  branchial  pocket ; 
oe,  oesophagus. 


Tltrnius  Olaud. 
Thymus  Glaud. 
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In  mammals  the  condition  of  things  is  much  simpler 
(Pig.  5356).  The  branchial  grooves  lie  on  the  outside  of 
the  body,  are  shallow  on  their  dorsal  side,  and  deep  on 
their  ventral.  As  these  arches  fall  over  one  another, 
grooves  as  vcell  as  the  third  and  fourth  arches  are 
buried  in  the  side  of  the  neck.;  while  this  is  taking 
place  a  pit  is  first  formed,  the  sinus  prcBcervicalis  of 
His. 

From  the  dorsal  side  of  the  first  groove  an  invagi- 
nation unites  with  the  ganglion  of  the  fifth  nerve ; 
from  the  second,  the  iuvagination  is  to  the  ninth 
nerve ;  and  from  tlie  third  and  fourth  it  is  to  the 
tenth  nerve.  A  section  througli  these  organs  in  the 
region  of  the  vagus  and  of  the  thymus  is  shown  in 
Fig.  5257.  The  ectodermal  invagination  is  abso- 
lutely blended  with  the  vagus  and  is  only  in  appo- 
sition with  the  thymus. 
The  pharynx  side  of 
the  branchial  clefts  pre- 
sents about  the  same  ap- 
pearance as  the  external. 
The  entodermal  lining  is 
in  the  form  of  slit-like 
pockets,  which  are  bet- 
ter called  branchial  pock- 
ets, to  differentiate  them  from 
the  ectodermal  side,  or  bran- 
chial grooves.  As  the  head 
flexes  upon  the  body  the 
pharynx  widens  near  the 
mouth  and  becomes  narrower 
where  the  trachea  is  formed. 
There  is  a  peculiar  kinking  of 
this  region  due  to  the  rotation  of  the  head.  The  first 
branchial  pocket  is  converted  directly  into  the  Eustachian 
tube ;  the  second  disappears  completely ;  the  third  forms 
the  thymus  (Fig.  5358);  and  the  fourth  becomes  rudi- 
mentary and  gives  rise  to  the  auxiliary  thyroid  glands. 

The  general  appearance  in  the  human  embryo  is  quite 
similar  to  that  in  other  mammals,  as  Fig.  5359  shows. 
Already  in  this  early  stage  of  development,  the  third 
branchial  pocket  shows  an  ingrowth  which  indicates  the 
origin  of  the  thymus.  The  portion  of  the  cleft  repre- 
sented by  the  fundus  (F)  is  not  continuous  with  the  thy- 
mus tube,  and  no  doubt  never  plays  any  part  in  its  for- 
mation. 

The  general  view  of  the  branchial  pockets  in  a  human 
embryo  is  shown  in  Fig.  5260.  The  whole  pharynx  is 
represented  as  a  cast  and  the  branchial  pockets  are  rep- 


soon  becomes  separated  from  the  pharynx  and  then  grows 
into  the  thorax. 

Before  the  thymus  is  separated  from  the  pharynx  it 
contains  a  distinct  lumen.     This  is  soon  lost  in  birds. 


Jttsd: 


Fio.  5266.— Diagram  showing 
Branchial  Pookets,  and  the 
Glands  arising  from  them  in 
the  Human  Embryo,  .sch', 
mti*.  First  and  second  bran- 
chial pockets;  fft,  thymus; 
.sd,  thyroid;  nscJ,  lateral 
thyroid. 


Fig.  5238.  —Dorsal  Eeconstruction  of  the  Branchial  Region  of  a  Dog's  Embryo, 
10  mm.  long.  X  25.  iV/,  JV",  Ganglia  of  facial  and  vagus  nerves;  BBP', 
BB.P\  branchial  pockets:  BBG,  branchial  grooves;  A',  A*,  aortic 
arches;  B^,  aortic  bulb;  Tr.,  trachea;  M.ex.,  external  meatus  of  the 
ear ;  S.  thyroid;  T,  thymus ;  F.PB.,  fundus  prsecerTlcalis. 


where  the  th3'mu3  grows  toward  the  head.  In  mam- 
mals, where  the  thymus  grows  into  the  thorax,  tlie  upper 
part  contains  a  lumen,  while  the  lower  part  grows  by  a 
mass  of  sprouts  (Fig.  5261).  This  continues  for  quite  a 
while  until  the  whole  organ  is  lobulated.  New  blood- 
vessels and  lymph  cells  grow  through  the  epithelial  gland 
and  change  its  nature.  The  entodermal  cells  become 
packed  together  into  the  Hassal's  concentric  bodies  as 
shown  by  Maurer  for  the  fishes,  and  by  Ecker'»  and  by 
His ''  for  mammals.  These  bodies  correspond  with  the 
"  pearls  "  in  carcinomata,  which  are  present  in  cancers, 
that  arise  from  the  whole  epidermis,  as  well  as  those  from 
the  oesophagus.  The  Hassal's  bodies  do  not  therefore 
indicate  that  the  thymus  arises  from  the  ectoderm. 

During  the  first  two  years  of  life  the  organ  continues 
to  grow  and  the  two  halves  gradually  approach  each 
other  more  and  more,  until  they  seem  as  a  single  body. 
It  now  lies  Immediately  in  front  of  the  heart,  and  often 


FIG.  6257.-Sectlon  through  the  Thymus  and  Fundus  Praecerricalls  of 
a  Tog's  Embryo,  10  mm.  long.     X  80.    Ph.,  Pharynx ;   A',  A*. 
aoi tic  arches;  S.Pr.,  ainus  praecervlcalis ;    F.X,  Jugular  vein;   T 
thymus  still  in  connection  with  the  pharynx. 

resented  by  the  figures  1,  3,  3,  and  4.     It  is  the  one 
marked  3  which  is  destined  to  become  the  thymus.     It 
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Fig.  5259.— Section  through  the  Branchial  Region  of  a  Human  Em- 
bryo, Five  Weeks  Old.  (From  Minot,  after  His.)  11,  III,  TV, 
Branchial  arches ;  Sp,  second  branchial  grooves ;  Ip,  Inf  undlbulum 
prsecervlcale ;  F,  fundus  of  the  infundibulum  ;  3,  4,  third  and 
fourth  branchial  pockets,  with  the  thymus  arising  from  the  third; 
Ao',  Ao^,  aortic  arches ;  Ep.,  epiglottis ;  IX,  glosso-pharyngeal 
nerve  ganglion;  XII,  hypoglossal  nerve;  nl,  superior  laryngeal 
nerve. 

sends  two  horns  which  extend  on  either  side  of  the  neck 
to  the  thyroid,  as  is  the  case  in  the  birds.  From  now  on, 
the  organ  gradually  atropines. 

In  the  study  of  the  human  embryo  Sudler "  finds  no 
indication  of  the  thymus  in  a  human  embryo  of  the  sec- 
ond week,  but  in  one  of  the  fourth  week  the  third  vis- 
ceral pouch  appears  as  a  ridge  with  a  ventral  free  end, 
with  no  differentiation  of  tissue  to  suggest  a  thymus.    In 
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an  embryo  four  and  one-half  weeks  old  this  ridge  lias 
disappeared  and  the  third  visceral  pouch  projects  out 


Fig.  5200. — Reconstruction  of  a  Human  Embryo  Four  Weeks  old. 
(No.  2.^  Enlarged  sixteen  times,  and  viewed  from  the  left  side.  H, 
Hypophysis  ;  1,  2,  3,  and  4,  branchial  pockets ;  if,  mouth  ;  A,  auri- 
cle; F,  ventricle ;  AD,  descending  aorta;  L,  lung;  S,  stomach; 
P,  pancreas. 

directlj-  from  the  pharynx  (Fig.  5263).  In  the  next 
stage,  of  about  five  weeks,  it  is  very  similar  to  one  de- 
scribed by  Born,  in  which  the 
thymus  has  become  completely 
separated  froin  the  pharynx,  and 
its  original  hollow  is  reduced  to  a 
crescent-shaped  opening  which  is 
ciuite  characteristic  of  the  gland 
at  this  stage.  The  thymus  now 
is  a  curved  elongated  body  with 
an  enlarged  cephalic  end.  The 
lower  end  of  this  and  the  thyroid 
(Fig.  5263)  run  parallel,  though 
without  coming  in  contact  with 
each  other  till  the  thyroid  bends 
abruptly  and  crosses  the  middle 
line.  An  embryo  slightly  older 
i;  -i^  shows  practically  the   same   con- 

6   r  *  ditions,  the  differences  being  that 

t   ^  'Si  the   enlarged   head    is    relatively 

■-  *  smaller  and  the  general  curve  of 

the  thymus  is  less.  A  small  proc- 
ess projects  dorsally  and  laterally. 
In  an  embryo  of  the  sixth  week 
the  relative  position  of  the  thy- 
mus is  lower  and  the  division  into 
different  areas  has  disappeared. 
The  head  of  the  thymus  is  only 
slightly  enlarged  and  the  thymus 
and  thyroid  have  both  approached 
the  middle  line  at  the  aboral  end 
though  still  without  meeting.  In 
an  embryo  slightly  older  tlie  thy- 
mus is  still  lower,  so  that  the  thy- 
roid is  higher  even  than  the  head 
of  the  thymus.  The  whole  of  the 
thymus  projects  beyond  the  thy- 
roid and  is  nearer  the  middle  line. 
The  oldest  embryo  studied  was 
Sem'?n\''TTe  one  of  the  seventh  week,  wliich 
gland.  shows  the   thyroid    rudiment    as 

having  sunken  relatively  still 
lower  It  is  in  contact  with  the  thyroid  along  half  of 
its  upper  surface,  the  lower  end  being  free.  In  this  free 
half  the   thymus  and  the  thyroid  approach  each  other 


/    -^f ^ 
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TIR.  5261. -Thymus  of  a 
Rabbit  Embryo  Sixteen 
Days  Old.  (After  von 
KoUiker.)  a.  Duct  of 
the  thymus ;    6,  head  of 


and  meet  in  the  middle  line  wliere  llie  cuds  are  slightly 
swollen  and  hend  ventrally.  This  appears  to  be  a  be- 
ginning of  the  folding  of  tlie  tliymus  found  in  the  adult 
organ.      In    this  embryo   tlio  tliymus   shows  the  same 


I 

I 


Fig.  .52t)2.— Lateral  View  of  a  Human  Embryo  Four  and  One-half 
Weeks  Old  (No.  163).  Enlarged  ten  times.  (After  Sudler.)  Hyp., 
Hypophysis;  Oe,  oesophagus ;  T/(7/r.7n.,  median  thyroid  rudiment ; 
T»-,  trachea  ;  V.F'^-V.Pi'',  first  to  fourth  visceral  pouches. 

lack  of  Ijilateral   symmetry  wliich  is  apparent  in   the 
development  o£  the  pliarynx  in  the  human  embryo  as 


FIG  5263.— Lateral  View  of  the  Pharynx  of  a  Human  Embryo  Five 
Weeks  Old  (No.  109).  Enlarged  ten  times.  (After  Sudler.J  JV, 
Nose- i,  larynx;  Tr,  trachea:  Thym,  thymus;  T/iyi-.ra.,  median 
thyroid  ;  V .F'^-YP",  first  to  fourth  visceral  pouches. 

well  as  that  of  some  other  animals.     In  this  the  rudi- 
ment extends  a  little  higher  on  the  right  side  than  on 

the  left.  .  ..,<.■ 

From  the  study  of  these  embryos  it  is  apparent  tliat  m 
man  the  rudiment  of  the  thymus  arises  from  the  entoderm 
of  the  third  visceral  pouch.  Franklin  P.  Mall. 
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THYROID  GLAND,  DEVELOPMENT  OF— Shortly 
after  Rathke  discovered  the  branchial  arches  in  higher 
animals,  Huschke '  advanced 
the  idea  that  the  thyroid 
gland  arises  from  the  first 
arch.  Later,  hovfcver,  he 
states  that  after  the  arches 
disappear  the  thyroid  remains 
as  their  remnant.''  A  year 
later,  Rathke  ^  asserted  that 
the  thyroid  arises  as  a  bilat- 
eral organ  from  the  posterior 
part  of  the  trachea,  imme- 
diately behind  the  larynx. 
This  view  was  affirmed  by 
Arnold.''  Bischoii '  accepted 
neither  of  these  views,  but 
added  a  third.  According  to 
him,  the  thyroid  arises  as  a 
bilateral  organ  from  the 
blood-vessels  on  either  side 
of  the  neck. 

The  first  careful  investiga- 
tions were  made  by  Remak* 
upon  the  chick.  In  this  sub- 
ject, as  well  as  in  many 
others  in  embryology,  he  was  the  first  to  give  accurate 
information.  He  found  that  the  thyroid  is  entodermal  in 
origin  and  arises  from  the  ventral  median  line  of  the 
pharynx.  At  first  it  appears  as  a  single  vesicle,  which 
soon  divides  into  two  parts,  each  half  lying  on 
either  side  of  the  trachea.  Gbtte,'  MilUer,* 
and  Seessel'  confirmed  Remak's  views  in  gen- 
eral, differing  only  in  minor  points.  They  dis- 
cussed whether  or  not  the  organ  divided  is  a 
vesicle  or  is  a  solid  body,  although  none  of 
them  found  stages  in  which  the  thyroid  was 
dividing.  Reraak  placed  the  origin  of  the 
thyroid  at  seventy -nine  hours  in  the  chick; 
Miiller  in  the  third  day;  and  Seesselvery  defi- 
nitely in  the  second  day  before  the  head  flexed 
upon  the  body. 

His '"  revived  the  old  view  of  Rathke  by 
discovering  that  certain  bodies  arise  from 
either  side  of  the  pharynx ;  he  believed  them 
to  be  the  thyroid  and  the  auxiliary  thyroid  of 
Remak.  According  to  the  illustrations  which 
accompany  his  paper,  the  gland  arises  from  the 
branchial  cleft  between  the  second  and  third 
aortic  arches,  therefore  the  second  cleft.  Later, 
however,  he  abandoned  this  view  and  accept- 
ed that  of  Seessel,  who  worked  under  his 
guidance.  Later,  KOHiker"  accepted  the  old 
Remak-Seessel  view  for  the  rabbit,  as  His"" 
did  for  man. 

This  group  of  excellent  workers  seemed  to  set  the  sub- 
ject aside  for  a  while,  but,  immediately  following  their 
work,  two  authors  simultaneously  described  the  thyroid 
as  being  bilateral  in  origin,  arising  from  a  branchial  cleft 


Fig.  5264.  —  Reconstruction  of 
the  Mouth  of  a  Chick  Eighty- 
eight  Hours  Old.  The  floor  of 
the  mouth  is  exposed  by  cut- 
ting off  the  back  of  the  bead. 
Dorsal  yiew.  X  20.  T..  Tu- 
berculum  impar,  back  of 
which  is  the  opening  of  the 
thyroid ;  II,  III,  branchial 
arches ;  3, 4,  third  and  fourth 
aortic  arches. 


on  either  side  of  the  neck.  Stieda'"  proved  definitely 
that  a  glandular  organ  arises  from  the  clefts  on  either 
side  of  the  neck,  but  did  not  know  from  which  cleft, 
although  he  was  inclined  to  accept  the  fourth.    WOlfler  " 


Fig.  52a5.— Alimentary  Canal  of  a  Human  Embryo.  X  20.  (After 
His.)  Uk,  Lower  jaw ;  Sd.,  thyroid ;  Lg.,  lung ;  Mg.,  stomach ;  P., 
pancreas ;  Lbg.,  bile  duct ;  W.,  Wolffian  duct. 

did  not  employ  very  accurate  methods,  and  therefore  got 
the  location  of  the  origin  of  the  gland  in  the  first  bran- 
chial cleft — the  one  which  later  forms  the  Eustachian 
tube.  He  was  so  enthusiastic  over  his  discovery  that  he 
denied  altogether  a  median  thyroid,  although  he  had 
never  seen  the  thyroid  in  connection  with  any  cleft. 
Discussions  naturally  bring  forth  more  accurate  investi- 
gations, and  in  this  case  they  bore  their  fruits  in  Born's 
paper.'*  The  paper  of  Born  not  only  threw  a  great  deal 
of  light  upon  the  subject  in  question,  but  also  added 


Fig.  5366.— Profile 
N\  iy/«,  iV»,  N' 
auditory  vesicle; 
descending  aorta 


Reconstruction  of   a   Dog's   Embryo,   6   mm.  long.      X  25. 
°,  ganglia  or  cranial  nerves;  I,  II,  branchial  arches:   AV„ 
Tr.,  trachea;    OiS.,  (Esophagus;    F.J".,  jugular  vein;  A.D.,. 
B.A.,  bulbus  aorta3 ;  S.,  thyroid  gland. 


greatly  to  our  methods  of  investigation.  He  introduced 
a  method  which  to  us  now  seems  so  logical  that  it  is  a 
surprise  that  it  was  not  employed  earlier.  He  began 
with  embryos  of  the  pig  before  the  thyroid  appeared,  and 
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Thyroid  C>ilaud. 
Thyroid  Gland. 


followed  them  stage  by  stage  until  the  organ  was  fully- 
formed.  In  each  stage  the  enlarged  sections  were  drawn 
upon  wax  plates  of  the  proper  thickness,  then  cut  out 
and  the  pieces  piled  vipon  one  another,  thus  forming  very 
accurate  models  of  tlie  various  specimens  studied.  He 
then  followed  the  lateral  thyroids  of  Stieda  and  WOltler, 
and  found  that  later  on  they  were  added  to  the  mediau 
thyroid  of  Remak.  The  great  difficulty  was  therefore 
solved  by  this  method.  Instead  of  these  various  authors 
contradicting  one  another,  they  in  reality  described  cor- 
rectly only  different  portions  of  the  same  story.  Accord- 
ing to  Born  the  lateral  thyroids  arise  from  the  fourth 
branchial  clefts.  Since  then,  Bern's  view  has  been  con- 
firmed in  a  variety  of  mammalian  embryos  by  different 
writers- '*-'* 

The  subject  of  the  origin  of  the  thyroid  and  thymus 
{see  Thymus)  has  been  greatly  complicated  by  a  group  of 
glands  which  arise  from  the  degenerating  branchial  clefts 
and  form  the  so-called  auxiliary  thyroid  glands.  From 
a  phylogenetic  standpoint  all  glands  which  arise  from  the 
clefts  must  be  viewed  as  thymus.  The  great  bulk  of 
thyroid  arises  from  the  ventral  wall  of  the  pharynx  in 
the  region  of  the  second  cleft.  As  the  clefts  gradually 
disappear  in  the  evolution  of  the  vertebrates,  the  glands 
from  the  hindermost  clefts  no  longer  unite  with  the  main 
bulk  of  the  thymus,  and  often  remain  as  distinct  glands 
— the  supra  pericardial  bodies  of  vanBemmelen,  accessory 
thyroids  of  de  Meuron,  post-branchial  body  of  Maurer, 
or  as  the  corpus  Y  of  the  writer.'"  In  the  mammals  the 
main  bulk  of  the  thymus  arises  from  the  third  cleft,  and 
the  auxiliary  thyroids  seem  to  unite  with  the  median 
thyroid  as  described  by  Born.  In  spite  of  the  great 
amount  of  work  which  has  been  done  upon  this  subject, 
it  still  seems  to  the  writer  that  there  is  yet 
-considerable  darkness  regarding  it. 

The  general  view  is  that  the  thyroid  has 
three  distinct  origins  in  nearly  all  vertebrates 
— a  median  and  two  lateral.  The  median 
arises  from  the  ectoderm  of  the  middle  line  in 
the  neighborhood  of  the  second  branchial  arch 
.(Fig.  5264),  and  the  lateral  from  the  most 
posterior  branchial  clefts;  in  mammals,  the 
fourth. 

The  median  thyroid  arises  in  all  vertebrates 
from  the  entoderm  of  the  pharynx  shortly 
after  the  branchial  arches  are  well  formed 
(Fig.  5265).  This  has  been  known  since  the 
time  of  W.  Milller,  and,  although  contra- 
. dieted  many  a  time,  has  of  late  been  verified  by  so 
many  careful  observers  that  there  is  no  longer  any  doubt 
whatever  regarding  it.  In  some  mammals  (the  dog,  for 
instance)  it  arises  as  a  vesicle,  which  becomes  solid  before 
it  separates  from  the  pharynx,  and  when  separated  soon 
becomes  lobulated.  It  now  gradually  shifts  Itself  into 
the  tissue  of  the  neck,  and  in  early  stages  lies  in  front  of 
the  aorta  just  as  it  leaves  the  heart  (Fig.  6266).  The 
median  gland  now  becomes  constricted  into  two  parts, 
■one  of  which  is  situated  on  either  side  of  the  neck,  but 
they  remain  connected  by  a  band— the  isthmus.  Its  ori- 
gin in  the  human  embryo  is  much  the  same  (Figs.  5267 


ever,  the  formation  of  the  ligamentum  hypothyroidenm 
cuts  the  duct  (d.  thyreoglossus)  into  two,  thus  forming 
two  ducts.  The  half  communicating  with  the  mouth 
has  been  termed  by  His  ducUis  Ungualu,  and  the  one  with 


ilim 


Fig.  5208.— Reconstruction  of  the  Thyroid,  Thymus,  and  Pharynx  of 
a  Human  Embryo  Five  Weelis  Old.  (Slightly  modified  from  His.) 
tftm,  Thymus;  thr,  thyroid;  c,  carotid;  ao',  ascending  aorta; 
ao,  descending  aorta;  fr.,  trachea. 

the  thyroid  as  the  ductus  t?iyroideus.  His  has  found  the 
ductus  lingualis  in  five  adults,  and  in  all  cases  the  duc- 
tus thyroideus  was  present  also.  The  latter  is  always 
embedded  in  a  median  lobe  of  the  thyroid,  and  tlie  former 
opens  into  the  foramen  ciEcum  of  the  tongue.  The  duc- 
tus thyreoglossus  may  be  broken  into  a  series  of  vesicles, 
as  first  described  by  Verneuil,  but  as  a  rule  it  disappears 
fully,  its  only  remnant  being  the  foramen  ceecum.* 

The  lateral  thyroids  were  first  demonstrated  by  Stieda 
and  by  Born,  although  Rathke,  His,  and  others  had  in  all 


Fig.  .5269. 


FIG.  5270. 


Tig.  5367.— Pharynx,  Thyroid,  and  Thymus  of  a  Human  Embryo, 
X  25.  ■  (From  Quain,  after  His.)  tr..  Tongue ;  /c,  foramen  caecum; 
ep.,  epiglottis ;  thm.,  thymus;  t?ir.,  median  thyroid ;  tftr',  lateral 
thyroid ;  d,  ductus  thyreoglossus. 

and  6268).  According  to  His,  it  remains  a  vesicle  for 
quite  a  long  time,  and  the  separation  from  the  pharynx 
occurs  quite  late  or  may  not  take  place  at  all.    Later,  how- 


Figs.  5289  and  5370. —Diagrams  of  Two  Stages  of  the  Development  of  the  Lateral 
Thyroids.  (Slightly  modified  from  Bom.)  R,  Border  of  the  pharynx  ;  T.,  thymus; 
G,  glottis ;  i.S.,  lateral  thyroids. 


probability  described  them  from  time  to  time.  The  true 
meaning  of  them  was  fully  made  out  by  Born  and  by  de 
Meuron,  the  former  having  discovered  that  they  unite 
with  the  median  tliyroid  in  mammals,  the  latter  having 
studied  them  from  a  comparative  standpoint.  Diagrams 
of  the  branchial  pockets  for  some  of  the  diflierent  classes 
of  vertebrates  are  given  in  the  article  Thymus,  and  by 
them  it  is  shown  that  a  rudimentary  branchial  pocket 
exists  in  all  of  the  classes.  In  certain  reptiles  there  is 
but  a  single  one  on  the  left  side,  the  one  on  the  right  not 
having  developed.  We  can  view  this  state  of  things 
only  as  an  intermediate  one  between  the  reptiles  (in  which 
they  develop  on  both  sides)  and  the  birds.  In  all  classes 
the  hindermost  cleft  gives  rise  to  a  distinct  gland  known 
as  the  suprapericardial  body  of  van  Bemmelen  and  as  the 
accessory  thyroid  of  de  Meuron.  ^s-'"  In  the  selacians 
these  bodies  remain  far  away  from  the  median  thyroid, 
and  they  never  unite  with  it.  In  higher  animals  they 
gradually  approach  the  median  thyroid  nearer  and  nearer, 
and  in  mammals  they  unite  completely  with  it.  Fig. 
5268  shows  the  general  relation  of  these  glands  in  a 
human  embryo  before  the  lateral  thyroid  is  fully  sepa- 
rated from  the  pharynx.  Figs.  5269  and  5270  show  two 
stages  in  which  the  lateral  thyroid  is  approaching  and 
uniting  with  the  median.     This  is  brought  about  by  a 


*  From  the  standpoint  of  evolution  it  is  interesting  to  note  that 
Dohm^'  has  advanced  the  hypothesis  that  the  thyroid  represents  a 
lost  branchial  cleft.  These  speculations  are,  of  course,  the  natural 
outcome  when  genetic  relation  is  taken  into  consideration  in  the 
study  of  comparative  embryology. 
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double  shifting.  The  median  thyroid  sinlis  deeper  and 
deeper  into  the  tissue  of  the  neck,  and  practically  lies  in 
contact  with  the  lateral  thyroids  before  they  separate 
from  the  pharynx.  When  these  in  turn  separate  from 
the  pharynx  they  are  shoved  into  the  tissue  of  the  median 
thyroid  instead  of  into  the  ordinary  mesoderm  tissue  of 
the  neck. 

It  will  be  noticed  that  the  lateral  thyroids  do  not 
always  arise  from  tlie  same  branchial  clefts :  in  selacians 
from  the  seventh ;  in  reptiles  from  the  fifth ;  in  mammals 
from  the  fourth.  It  is  only  in  mammals  that  they  really 
unite  with  the  median  thyroid.  Viewing  the  thing  from 
the  standpoint  of  homology,  what  is  lateral  thyroid  in 
mammals  is  thymus  in  lower  animals ;  in  both  selacians 
and  reptiles  the  fourth  cleft  gives  rise  to  a  portion  of  the 
thymus.  We  must  therefore  view  the  lateral  thyroid  as 
a  portion  of  the  thymus  which  is  now  united  with  the 
thyroid.  In  lower  animals  the  secondary  union  of  the 
gland  from  degenerating  clefts  with  the  median  thyroid 
does  not  take  place,  and  they  remain  in  the  tissue  of  the 
neck,  as  in  the  auxiliary  thyroid  glands,  which  have  per- 
plexed so  many  investigators.  According  to  Kastschenko 
the  lateral  thyroid  of  mammals  plays  a  very  minor  part 
in  the  formation  of  the  mature  organ,  while  according  to 
His  it  forms  the  major  part.  A  true  blending  of  the  two 
does,  however,  take  place,  as  shown  by  the  investiga- 
tions of  Born  and  of  His  (Pig.  5371). 

The  further  development  of  the  thyroid  is  by  means  of 
sprouting,  so  that  the  enlarged  organ  is  a  plexiforni  mass 
of  cyhnders  ,of  epithelial  cells.  Blood-vessels  grow  in 
between  them,  and  soon  the  cylinders  show  constrictions 
which  cut  them  up  again  and  again.  They  now  become 
hollow,  and  at  the  same  time  there  is  a  secretion  of  the 
colloid  substance.  The  cut-up  cylinders  become  more 
and  more  distended,  and  thus  the  adult  thyroid  is  com- 
posed of  a  mass  of  hollow  spheres  covered  with  a  layer 
of  epithelial  cells  and  filled  with  colloid  substance. 
When  half  of  the  thyroid  is  removed  by  an  operation  or 
otherwise,  the  remaining  portion  soon  loses  its  colloid 
and  returns  to  its  "embryonic  state."  It  enlarges  to  its 
former  size  and  again  forms  the  colloid  spheres  much 
after  the  fashion  it  did  in  the  embryo."' 

In  the  human  embryo  Sudler"'  finds  the  thyroid  rudi- 
ment in  the  earliest  one  studied,  an  embryo  at  the  end  of 
the  second  week.  It  appears  as  a  rounded  eminence  on 
the  ridges  uniting  tlie  first  pair  of  visceral  pouches.  Its 
outline  is  elliptical,  being  broader  from  side  to  side  than 
it  is  ventrodorsally.  This  is  the  rudiment  of  both  the 
thyroid  gland  and  the  ductus  thyreoglossus. 

In  an  embryo  of  the  fourth  week  the  rudiment  appears 
as  a  solid  body  extending  dorsally  from  the  apex  of  the 


riG.  5271.-Section  through  the  Thyroid  of  the  Embryo  of  thp  Via 
21.5  mm.  long.  X  80.  (From  Hertwig.  aftpr  IJorn  )  fr  Trnnhif: 
LS.,  lateral  thyroid ;  MS,  median  thyroid ;  g,  o  bTood-vesselt        ' 

fpfj'  IZf-.^^  r^  ^'^  "J'f '".^  ^^  *^° ^'^*'  ^'sceral  pouches 
(Fig.  5273).  _  Just  oral  to  it  is  the  hollow  cavity  reore- 
sentmg  the  inner  of  the  second  vi.sceral  arches  anddirect- 
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ly  aboral  is  the  hollow  cavity  representing  the  tubercu- 
lum  impar.  Its  appearance  is  that  of  a  knob  on  a  short 
slender  stem.  The  fourth  visceral  pouch  at  this  stage 
shows  no  thickening  or  development  into  the  lateral  thy- 
roid rudiment. 

In  an  embryo  of  four  and  one-half  weeks  the  thyreo- 
glossal  duct  remains  as  a  small  conical  eminence  on  th« 


T.i." 


Thyr.m.--^^i 


FIG.  5272.— Ventral  View  of  a  Model  of  the  PljaryDx  of  an  Embryo 
Four  Weeks  Old  (No.  2).    (After  Sudler.)    JIj/p.,  Hypophysis:  Oe 
cesophagus ;   T.i.,  depression  of  the  tubereulum  impar :   Thyr  m 
median  thyroid  rudiment ;  Tr.,  trachea ;   VP^VPiy,  first  to  fouroi. 
visceral  pouches. 

ridge  connecting  the  first  visceral  pouches.  It  is  at  the 
junction  of  the  tubereulum  impar  and  the  two  dorsal 
ludiments  of  the  tongue  (Fig.  5373\  The  median  thy- 
roid rudiment  has  become  entirely  disconnected  and  has 
sunk  to  the  level  of  the  third  visceral  fold.  It  has  spread 
out  laterally  and  has  a  bilobed  structure.    The  left  lobe 


D.Th.gl:— 

Thyr.m.- 


YE"" 
■VP.w 


Fig.  5273.— Ventral  view  of  a  Model  of  the  Pharynx  of  an  Embryo 
Four  and  One-half  \Veeks  Old  (No.  163) .  (After  Sudler.)  D^Th.gl, 
ductus  thyreoglossus. 

is  much  the  longer  and  approaches  closer  to  the  floor  of 
the  mouth  than  the  right.  In  this  the  fourth  visceral 
pouches  appear  as  two  ventral  projections  with  enlarged 
knobs  bent  sharply  dorsal. 

In  an  embryo  of  five  weeks  the  median  thyroid  rudi- 
ment has  become  U-shaped,  though  the  left  arm  is  much 
longer  than  the  right  (Pig.  5274).  Its  outline  is  quite 
irregular.  In  this  the  transverse  part  of  the  U  which 
runs  across  the  middle  line  has  sunk  to  the  level  of  the 
fourth  visceral  pouch.  This  part  shows  the  usual  net- 
work structure  formed  by  cords  of  solid  cells.  The  arms 
are  crescentic  in  cross  section,  with  the  hollow  looking 
away  from  the  middle  line  and  embracing  the  thymus, 
although  the  two  do  not  come  in  contact.  The  lateral 
tliyroid  rudiments,  which  consist  of  hollow  tubes  sur- 
mounted by  solid  expansions,  are  still  connected  with  the 
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pbarynx.  Tlie  two  sides  are  unsj^mmetrical.  On  the 
right  side  the  ventral  knob  is  smaller  than  the  dorsal, 
while  on  the  left  they  are  about  equal  in  size  and  placed 
on  tlie  same  level. 

In  an  embryo  only  slightly  older  tlio  median  thyroid  is 
still  U-shaped,  though  the  right  arm  is  still  smaller  than 

/DJh.gl. 


Vl>."(ngnf.l)- 


..^^.?p'{Th:^i) 


Fig.  5274.- 


-Ventral  View  of  the  Pharynx  of  an  Embryo  Flva  Weeks 
Old  (No.  109) .    (After  Sudler.) 


in  the  last  and  not  so  long  as  the  one  on  the  left  side. 
The  lateral  rudiments  show  in  this  embryo  the  greatest 
lack  of  symmetry  of  any  of  those  studied  by  Sudler  (Fig. 
5375).  The  right  rudiment  is  still  connected  with  the 
pharynx  by  a  small  hollow  stalk,  while  on  the  left  side 
this  connection  has  entirely  disappeared.  On  the  right 
side  the  ventral  knob  touches  the  middle  of  the  right  arm 
of  the  median  rudiment,  but  there  is  no  histological  con- 
tinuity, whereas  on  the  left  .side  the  ventral  knob  not  only 
touches  the  median  rudiment,  but  there  is  actual  conti- 
nuity. As  in  the  embryo  described  before,  the  ventral 
knob  on  the  right  side  is  much  smaller  than  the  dorsal 
one,  while  on  the  left  side  they  are  of  almost  the  same  size. 
The  median  and  lateral  thyroid  rudiments  have  united 
on  both  sides  in  an  embr3'o  of  the  sixth  week,  and  all 
connection  with  the  pliarynx  has  disappeared.  They  still 
appear  as  distinct  rudiments. 

In  a  slightly  older  stage  the  lateral  rudiments  and  the 
median  have  so  completely  united  that  all  tliere  is  to  show 
that  they  were  once  separate  are  a  few  prominent  lobules 
at  their  point  of  union.  The  loop  of  the  U  has  become 
smaller  and  the  arms  larger,  and  they  have  become  lobu- 
lated,  so  approaching  the  condition  of  the  adult  gland. 
In  the  last  embryo  studied,  one  of  the  seventh  week, 

the  shape  is  al- 
most that  of  the 
adult  thj'roid. 
The  two  lateral 
lobes  are  pyri- 
form  and  are 
connected  by  a 
small  isthmus, 
which  is  at- 
tached to  them 
at  the  smaller 
end. 

In  the  human 
embryo,  as  well 
as  in  the  bird 
and  some  of  the 
mammals,  the 
pharynx  devel- 
ops more  slowly 
on  the  right  side 
than  on  the  left, 
and  the  most 
striking  exam- 
ple of  this  is  in  the  thyroid.  This  may  be  due  to  the 
development  of  the  heart  and  the  bending  of  the  head  to 
the  left. 

From  these  different  embryos  Sudler  draws  the  con- 
clusion that  "the  thyroid  arises  in  the  human  embryo 
from  the  union  of  a  median  rudiment  situated  at  the 
point  of  junction  of  the  tiiberculum  impar  and  the  two 
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Fig.  5275.— Dorsal  View  of  the  Pharynx  of  an 
Embryo  13  mm.  long  (No.  17.5).  (After 
Sudler.)  The  lateral  thyroid  on  one  side  is 
attached  to  the  pharynx  and  on  the  other  is 
separated  from  it. 


dorsal  rudiments  of  the  tongue  with  a  paired  rudiment 
arising  as  a  differentiation  of  a  lining  of  the  fourth  vis- 
ceral pouch."  Franklin  P.  Mall. 
Eefekences. 

•  Huschke  :  Isls,  1826. 
'  Huschke :  Isis,  1827. 

I  Rathke :  Nova  acta,  phys.-med.  Abthlg.,  LLC,  Bonn  1828 

•  Arnold :  Mediclnlsch-chirurg.  Zeltung,  1831 

'  Bischofr :  EntwicklungsReschichte,  Leipsic,  1842. 
'  Remak :  Entwickl.  d.  Wirbelthiere,  Berlin,  1&55. 
'  G6tte :   KitwicklungsKeschichte  des  Darmcanals  Im  Huhnchen, 

»  Miiller,  W. :  Entwickl.  d.  Schilddruse,  etc. 

•  Sees,sel :  His  u.  Braune's  Archly,  1877. 

lolo  '"^  ■  Untersuch.  uber  die  erste  Anlage  des  Wlrbelthieres,  Leipsic, 

"  KBlliker:  Entwicklungspre.schichte,  1879. 
'"  His:  Anatomle  mensch.  Embrvonen,  1880. 
"  Stieda:  Untersuchung  ilber  die  Entwickl.  der  Gl.  Thymus,  Gl. 
Thyreoidea,  etc.,  Leipsic,  1881. 
'*  WOmer :  Entwieklung  u.  Bau  der  Schilddriise,  Berlin,  1881. 
">  Bom :  Arch.  f.  mik.  Anat.,  1883. 
"  KSlllker:  Grundriss,  1884. 
"  His:  Anat.  mensch.  Enibryonen,  ill ,  1885. 
'*  Frorlep  :  His  und  Braune's  Archly,  1883. 
"Mall:  26i(J.,  1887. 
"  Kastschenko :  Jbid.,  1887. 
='  Kastschenko:  Archly  f.  mik.  Anat.,  Bd.  30. 
"  Flschells  :  Ibid..  1885. 
'=  De  Meuron  :  Inaug.  Diss.,  Genfeye,  1886. 
"  Mall :  Studies  from  the  Biol.  Lab.,  Johns  Hopk.  Univ.,  1888. 
"  Plersol :  Zeit.  f .  wlss.  Zool.,  Bd:  42. 
'"  Mall :  Journal  of  Morphology,  vol.  v. 
^'  Dohrn  :  Mitt.  a.  d.  zool.  Station  z.  Neapel,  Bd.  6  u.  7. 
'*  Van  Bemmelen :  Kin.  Akad.  d.  Wet.  Amsterdam,  Afd.  Nat.,  1885. 
"  Van  Bemmelen :  Zool.  Anz.,  1886,  1887. 
=°  Van  Bemmelen  :  Anatom.  Anz.,  Bd.  4. 
"  Halsted :  Johns  Hopkins  Hospital  Report,  vol.  i. 
"  Sudler :  Amer.  Journ.  of  Anat.,  11.,  1903. 

TICK  FEVER,  or  SPOTTED  FEVER.— A  disease 
known  by  tlie  latter  of  these  two  names  is  found  in  the 
States  of  Montana,  Idaho,  Nevada,  Wyoming,  and  Ore- 
gon. As  two  other  diseases  (viz.,  typhus  fever  and  cere- 
bro-spinal  meningitis)  are  already  known  as  spotted 
fever,  it  would  be  well,  as  suggested  by  Anderson,  to 
call  tlie  disease  under  discussion  tick  fever. 

Etiology. — Tick  fever  or  spotted  fever  is  found  in  the 
mountainous  districts  in  the  above-named  States  at  an 
elevation  of  over  three  thousand  feet.  It  does  not  seem 
to  be  prevalent  outside  the  latitude  of  40°  to  47"  N.  The 
disease  is  only  found  in  persons  whose  occupation  causes 
them  to  be  exposed  to  the  bite  of  the  tick;  such  are  lum- 
bermen, ranchmen,  and  sheep-herders.  Males  in  the 
prime  of  life  are  most  liable  to  the  disease ;  this  wotild 
l3e  expected  from  the  occupations  just  mentioned.  Be- 
yond this,  age  and  sex  have  no  etiological  significance. 
The  disease  is  in  all  probability  caused  by  a  parasite. 

The  Parasite. — "  Wilson  and  Chowning  noticed  ovoid 
intracorpuscular  bodies  in  stained  preparations  of  the 
blood  from  their  earlier  cases.  They  did  not  determine 
the  character  or  significance  of  these  bodies  until  they 
examined  the  fresh  blood,  when  they  found  ovoid  in- 
tracorpuscular bodies  showing  amosboid  movements. 
These  observations  they  confirmed  in  all  the  later  cases 
which  they  examined.  To  Wilson  and  Chowning,  then, 
belongs  the  credit  of  discovering  a  parasite  which  is 
very  probably  the  cause  of  spotted  (tick)  fever."  Ander- 
son further  says  that  in  his  studies  upon  the  cause  of 
this  disease  he  "  had  the  opportunity  of  examining  the 
blood,  both  fresh  and  stained,  in  a  number  of  cases. 
Two  cases  were  in  a  hospital  in  Missoula,  and  daily  ex- 
aminations were  made.  In  the  fresh  blood  a  few  cells 
were  found  to  contain  parasites.  Three  forms  were  seen. 
The  most  common  was  a  single  ovoid  body,  refractile, 
situated  within  the  cell,  usually  near  its  edge.  When 
the  slide  is  warmed  this  body  possesses  the  power  of  pro- 
jecting quite  rapidly  pseudopodia  and  of  effecting  a  slight 
change  of  position.  This  form,  which  is  apparently  an 
early  or  young  form,  is  about  1.5 -3 /i  in  length,  and  0.5-1 
/i  in  width  at  its  widest  part.  It  closely  resembles  the 
earliest  intracorpuscular  parasites  of  astivo-autumnal 
malaria. 

"Another  form,  not  so  common,  was  larger,  being 
about  3-2.5  by  1-1.5  fi,  larger  at  one  end  and  showing  in 
the  larger  end  a  dark  granular  spot ;  this  was  also  amcE- 
boid. 
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"  The  third  form  uoted  was  arranged  in  pairs,  distinctly 
pyriform,  with  the  smaller  ends  approaching,  and  in  two 
cases  a  fine  thread  uniting  the  small  ends  was  seen.  Mo- 
tion was  not  observed  in  this  form,  but  the  spot  mentioned 
in  the  second  form  was  seen. 

"  The  parasites  are  never  found  in  very  large  numbers, 
it  being  usually  necessary  to  search  several  fields  of  the 
slide  to  find  one.  Sometimes  they  occur  in  groups,  two 
or  three  infected  cells  being  found  in  one  iield.  In  both 
fresh  and  stained  preparations  extracorpuscular  bodies 
closely  resembling  the  small  single  intracorpuscular  form 
were  seen.  I  was  unable  definitely  to  decide  the  charac- 
ter of  these  bodies,  but  am  strongly  inclined  to  think  that 
they  are  the  young  form  of  the  parasite  which  has  not 
yet  invaded  the  red  cells. 

"  In  the  cases  of  spotted  (tick)  fever  which  I  had  the 
opportunity  of  examining  I  had  no  great  diflSculty  in 
finding  both  in  fresh  and  in  stained  preparations  the  bodies 
above  described.  Their  constancy  in  the  blood  of  per- 
sons suffering  with  spotted  fever,  their  persistence  for 
some  time  in  the  blood  of  these  persons  after  recovery, 
their  absence  from  the  blood  of  persons  sufEering  from 
other  diseases  and  of  healthy  persons  make  It  very  prob- 
able that  they  are  the  cause  of  the  disease,  and  that  one 
more  has  been  added  to  the  rapidly  growing  list  of  dis- 
eases of  man  due  to  animal  parasites."  (Anderson: 
"Spotted  Fever  (Tick  Fever)  of  the  Rocky  Mountains.") 

Method  of  Infection. — "  The  life  history  of  the  organisms 
of  malaria  and  Texas  fever  naturally  suggested  that  some 
insect  was  concerned  in  the  transmission  of  the  disease. 
On  investigation  it  was  found  that  the  ticks  appeared  in 
the  valley  about  the  last  of  February,  but  were  inactive 
until  the  middle  of  March  or  1st  of  April,  the  first  cases 
of  fever  appearing  about  the  last  of  March.  The  ticks 
begin  to  diminish  greatly  in  number  from  about  June 
1st,  and  after  the  middle  of  July  very  few  are  seen ;  the 
cases  of  fever  also  begin  to  diminish  about  June  1st,  the 
latest  date  on  which  the  disease  has  been  known  to  occur 
being  July  30th. 

"Mosquitoes  do  not  appear  in  the  valley  until  after  the 
first  cases  of  fever  develop,  and  I'cmain  some  time  after 
the  last  cases  appear.  Bedbugs  and  other  house  insects, 
I  think,  were  well  excluded,  by  the  fact  that  there  has 
never  been  known  an  instance  in  which  two  cases  oc- 
curred the  same  year  in  the  same  house. 

"  On  a  closer  study  of  the  cases  of  spotted  (tick)  fever 
it  was  always  found  that  there  was  a  history  of  tick  bites 
about  one  week  before  the  onset.  In  four  cases  there 
was  a  history  of  a  single  bite  two,  three,  five,  and  seven 
days,  respectively,  before  the  initial  symptoms.  The 
usual  time  between  the  bite  and  the  onset  of  the  fever  is 
about  seven  days.  If  the  tick  transmits  the  disease,  it 
may  be  asked,  Why  do  not  more  persons  become  infected, 
and  why  is  the  infection  confined  to  the  west  bank  of  the 
Bitter  Root  River?  I  think  this  may  be  answered  by  the 
very  obvious  fact  that  the  tick  is  unable  to  travel  any 
great  distance,  unless  carried  on  some  person  or  object. 
Again,  it  is  very  unusual  for  a  tick  to  bite  a  person  and 
not  be  discovered  in  a  short  while,  and  the  result  is  the 
death  of  the  tick.  If,  as  in  Texas  fever,  the  development 
of  the  parasite  takes  place  in  the  female  tick  and  the 
young  ticks  transmit  the  infection,  the  very  small  num- 
ber of  ticks  which  escape  detection  in  persons  explains 
the  small  number  of  infected  ticks.  Where  do  the  female 
ticks  get  their  infection  ?  I  examined  a  recovered  case 
twenty-four  days  after  discharge  by  the  physician  and 
had  no  trouble  in  finding  the  parasite  in  the  fresh  blood. 
This  child  had  been  out  of  doors  for  over  two  weeks,  and 
if  a  female  tick  (ticks  were  quite  numerous  near  the 
liouse)  had  bitten  iier  and  escaped  destruction  the  para- 
sites in  the  blood  taken  in  by  the  tick  would  have  under- 
gone development,  and  the  young  ticks,  when  hatched 
out,  would  be  ready  to  infect  prospective  victims. 

"While  the  above  facts  and  conclusions  tend  strongly 
to  the  belief  that  the  ticks  are  necessary  for  the  transmis- 
sion of  the  disease,  the  actual  fact  cannot  be  proved  scien- 
tifically until  carefully  controlled  experiments  are  made 
on  non-immune  persons."    (Anderson,  ut  supra.) 


The  tick  in  question  is  in  all  probability  Dermacentor 
reticulatus. 

Morbid  Anatomy. — Rigor  mortis  is  intense,  and  ap- 
pears early.  The  skin  is  jaundiced,  has  a  mottled  ap- 
pearance, and  the  wounds  caused  bj'  the  tick  bites  may  be 
present.  Petechial  spots,  bright  to  dark  purple  in  color, 
and  from  1  to  3  cm.  in  diameter,  are  found,  chiefly  on  the 
wrist,  ankle,  arm,  and  leg.  The  spleen,  liver,  and  pan- 
creas are  much  enlarged ;  the  kidneys  are  also  enlarged. 

Stmptomb. — There  is  a  period  of  incubation  of  about  a 
week.  The  patient  complains  of  nausea,  general  malaise, 
and  a  chill;  this  latter  is  followed  by  a  fever  which 
reaches  its  highest  point  about  the  tenth  day,  is  charac- 
terized by  evening  rise  and  morning  remissions,  lasts 
about  two  weeks,  and  may  be  followed  by  subnormal 
temperature.  In  severe  cases  the  morning  remissions 
may  be  absent,  and  the  fever  remains  high  (from  104°  to 
106°  F.).  There  are  general  pain  and  soreness,  particu- 
larly during  the  first  week,  coated  tongue  with  red  edges, 
sordes,  constipation,  nausea  which  persists  in  severe  cases, 
scanty  urine  with  albumin  and  casts,  and  epistaxis.  The 
liver  and  spleen  may  be  enlarged.  The  pulse  is  high, 
and  out  of  all  proportion  to  the  fever;  the  respiration  is 
also  increased.  An  examination  of  the  blood  shows:  (1) 
the  parasite  described  above ;  (2)  a  decrease  in  the  per- 
centage of  ha;moglobin ;  (3)  a  decrease  in  the  number  of 
the  red  blood  cells;  (4)  a  slight  leucocytosis,  chiefly  of 
the  large  mononuclears.  Bronchitis  is  present  during  the 
second  week ;  and  in  severe  cases  lobar  pneumonia  super- 
venes, with  a  grave  prognosis. 

"  Tlie  eruption  appears  usually  on  the  third  day,  first 
on  the  wrists  and  ankles,  then  on  arms,  legs,  forehead, 
back,  chest,  and,  last  and  least,  on  the  abdomen.  It  is 
never  very  abundant  on  the  abdomen,  but  the  other  por- 
tions of  the  body,  in  some  cases,  are  literally  covered  by 
the  eruption. 

"  At  first  the  spots  are  of  a  bright  red  color,  macular  at 
all  times,  from  a  pin  point  to  a  split  pea  in  size.  At  first 
they  disappear  readily  on  pressure  and  return  quickly, 
but  if  the  case  is  a  severe  one  they  soon  become  darker 
and  in  some  cases  are  almost  purple.  From  about  the 
sixth  to  the  tenth  day  of  the  disease  they  fail  to  disap- 
pear on  pressure  and  are  distinctly  petechial  in  character. 
In  favorable  cases,  about  the  fourteenth  daJ^  they  begin 
to  lose  their  petechial  character  and  disappear  slowly  on 
pressure.  In  some  cases  the  eruption  consists  of  small, 
brownish  spots,  giving  a  turkey-egg  appearance. 

"As  the  fever  declines  the  eruption  begins  to  fade; 
but  a  slight  return  of  fever  or  a  free  perspiration  will 
cause  it  to  show  distinctly. 

"When  convalescence  is  well  advanced  desquamation 
begins  and  extends  over  the  entire  body.  In  very  severe 
cases  there  may  be  gangrene  of  the  Angel's  or  toes,  and 
still  more  frequently  of  the  skin  of  the  scrotum  and 
penis.  The  skin  is  always  jaundiced  to  a  greater  or  less 
degree.  This  is  usually  first  noticed  in  the  conjunctivae, 
the  vessels  of  which  are  congested  from  the  outset." 
(Anderson,  ut  supra.) 


Ticli  fever  or 
spotted  feyer. 

Typhoid  fever. 

Typhus  fever. 

Contagion  . . . 

Non-contagious . . 

Not  contagious  in 
the  ordinary  ac- 
ceptation of  the 
term. 

Very  contagious. 

GeoRraphic  a  1 

From  400  to  47°  N. 

Universal 

Almost  universal. 

distribution. 

Season  

March  to  July 

All      the      year; 

Generally  In   the 

chiefly    July    to 

winter. 

Eruption- 

November. 

Date  of  oc- 
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Third  to  fifth  day. 
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Shows parasite... 
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ination. 

in  cultures  from 
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reaction. 

698 


JREFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Tick. 
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Diagnosis.— This  is  made  from:  (1)  The  case  occurring 
In  the  region  If nown  to  be  infected ;  (3)  history  of  a  tick 
bite;  (3)  the  eruption  appearing  on  the  third  day,  and 
being  seen  first  on  the  wrist  and  ankles ;  and  (4)  the  pres- 
ence of  the  parasite  in  the  blood.  The  diseases  from 
which  it  is  to  be  differentiated  are  typhoid  fever  and 
typhus  fever,  particularly  the  latter.  The  preceding 
table  will  assist  in  making  a  diagnosis. 

Prognosis.— This  is  unfavorable.  Up  to  tiie  present 
the  death  rate  from  tick  fever  has  been  seventy  to  ninety 
percent,  in  Montana;  but  in  Idaho  and  Nevada  it  is  much 
lower.  The  disease  varies  in  malignancy  both  in  differ- 
ent localities  and  in  different  years  in  the  same  locality. 

Treatment. — The  treatment  has  so  far  been  unsatis- 
factory; but  in  five  cases,  all  treated  by  quinine,  all 
recovered.  Anderson  suggests  the  bimuriate  of  quinine, 
1  gm.  (gr.  xvi.)  hypodermatically,  q.  6.  h. ;  or,  by  mouth, 
the  sulphate  of  quinine  in  similar  doses,  q.  4.  h.  This 
drug  should  be  given  persistently  from  the  commence- 
ment of  the  disease.  The  treatment  is  otherwise  S3fmp- 
tomatic,  and  includes  cardiac  stimulants,  Dover's 
powder  for  the  pains  and  soreness,  tepid  baths  for  the 
fever,  and  plenty  of  water  to  flusli  out  the  kidneys.  The 
site  of  the  tick  bite  should  be  cauterized  with  ninety -five- 
per-cent.  carbolic  acid.  B.  J.  E.  Scott. 

Reference. 

AnderaoD,  John  F. :  Spotted  Fever  (Tick  Fever)  of  the  Rocky  Moun- 
tains.  Bull.  No.  14,  Hyg.  Lah.,  U.  S.  Pub.  Health  and  Marine- 
Hospital  Service,  Washington,  p.  50.  From  this  pamphlet,  which 
gives  all  that  is  known  of  spotted,  or  tick  fever,  the  above  article 
has  been  compiled. 

TUBERCULOSIS,  INTESTINES  AS  A  PORTAL  OF 
ENTRANCE  OF  THE  BACILLI  OF.— There  can  be  no 
doubt  that  the  intestines  are  one  of  the  portals  of  en- 
trance for  the  tubercle  bacillus.  Particularly  in  the  case 
of  young  children  is  tuberculous  infection  through  the 
alimentary  tract  of  not  infrequent  occurrence.  Both 
experimental  and  pathological  evidence  has  been  pre- 
sented to  prove  conclusively  that  tubercle  bacilli  may 
pass  through  the  intestinal  mucosa  without  exciting 
local  lesions,  and,  entering  the  lymph  stream,  be  carried 
through  the  thoracic  duct  into  the  blood,  which  conveys 
them  to  the  lungs,  where  they  are  either  wholly  or  for 
the  greater  part  dropped  out  of  the  circulation  to  excite 
first  in  this  organ  the  local  lesions  of  the  infection. 
Since  the  facts  of  such  an  avenue  of  tuberculous  infec- 
tion have  been  indubitably  established,  the  questions  of 
importance  relative  to  this  subject  are  those  concerned 
with  the  source  and  character  of  the  tubercle  bacilli 
gaining  entrance  into  the  intestines,  the  conditions 
under  which  they  pass  through  the  intestinal  wall,  and 
the  relative  frequency  of  such  an  occurrence.  Great 
interest 'has  centred  around  these  questions  during  the 
last  several  years,  and  the  experimental  investioiations 
and  pathological  studies  resulting  therefrom  have  great- 
ly modified  some  of  our  former  views  concerning  the 
nature  and  mode  of  tuberculous  infection. 

The  belief  that  tuberculosis  can  be  acquired  through 
the  alimentary  tract  is,  of  course,  not  a  new  one.  As 
early  as  1846  K^lenke  pointed  out  the  possibility  of  such 
an  infection  in  children  ted  with  cow's  milk.  Experi- 
menral  proof  of  an  alimentary  infection  of  tuberculosis 
was  first  offered  by  Chauveau  (1868)  and  Villemin 
(1869),  and  confirmed  later  by  Gerlach,  Gunther  and 
Harms,  Klebs,  Bollinger,  Orth,  Baumgarten,  and  nu- 
merous others.  All  of  these  investigators  showed  that 
in  experimental  animals  a  tuberculous  infection  could 
be  readily  induced  through  the  alimentary  tract.  Prac- 
tical confirmation  of  the  experimental  work  through  m- 
vestigations  as  to  the  spread  of  tuberculosis  among  the 
domestic  animals  was  soon  forthcoming;  and  the  de- 
monstration of  tubercle  bacilli  in  cow's  milk  and  its 
products  made  clear  the  possibility  of  human  infection 
through  such  sources.  A  belief  in  the  important  part 
played  by  cow's  milk  was  therefore  aroiised  and  was 
beginning  to  play  an  important  role  in  clinical  and  sani- 
tary matters  when  Koch  at  the  International  Congress 


m  1901  took  ground  against  the  doctrine  and  announced 
his  dictum  that  human  and  bovine  tuberculosis  were 
different  in  kind,  and  that  there  was  but  little  danger 
of  human  beings  becoming  infected  through  the  food 
and  by  way  of  the  intestine. 

A  storm  of  discussion  followed  Koch's  statement,  and 
much  of  the  work  concerning  tuberculosis  in  the  six 
years  since  it  was  made  has  been  concerned  with  its 
refutation.  This  may  be  said  to  have  been  completely 
accomplished,  and  incidentally  we  have  made  much 
progress  in  our  knowledge  of  tuberculosis.  The  pendu- 
lum of  opinion,  however,  has  swung  much  farther  in  the 
other  direction  than  was  at  first  imagined,  for  certain 
workers  have  gone  so  far  as  to  cast  doubt  upon  the  oc- 
currence of  aerogenous  tuberculosis  and  to  refer  the 
majority,  if  not  all,  of  the  cases  of  pulmonary  tubercu- 
losis to  infection  received  through  the  intestine.  Never- 
theless, a  few  investigators,  notably  Ribbert,  oppose  the 
modern  view  of  the  intestines  as  a  portal  of  tuberculous 
infection  and  uphold  the  old  belief  of  a  primary  air- 
borne infection  of  the  lungs.  The  majority  of  writers 
upon  tuberculosis  accept  the  middle  ground  between 
these  extremes  of  opinion.  They  recognize  the  occur- 
rence of  bovine  tuberculosis  in  human  beings,  acknowl- 
edge the  intestines  as  the  portal  of  infection,  and  cow's 
milk  as  the  conveyer  of  the  bacilli,  and  emphasize  the 
practical  importance  of  these  tacts  in  their  relation  to 
infant-feeding  and  the  occurrence  of  tuberculosis  in 
young  individuals.  On  the  other  hand,  they  do  not 
deny  the  occurrence  of  air-borne  infections,  nor  do  they 
underrate  their  importance. 

The  refutation  of  Koch's  statement  rested  upon  the 
establishment  of  the  permeability  of  the  intestinal  wall 
by  tubercle  bacilli  without  the  production  of  tubercu- 
lous lesions  in  the  w.all,  as  well  as  upon  the  proof  of  the 
infection  of  human  beings  by  bovine  bacilli.  The  chief 
argument  used  by  Koch  in  support  of  his  statement  was 
to  the  effect  that  a  food  infection  of  tuberculosis  could 
be  assumed  to  have  occurred  only  when  a  primary 
tuberculous  lesion  was  present  in  the  intestines.  Since 
primary  intestinal  tuberculosis  is  relatively  rare,  he 
affirmed  that  the  chances  of  infection  through  the  food 
must  be  likewise  slight. 

Recent  statistics  concerning  primary  intestinal  tuber- 
culosis tend  to  show  that  it  is  much  more  frequent  than 
was  supposed.  While  pathologists  and  clinicians  in 
different  localities  vary  gi'eatly  in  their  reports  as  to  the 
frequency  of  primary  intestinal  tuberculosis,  numerous 
competent  observers  (Hueppe,  Hof,  Wagener,  Heller, 
Lubarsch,  et  al.)  have  found  it  in  from  twenty  to  thirty 
per  cent,  of  all  cases  of  tuberculosis  in  children.  Sta- 
tistics constantly  accumulate  to  show  that  it  is  not  of 
infrequent  occurrence  in  milk-fed  children. 

For  the  support  of  the  doctrine  of  primary  infection 
through  the  intestinal  tract  it  is  not,  however,  neces- 
sary to  fall  back  upon  the  frequency  of  intestinal  lesions, 
since  the  much  more  important  fact  has  been  established 
that  tubercle  bacilli  may  pass  through  the  intestinal 
mucosa  without  exciting  in  it  any  tuberculous  lesions. 
The  passage  of  tuberole-bacilh  through  the  uninjured 
intestinal  mucosa  was  discovered  by  Orth  in  1879,  Cor- 
net in  1880,  and  Dobrolonski  in  1890.  Desonfry  and 
Porcher,  Nicolas  and  Descos,  Ravenel,  von  Behring, 
Bartel,  Besanti  and  Panisset,  and  others  have  shown 
the  passage  of  tubercle  bacilli  through  the  uninjured 
mucosa  of  the  intestines  of  dogs  and  guinea-pigs  during 
the  process  of  digestion,  particularly  that  of  fats.  When 
fat  is  absent  from  the  food  the  number  of  bacilli  passing 
through  the  wall  has  been  shown  to  be  much  less  than 
in  the  presence  of  tat. 

The  views  of  Calmette  and  his  colleagues  on  the  in- 
testinal derivation  of  anthracosis  and  pulmonary  tuber- 
culosis have  attracted  wide-spread  attention.  They  hold 
that  animals  breathing  an  atmosphere  containing  car- 
bon do  not  develop  anthracosis  when  the  oesophagus  is 
closed,  but,  on  the  other  hand,  anthracosis  of  the  lungs 
is  rapidly  produced  by  the  introduction  of  carbon  into 
the   stomach.     In  connection  with  these  experiments 
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they  found  that  tubercle  bacilli  introduced  into  the  in- 
testine readily  pass  through  the  wall  into  the  chyle 
vessels,  where  they  are  taken  up  by  leucocytes  and  car- 
ried to  the  mesenteric  glands  and  thence  through  the 
thoracic  duct  into  the  circulation.  Calmettes  theory 
concerning  the  Intestinal  origin  of  anthracOsis  has  been 
attacked  by  a  number  of  other  investigators  who  have 
been  unable  to  confirm  his  results.  The  passage  o 
tubercle  bacilli  through  the  uninjureu  intestinal  wall 
has  however,  been  confirmed  by  so  many  investigators 
that  we  must  accept  the  evidence.  Such  a  passage  has 
also  been  demonstrated  for  other  bacteria,  notably  an- 
thrax and  glanders  bacilli.  ,  ^  ,       i 

Other  proof  of  the  intestinal  entrance  of  tubercle 
bacilli  in  the  absence  of  intestinal  lesions  may  be  found 
in  the  not  infrequent  occurrence  of  primary  tuberculo- 
eis  of  the  mesenteric  glands.  A  latent  infection  of  the 
mesenteric  glands  by  tubercle  bacilli  without  the  pro- 
duction of  histological  changes  of  tuberculosis  has  been 
positively  demonstrated  by  Rabinowitsch  and  others. 
Primary  "infections  of  the  liver  through  the  portal  veins 
in  the  absence  of  tuberculosis  elsewhere  in  the  body 
may  also  be  taken  as  evidence  favoring  the  intestine  as 
the  avenue  of  entrance.  Some  wTiters  have  suggested 
that  in  the  cases  of  apparently  primary  mesentenc-gland 
tuberculosis  there  may  have  been  a  slight  primary  lesion 
in  the  intestinal  mucosa  that  had  healed,  leaving  no 
traces.  Such  a  supposition_  is  not  at  all  necessary  for 
the  proof  of  intestinal  infection. 

That  bovine  tubercle  bacilli  are  capable  of  infecting 
man  has  been  abundantly  proved.  Ravenel,  de  Schwei- 
nitz,  Mohler,  Smith,  Wolff,  Westenhoffer,  Febiger  and 
Jensen,  and  others  have  isolated  from  human  cases  viru- 
lent bovine  tubercle  bacilli.  The  English  Royal  Com- 
mission examined  sixty  cases  of  human  tuberculosis  and 
found  the  bovine  bacillus  in  fourteen  cases  (23  per  cent.). 
Of  the  sixty  cases  twenty-eight  possessed  clinical  his- 
tories indicating  an  intestinal  infection.  Thirteen  of 
these  cases  were  due  to  bovine  infection.  In  iiineteen 
cases  of  abdominal  tuberculosis  studied  by  this  com- 
mission ten  cases  were  shown  to  be  of  the  bovine  type ; 
and  in  fifty-six  cultures  from  man  examined  by  the  Ger- 
man Commission  ten  per  cent,  were  found  to  be  of  the 
bovine  type.  Numerous  cases  of  local  bovine  infections 
have  been  seen  in  butchers  and  veteilnarians. 

The  possibility  of  human  infection  by  bovine  bacilli 
having  once  been  demonstrated,  it  follows  that  the  ma- 
jority of  such  cases  not  due  to  local  cutaneous  infection 
must  have  been  due  to  intestinal  infection,  since  the 
possibility  of  an  inhalation  of  bovine  bacilli,  particularly 
by  young  children,  is  so  slight  as  practically  to  be  dis- 
regarded. Milk  or  butter  from  tuberculous  cows  must 
be  regarded  as  the  chief,  if  not  the  only,  source  of  these 
intestinal  infections  of  early  life  in  which  the  bovine 
bacilli  are  present. 

The  great  question  under  discussion  is  the  frequency 
of  intestinal  infection  as  compared  with  that  due  to  in- 
halation, and  the  International  Conferences  of  1906  and 
1907  were  largely  occupied  with  a  discussion  of  this 
problem.  Von  Behring  and  Calmette  represented  the 
extreme  point  of  view  concerning  the  intestinal  route  of 
tuberculosis  infections.  The  former  reports  his  views 
with  emphasis  that  ingestion  is  the  most  frequent  and 
important  method  of  infection,  and  that  tuberculosis 
in  the  adult  is  a  delayed  development  of  a  latent  infan- 
tile intestinal  infection.  Calmette's  views  have  been 
even  more  sensational.  He  insisted  in  1906  that  pulmo- 
nary infection  always  occurred  through  bacilli  gaining 
entrance  to  the  blood  by  way  of  the  intestinal  tract  and 
lymph  stream,  supporting  his  view  by  his  experimental 
work  concerning  the  origin  of  anthracosis.  The  bacilli 
may  be  of  the  bovine  type  and  enter  the  intestine 
through  milk  or  its  products,  or  they  may  be  of  the 
human  strain,  entering  the  body  with  dust  and  swallowed 
with  the  saliva.  In  1907  he  modified  his  views  to 
the  extent  of  admitting  that  an  aerogenous  pulmonary 
infection  may  occur  but  is  relatively  uncommon.  He 
still   asserts,  however,  that  the   chief   danger  of  infec- 


tion through  dust  lies  in  its  being  swallowed  with  the 
saliva.  He  warns  against  the  danger  of  swallowing  the 
saliva  produced  during  exposure  to  a  dusty  atmosphere. 

Weber  (1906)  in  a  special  study  of  the  bovine  origin 
of  human  tuberculosis  concluded  that  the  mrhucht 
bacilli  easily  enter  through  the  intestine  or  cervical 
glands  ill  the  case  of  children,  but  that  such  a  form  of 
infection  is  rare  after  the  twentieth  year.  Human 
transference  of  the  bovine  bacilli  is  rare,  hence  in  adult 
life  tuberculous  infection  is  almost  wholly  due  to  the 
human  form.  Raw  (1907)  practically  agrees  with  this 
view.  He  divides  all  cases  of  tuberculosis  into  two  classes, 
the  bovine  form  due  to  a  milk-borne  intestinal  infection, 
and  the  human  form  due  to  an  inhalation  infection. 
To  the  latter  class  belongs  pulmonary  tuberculosis, 
while  in  the  former  he  would  place  all  other  forms  of 
tuberculosis  infection  such  as  glandular,  arthritic,  etc., 
particularly  when  occurring  in  the  young.  Between  the 
two  types  of  bacilli  he  believes  there  is  a  mutual  antag- 
onism, as  demonstrated  by  the  successful  treatment  of 
one  form  by  the  tuberculin  prepared  from  the  other. 
Accordingly  bovine  infection  in  man  must  tend  to  cure 
or  immunize  those  infected  with  human  tubercle  bacilli. 
Bovine  immunization  as  advocated  by  Behring  may  be 
so  developed  as  to  offer  a  cure  for  the  human  infection, 
but  this  happy  result  has  not  yet  been  achieved  and  we 
must  await  the  test  of  future  experimentation.  On  the 
other  hand,  it  has  been  pointed  out  by  a  number  of 
writers  that  if  bovine  infections  immunize  against  in- 
fections with  human  bacilli,  the  prevention  of  bovine 
tuberculosis  through  a  perfect  sanitary  control  of  the 
milk  supply  might  be  expected  to  increase  the  suscep- 
tibility of  many  individuals  to  infection  with  the  human 
strain.  Numerous  writers  assert  that,  in  spite  of  the 
great  care  taken  in  recent  years  to  safeguard  the  milk 
supply,  there  is  no  corresponding  diminution  in  the  fre- 
quency of  infantile  tuberculosis.  They  consider  this 
fact  as  a  strong  argument  in  favor  of  the  aerogenous  na- 
ture of  the  infection.  Calmette  answers  this  by  point- 
ing to  the  fact  that  infantile  tuberculosis  is  usually 
localized  in  the  tracheobronchial  glands,  and  regards 
this  localization  as  an  evidence  of  an  intestinal  entrance 
and  a  lymphatic  route,  both  for  bovine  bacilli  ingested 
with  the  milk  and  human  bacilli  swallowed  with  the 
saliva. 

Experimental  proof  of  Calmette's  views  has  been  of- 
fered by  Vallte.  Calves  were  fed  for  a  long  time  with 
the  milk  of  cows  infected  through  the  administration 
of  moderate  quantities  of  bacilli.  No  udder  lesions  were 
produced,  but  the  cows  gave  positive  tuberculin  reac- 
tions. In  the  calves  so  fed  intrathoracic  lesions  de- 
veloped without  any  apparent  involvement  of  the  mes- 
enteric glands.  These,  however,  gave  positive  results 
on  inoculation.  Similar  results  as  to  the  path  of  the 
infective  agent  were  obtained  in  guinea-pigs  by  Schloss- 
mann and  Engel.  Injections  of  tubercle  bacilli  directly 
into  the  stomach  were  followed  by  the  development  of 
pulmonary  lesions.  On  the  other  hand,  other  workers 
have  failed  to  confirm  experimentally  the  views  of  Cal- 
mette and  his  colleagues.  Huss  and  Lobstein,  Gaffky, 
Frosch,  and  others  at  the  1907  Congress  favored  inhala- 
tion as  the  more  important  method  of  infection  in  man. 
At  the  same  time  \\'eichselbavim  and  Orth  expressed 
the  opinion  that  we  are  not  able  at  the  present  time  to 
state  which  is  the  more  common  mode  of  infection.  In 
an  address  delivered  before  the  XIV.  International  Con- 
gress on  Hygiene,  Berlin,  1907,  Ravenel  in  a  full  discus- 
sion of  the  alimentary  tract  as  a  portal  of  entry  for  the 
tubercle  bacillus  concluded  that  the  intestinal  tract  is 
a  fretiuent  portal  of  entrance  for  the  tubercle  bacillus, 
the  bacilli  being  able  to  pass  through  an  intact  mucous 
membrane  of  the  alimentary  tract  without  givinj:  rise 
to  a  local  lesion.  Such  a  mode  of  infection,  he  holds,  is 
especially  frequent  in  children,  the  source  of  infection 
being  milk  from  tuberculous  cows.  In  our  present  state 
of  knowledge  the  exact  proportion  of  cases  of  tubercu- 
losis due  to  this  cause  cannot  be  stated,  but  it  is  prob- 
ably considerable. 


Too 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Tuberculosis. 
Typhoid  Fever, 


_  With  Ravenel's  conclusions  the  majority  of  patholo- 
gists and  clinicians  will  probably  agree.  An  unpreju- 
diced survey  of  the  recent  literature  compels  us  to 
accept  the  possibility  of  both  modes  of  infection,  inhala- 
tion and  ingestion.  Which  is  the  more  frequent  or  im- 
portant we  cannot  say  at  the  present  time,  and  this  im- 
portant question  urgently  demands  a  settlement,  since 
so  many  of  the  methods  to  be  employed  in  the  fight 
I  against  tuberculosis  hang  upon  the  solution  of  this 
problem.  Primary  infection  by  way  of  the  intestine  has 
alone  been  considered  in  this  article.  It  is  only  neces- 
sary here  to  call  attention  to  the  great  importance  of 
the  intestinal  tract  as  an  avenue  of  re-infection  in  indi- 
viduals whose  sputum  contains  tubercle  bacilli.  Such 
patients  should  be  warned  against  the  dangers  of  swal- 
lowing sputum  or  saliva.  Calmette's  warning  against 
the  swallowing  of  saliva  secreted  during  exposure  to  a 
dusty  atmosphere  is  worthy  of  consideration  as  a  meas- 
ure tending  to  diminish  the  chances  of  infection,  not 
only  in  the  case  of  tuberculosis,  but  in  that  of  other  in- 
fections. Aldred  Scott  Warthin. 

TUMENOL-AMMONIUM  is  a  derivative  of  tumenol, 
a  product  obtained  from  bituminous  shale.  It  is  a 
black  semifluid  substance  with  a,  spicy,  tarry  odor  and 
acid  taste,  and  is  soluble  in  all  proportions  in  water,  al- 
cohol, ether,  and  glycerin.  It  is  especially  recommended 
in  eczema  and  itching  dermatoses,  and  can  be  used  as  a 
tincture  with  alcohol,  ether,  and  glycerin  in  the  treat- 
ment of  dry  squamous  eczema  and  erosions  due  to 
scratching;  as  a  powder  with  zinc  oxide  and  starch  in 
acute  forms  of  eczema ;  as  an  ointment  with  vaseline  for 
severe  itching  dermatoses,  and  a  paint  with  ether  and 
tincture  of  benzoin  for  infiltrated  or  chronic  eczema  and 
furunculosis.  Various  solutions  or  mixtures  are  used, 
ranging  from  five  to  ten  per  cent,  strength  or  more. 

John  W.  Wainwright. 

TUNBRIDGE  WELLS.— Tunbridge  Wells,  a  town  of 
about  29,000  inhabitants,  is  pleasantly  situated  in  the 
southern  part  of  England,  thirty-two  miles  southeast 
from  London.  It  is  a  well-built  town  with  broad  streets 
and  with  a  porous  soil.  The  surrounding  country  is  at- 
tractive and  picturesque,  affording  many  pleasant  rides 
and  walks. 

The  climate  is  comparatively  dry  and  bracing  and  the 
air  pure,  so  that  an  "  after-cure  "  is  not  infrequently 
taken  here.  The  mean  temperature  for  the  year  is 
40.8°  F.,  the  mean  relative  humidity  81  per  cent.,  and 
the  yearly  rainfall  26.55  inches.  The  mean  temperature 
for  the  four  quarters  of  the  year  is  as  follows :  January 
to  March,  40.7°;  April  to  June,  53.1°;  July  to  Septem- 
ber, 60.9°;   October  to  December,  44.4°. 

Considered  as  a  climatic  health  re=ort,  the  air  of  this 
place  has  been  found  to  be  beneficial  for  conditions  of 
lowered  vitality  and  anjemia,  and  in  conv.ilescence  from 
severe  illnesses.  For  the  feeble,  either  in  youth  or  old 
age,  the  climate  is  a  favorable  one,  though  it  is  rather 
cold  in  winter.  It  is  said  also  to  exercise  a  powerful  re- 
storative influence  upon  those  wearied  by  city  life  and 
upon  children  brought  up  in  large  cities. 

The  waters  are  of  the  pure  chalybeate  class,  contain- 
ing 0.06  carbonate  of  iron  per  litre.  There  is  no  free 
carbonic-acid  gas,  the  presence  of  which  in  the  Con- 
tinental chalybeate  spas,  such  as  Schwalbach,  St.  Mo- 
ritz,  etc.,  renders  them  available  for  bathing.  Here  the 
water  is  used  only  for  drinking  purposes.  The  water 
as  it  comes  from  the  spring  at  a  temperature  of  51°  F. 
is  clear  and  not  unpleasant  to  the  taste. 

But  few  visitors,  however,  come  now  to  Tunbridge 
Welis  to  take  the  waters,  although  in  old  times  it  was  a 
fashionable  and  much-frequented  spa,  when  Bath  was 
in  its  glory.  It  is  rather  upon  its  reputation  as  a  health 
resort  that  its  present  popularity  rests,  for  it  is  still 
crowded  with  visitors. 

The  chief  mineral  springs  are  situated  at  one  end  of 
the  so-called  "  Pantiles,"  an  old-fashioned  paved  prom- 
enade, on  one  side  of  which  are  shops  and  a  covered  way 


for  protection  m  rainy  weather.  The  water  is  dispensed 
from  two  basins  at  a  lower  level  than  the  pavement 
and  also  m  a  reading  room  for  visitors  at  the  other  end 
of  the  "  Pantiles." 

Ana'tnia  and  debility  are  thy  two  conditions  treated 
by  means  of  these  waters.  Sometimes  in  severe  cases 
iron  IS  pre«crited  in  addition  to  that  contained  in  the 
waters.  The  "  cure  "  lasts  two  months  and  can  be 
taken  at  any  season  of  the  year.  The  usual  daily 
amount  is  a  glass  to  a  glass  and  a  half,  taken  between 
eleven  and  one  o'clock,  in  divided  doses,  with  a  short 
walk  between.  Of  course  in  any  condition  in  which 
iron  is  indica1;ed  these  waters  may  be  employed.  No 
unpleasant  effects  are  experienced  from  the  use  of  the 
waters. 

The  chief  season  is  from  June  to  September.  The  ac- 
commodations are  good  and  abundant.  There  are  the 
usual  out-door  amusements,  golf,  cycling,  rides,  and 
drives.  Edward  0.  Otis. 

TYPHOID  FEVER,  BACTERIOLOGY  OF.— The  bacil- 
lus of  typhoid  fever  was  discovered  by  Eberth  in  1880, 
but  not  until  four  years  later  was  it  obtained  in  pure  cult- 
ure. This  pure  culture  was  isolated  by  GaSky  from 
the  spleen  and  mesenteric  lymph  glands  of  patients  dying 
from  typhoid  fever.  In  cover-slip  preparations  from 
pure  cultures  it  stains  well  with  any  of  the  ordinary  ani- 
line dyes. 

Morphology. — The  morphological  characteristics  of 
this  organism  are  as  follows :  Its  length  varies  from  1  to 
4,",  its  diameter  from  0.4  to  0,9/i.  The  ends  are  always 
rounded.  In  cultures,  and  more  especially  in  potato  and 
old  bouillon  cultures,  these  organisms  are  often  found 
grouped  together  in  chains,  sometimes  as  many  as  four 
or  five  in  a  chain.  They  are  rapidly  motile,  this  motility 
being  due  to  the  fact  that  they  possess  flagella,  the  num- 
ber of  which  varies  from  eighir  to  twenty.  These  flagella 
are  attached  to  the  bacillus  at  all  points  of  its  surface, 
that  is,  not  only  on  the  ends,  as  is  the  case  in  many  bac- 
teria, but  also  at  its  sides.  For  demonstrating  these  it  is 
necessary  to  use  a  special  method  of  staining.  In  my 
experience  LoefHer's  method  has  proved  to  be  the  best. 
Take  two  cover  slips  which  have  been  thoroughly  cleansed 
and  are  free  from  grease,  and  place  on  each  one  of  these 
a  drop  of  sterile  water;  then  with  a  platinum  needle 
touch  the  surface  of  an  eigliteen-hour  agar  culture  of  the 
bacillus,  and  draw  the  needle  thus  charged  through  first 
one  di'op  and  then  the  other ;  finally,  cause  the  drop  to 
spread  out  over  a  larger  area  and  allow  it  to  dry.  By 
this  method  we  obtain  a  good  dilution  in  parts  of  the 
smears.  There  is  no  need  to  fix  in  the  flame,  as  the  mor- 
dant is  a  good  fixative.  The  solutions  required  are  as 
follows:  First,  a  twenty-per-cent.  aqueous  solution  of 
tannic  acid;  second,  a  saturated  aqueous  solution  of  fer- 
rous sulphate  (not  to  be  heated) ;  third,  a  saturated  alco- 
holic solution  of  either  fuchsin  or  gentian  violet.  Take 
of  solution  number  one.  ten  parts;  of  number  two,  five 
parts ;  and  of  number  three,  one  part.  Let  them  stand 
for  an  hour  and  then  filter;  use  at  once.  Flood  the  cover 
slip  with  this  mordant  (either  of  the  first  two  solutions) 
for  one  minute,  and  then  wash  gently  in  distilled  water ; 
drain  off  the  excess  of  water,  and  flood  the  slip  with  ani- 
line fuchsin  or  aniline  gentian  violet,  and  warm  carefully 
for  one  minute.  Do  not  heat  sufficiently  to  produce 
steam.  Wash  again  in  water  and  dry ;  then  mount  in 
Canada  balsam.  Another  good  method  is  that  described 
by  L.  Smith  in  the  Journal  of  Medical  JResearch,  vol.  i. , 
new  series,  p.  841 .  The  dye  which  he  uses  is  night  blue ; 
it  gives  a  very  beautiful  picture,  and  is  very  easy  to 
manage. 

Cultural  Chaeactektstics.— The  bacillus  grows 
best  at  body  temperature  (37.5°  C),  but  it  grows  well  at 
room  temperature.  Its  thermal  death  point  is  60°  C, 
after  an  exposure  for  twenty  minutes.  According  to  Park 
the  organism  will  live  for  five  months  when  frozen,  hut 
not  longer.  It  grows  well  on  all  media.  In  bouillon  it 
forms  a  uniform  cloud  throughout  the  tube,  and  often 
will  develop  a  heavy  pellicle  on  the  surface.     On  agar  it 
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produces  a  growtli  of  a  pearly  wliile;  on  gelatin  the 
growth  is  whitish  and  no  liquefaction  takes  place;  on 
potato  the  growth  can  hardly  be  seen  at  the  end  of  forty- 
«ight  hours,  but  still  older  cultures  may  show  a  dirty- 
yellow  growth.  This  organism  grows  well  in  milk  with- 
out the  production  of  acid  from  the  lactose.  There  is, 
however,  a  slight  primary  production  of  acid.  .It  does 
not  coagulate  the  milk.  In  Dunham's  solution  it  does 
not  form  indol.  It  does  not  cause  any  of  the  sugars  to 
ferment  with  gas  production.  These  last  three  cultural 
characteristics  are  used  as  a  means  of  differentiating  the 
typhoid  bacillus  from  the  colon  and  paracolon  and  the 
paratyphoid  groups. 

During  the  past  few  years  there  have  been  isolated 
from  patients  suffering  from  what  seemed  clinically  to 
be  a  typhoid  infection  bacilli  wliich  did  not  answer  cult- 
urally to  the  Bacillus  typhosus,  and  did  not  agglutinate 
in  serum  which  agglutinated  this  bacillus.  Tlie  serum 
from  the  patient  from  which  the  organism  had  been  iso- 
lated did  not  agglutinate  the  typhoid  bacillus,  but  did 
agglutinate  the  isolated  organism.  These  organisms 
when  tested  culturally  behaved  in  some  ways  like  the 
B.  typhosus,  while  in  other  ways  their  behavior  was  like 
that  of  the  Bacillus  coli  communis;  hence  they  have  been 
termed  intermediates,  and  some  bacteriologists  have  gone 
so  far  as  to  divide  them  into  sub-groups.  The  organ- 
isms are  often  spoken  of  indiscriminately  as  para-typhoid 
or  paracolon  bacilli. 

So  many  of  these  intermediates  have  been  isolated  that 
it  will  be  impossible  to  discuss  them  all  here.  It  might 
be  stated,  however,  that  the  great  majority  of  the  cases 
suffering  from  infection  with  these  intermediate  organ- 
isms have  run  a  very  mild  course,  and  they  do  not  seem 
to  be  as  pathogenic  a  group,  on  the  whole,  as  that  of  the 
Bacillus  typhosus. 

The  following  short  table  will  give  a  good  idea  of  the 
position  of  this  group : 


1.  Formation  of  indol  in  Dunham's 
solution  in  forty-fight  hours. 

3.  Coagulation  of  milk 


3.  Fermentation  with  production  of 
gas  in — 
(o)  glucose  bouillon 


(6)  lactose  bouillon . 


(c)  mannlt  bouillon. 


4.  Agglutination  with  specific  serum— 
(a)  typhoid  serum 


(b)  intermediate  serum  . 

(c)  colon  serum 


Bacillus 
typhosus. 


Negative 
results, 

Negative 
results. 


Negati  T  e 
results. 

Negati  v  e 
results. 


Negati  V  e 
results, 


Positive 
results. 

Negative 
results. 

Negative 
results. 


Inter- 
mediates. 


Some  pos. 
itive  re- 
sults. 

Negative 
results. 


Positive 

results. 
No  pos. 

Itive  re. 

suits. 
Some  pos. 

itive  re. 

suits. 

Negative 
results 

Positive 
results. 

Negative 
result. 


Colon 
bacillus. 


Positive 
results. 


Positive 
results. 


Positive 
results. 

Positive 
results. 

Pos  itive 
results. 


Negative 
results. 

Negative 
results. 

Pos  i  tl  V  e 
results. 


Of  the  intermediates  which  have  thus  far  been  isolated, 
the  following  are  among  the  more  important,  historically 
as  well  as  bacteriologically :  Gaertner's,  Cushing's, 
'Gwyn's,  Schottmilller's,  Buxton's,  and  Libman's. 

Agglutination.— This  phenomenon  does  not  belong 
exclusively  to  the  subject  of  this  article,  but  I  shall  treat 
of  it  fully  for  two  reasons:  first,  because  it  was  the  study 
of  this  reaction  with  the  B.  typhosus  that  stimulated  a 
great  amount  of  research  in  regard  to  this  phenomenon 
as  an  aid  to  diagnosis;  secondly,  because  of  the  impor- 
tance of  this  test  and  on  account  of  the  many  errors  to 
which  it  may  lead  unless  it  be  fully  understood.  In  1884 
'Charrin  and  Roger,  while  working  with  the  Bacillus 
pyocyaneus,  observed  the  clumping  of  the  bacilli,  but 
they  pushed  their  study  of  this  phenomenon  no  further, 
and  it  was  not  till  1896  that  it  was  again  brought  for- 
ward, this  time  by  Gruber  and  Durham.  These  investi- 
gators immunized  animals  against  various  strains  of 
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bacteria,  and  they  found  that  the  serum  of  these  animals 
had  the  property  of  clumping  the  bacteria  when  the  bac- 
teria were  brought  in  contact  with  it ;  and,  furthermore, 
they  found  that  this  action  was  fairly  specific,  that  is, 
the  serum  from  any  animal  which  they  had  immunized 
would  only  clump  the  species  of  bacteria  which  had  been 
used  to  bring  about  this  immunization.  They  therefore 
advocated  that  this  phenomenon  be  utilized  for  the  pur- 
pose of  differentiating  species  of  bacteria.  They  did  not, 
however,  in  their  published  work,  suggest  the  use  of 
serum  taken  from  these  patients  as  a  means  of  determin- 
ing what  species  of  bacteria  were  causing  the  infection. 

During  this  same  year  (1896)  there  was  published  a 
paper  b}  Widal  and  Grunbaum  in  which  they  outlined  a 
clinical  test  for  typhoid  fever  based  on  the  phenomenon 
of  clumping.  They  were  the  first,  therefore,  to  point 
out  the  value  as  a  means  of  diagnosis,  and  the  first  also 
to  devise  a  technique  for  carrying  out  the  test.  Since 
their  paper  was  pulilished  this  test  has  been  used  in  all 
parts  of  tlie  world,  and  legion  are  the  papers  that  have 
been  published  on  it. 

The  Technique. — The  requisites  are:  1.  An  actively 
motile  culture  of  B.  typhosus.  This  is  best  obtained 
by  emulsifying  a  twenty-four  hours'  old  agar  culture 
in  10  CO.  of  an  0  85  per  cent,  sodium -chloride  solu- 
tion ;  or  by  transferring  from  three  to  six  loopfuls  of 
a  twenty-tour-hour  agar  culture  to  a  tube  containing 
bouillon,  shaking  this  thoroughly  and  incubating  at 
37°  C.  for  an  hour  or  two;  or  else  one  may  transplant  the 
typhoid  bacilli  from  day  to  day  into  tubes  of  bouillon  and 
let  the  growth  proceed  on  the  top  of  the  thermostat.  3. 
The  blood  to  be  tested  may  either  be  in  a  dried  condition 
or  else  it  may  be  collected  in  capillary  tubes  and  the 
serum  obtained  from  these  after  coagulation.  By  the 
latter  method  we  can  measure  our  dilutions  with  almost 
perfect  accuracy,  a  thing  which  it  is  impossible  to  do  if 
we  use  a  dried  specimen.  In  the  latter  case  it  is  neces- 
sary to  dissolve  out  the  substance  representing  the  serum 
by  letting  the  water  used  for  the  solvent  completely  sur- 
round the  dried  spot  or  stain.  Then  be  careful  not  to 
move  hastily  or  rub  any  of  the  clot  loose.  Only  in  this 
way  is  it  possible  to  obtain  a  serum  free  from  fibrin  and 
blood  corpuscles. 

The  mixture  of  the  culture  and  serum  may  be  observed 
in  two  ways:  First,  in  the  test  tube;  and,  second,  in  the 
hanging  drop.  For  the  latter  test  are  needed  a  micro- 
scope with  a  No.  3  or  a  No.  4  eyepiece,  a  one-sixth  or 
one-seventh  objective,  hollow-ground  slides,  and  abso- 
lutely clean  cover  slips  (No.  1  or  No.  2).  Surround  the 
hollow  on  the  slide  with  vaseline  or  alboline,  so  that  when 
the  cover  slip  is  placed  over  it  its  edges  will  be  sealed, 
and  thus  evaporation  will  be  prevented. 

In  the  hanging-drop  method,  one  drop  of  the  fluid  con- 
taining the  bacteria,  and  one  drop  of  the  serum  fluid  are 
mixed  on  the  cover  slip  and  examined.  In  my  experience 
the  hanging-drop  method  is  the  most  accurate  if  it  be 
properly  controlled.  In  the  test  tube  the  reaction  is 
apparent  to  the  naked  eye,  for  when  the  organisms  are 
clumped  they  collect  at  the  bottom  of  the  tube  in  a  floc- 
culent  mass. 

The  clumping  of  the  bacilli  should  take  place  in  thirty 
minutes  with  a  dilution  of  1  to  20;  if  it  takes  more  than 
thirty  minutes  or  a  dilution  of  less  than  1  to  20,  it  should 
not  be  regarded  in  the  light  of  a  positive  reaction,  for  it 
may  then  be  due  to  a  number  of  other  factors  which  are 
too  numerous  to  mention  here.  Some  specimens  of  serum 
will  not  agglutinate  in  a  dilution  of  1  to  20,  but  will  do 
so  if  the  dilution  be  increased  1  to  50. 

Instead  of  a  clumping  of  the  bacilli  we  may  have  what 
is  known  as  a  thread  reaction ;  that  is,  the  bacilli  become 
arranged  end  to  end,  or,  failing  to  separate  completely  as 
they  multiply,  they  remain  in  the  form  of  threads  or 
chains. 

The  Distuibution  of  the  Typhoid  Bacilli  in  the 
Body.— These  organisms  are  found  in  the  different  tissues 
and  fluids  of  the  body  as  well  as  in  the  contents  of  the 
intestinal  canal.  We  will  consider  these  different  locali- 
ties in  regular  order,  but  in  a  very  brief  manner. 
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The  Blood.— The  typhoid  bacilli  aie  found  with  the 
greatest  constancy  in  the  blood.  In  the  earlier  examina- 
tions the  search  for  these  organisms  in  the  blood  gave 
very  unsatisfactory  results.  At  a  later  date,  however,  it 
was  found  that  by  the  use  of  blood  in  bouillon  highly 
diluted  the  presence  of  the  bacilli  could  be  demonstrated 
in  the  great  majority  of  cases. 

Ihe  Spleen. — Masses  of  the  bacteria  are  found  in  the 
sinuses  of  the  spleen,  and  splenic  puncture  has  been 
recommended  as  a  means  of  securing  an  early  diagnosis. 
Such  an  exploratory  puncture,  however,  is  not  free  from 
danger  to  the  patient,  and  the  procedure  is  therefore  not 
to  be  recommended. 

The  Rose  Spots. — ^The  bacilli  may  be  obtained  from 
these  spots  as  early  as  on  the  seventh  or  eighth  day  ap- 
parently, in  most  instances,  before  the  development,  in 
the  blood,  of  the  substances  which  give  rise  to  the  Widal 
reaction  (Hiss). 

The  Intestines  and  Their  Contents. — It  is  here  that  the 
bacilli  make  their  earliest  appearance  in  the  majority  of 
cases.  They  are  constantly  found  in  Peyer's  patches, 
and  more  particularly  at  the  base  of  those  which  are 
ulcerated.  They  pass  from  these  tissues  doubtless  by 
way  of  the  lymphatics,  and  find  lodgment  in  the  mesen- 
teric lymph  nodes.  Many  of  them  are  found  in  the 
phagocytic  cells  of  the  lymphatic  system  and  also  in  the 
fixed  phagocytic  connective-tissue  cells  of  the  spleen. 
They  are  found  also  in  large  numbers  in  the  fa?ces. 

TM  Liver. — In  this  organ  there  have  been  observed 
small  areas  of  degeneration,  which  have  been  termed 
focal  necroses.  They  are  caused  by  the  lodgment  of  the 
bacilli  at  these  points,  and  as  these  organisms  grow  their 
toxin  causes  a  degeneration  of  the  cells  surrounding 
them.  According  to  some  reports  the  bacilli  have  been 
found  in  the  gall  bladder  many  years  after  an  attack  of 
typhoid  fever,  and  it  is  even  believed  by  some  writers 
that  they  furnish  a  nucleus  for  the  formation  of  gall 
stones.     Bile  often  causes  an  agglutination  of  the  bacilli. 

The  Kidneys  and  the  Urine. — The  bacilli  have  been 
demonstrated  in  the  kidneys,  and  they  are  found  in  the 
urine  in  about  twenty-five  per  cent,  of  the  cases,  but  not 
before  the  fourteenth  or  fifteenth  day  of  the  disease ;  in 
fact,  they  are  not  to  be  found  in  the  urine  in  some  cases 
until  convalescence  is  established.  According  to  most 
observers  the  bacilli  may  persist  in  the  urine  for  days  or 
even  weeks.  It  is  even  claimed  by  some  authorities  that 
they  continue  to  be  present  in  the  urine  for  a  period  of 
several  months. 

The  Mouth  and  T/jroa*.— The  finding  of  typhoid  bacilli 
by  Besson  in  the  tonsils  of  six  out  of  ten  patients  investi- 
gated warrants  the  belief  that  they  also  exist  in  the 
mouth. 

The  Lungs.— In  some  rare  cases  in  which  there  has  been 
a  pneumonic  form  of  infection,  the  bacilH  have  been 
found  in  the  lungs.  Indeed,  in  those  cases  in  which  an 
overwhelming  blood  infection — in  other  words,  a  septi- 
csemia— occurs,  they  will  be  found  in  all  the  tissues  of  the 
body. 

As  the  infection  is  not  symmetrically  distributed  m  all 
cases,  there  can  be  no  one"  method  of  securing  an  early 
diagnosis.  Hence,  if  he  wishes  to  make  a  sure  bacterio- 
logical diagnosis,  the  bacteriologist  must  take  time,  and 
it  often  happens  that  the  clinician  can  be  fairly  certain 
of  his  diagnosis  before  he  hears  from  the  laboratory. 
Nevertheless,  a  bacteriological  diagnosis  is  most  impor- 
tant as  a  means  of  corroborating  the  clinical  diagnosis. 

Animals  infected  with  B.  typhosus  have  developed  only 
in  rare  instances  a  disease  at  all  comparable  to  that  in 
man.  So  far  as  practical  serum  therapy  is  concerned,  it 
has  ever,  in  this  disease,  shown  negative  results. 

Media  Used  as  an  Aid  to  the  Isolation  op  the 
Bacillus  Typhosus.— Many  different  media  have  been 
devised  for  use  in  isolating  this  organism,  but  there  are 
only  four  which  laave  stood  the  test  of  time,  and  which 
in  the  hands  of  the  trained  bacteriologist,  are  admitted 
to  be  more  or  less  effective  in  isolating  the  typhoid  bacilli. 
The  simplest  one  is  that  devised  by  Hiss.    For  complet- 


ing the  difl'erentiation,  howevtr.  Hiss  uses  two  different 
media.  His  first  step  is  to  plate  out  some  of  the  sus- 
pected material  in  a  medium  the  composition  of  which 
Is  as  follows : 

Ilias'  Plating  Medium. 

Gm. 
Agar ID. 

Gelatin 1,^. 

Liel)ig'se-\tract   5. 

Sodium  chloride 5. 

Dextrose 10. 

Distilled  water 1,000. 

The  agar  is  first  melted  and  then  the  rest  of  tlie  ingre. 
dients  are  added.  After  the  mixture  has  boiledfor  afew 
minutes,  it  is  allowed  to  cool  and  is  cleared  with  the 
white  of  two  eggs.  Then  it  should  be  boiled  again  and 
filtered  througli  a  thin  layer  of  absorbent  cotton.  Before 
filtering  see  that  the  total  amount  of  fluid  is  1,000  c.c. ; 
and,  if  it  be  found  to  be  less  than  this  amount,  add 
enough  hot  distilled  water  to  bring  it  up  to  that  point. 

I  have  found  that  this  is  one  of  the  most  important 
points  in  making  up  tliis  plating  medium.  No  acid  or 
alkali  need  be  added  to  the  mixture. 

In  this  plating  medium  the  typhoid  colonies  form 
thready  growths,  while  the  colon  colonies  are  i-ound  with 
smooth  edges.  The  colonies  showing  threads  are  fished 
out  and  plated  in  Hiss'  tube  medium,  which  is  composed 
as  follows: 

Eiss'  Tube  Medium. 

Gm. 

Agar 5. 

Gelatin 80. 

Liebig's  extract 5. 

Sodium  chloride 5. 

Dextrose  10.. 

Distilled  water 1,000. 

This  medium  differs  from  the  first,  as  will  be  observed, 
in  having  10  gm.  less  of  agar  and  6.5  gm.  more  of  gelatin. 
The  mixture  is  also  cleared  with  the  white  of  two  eggs 
and  is  corrected  to  1.5  acid,  phenolphthalein  being  the 
indicator. 

In  this  tube  medium  the  Bacillus  typhosus  clouds  it 
throughout  in  twenty-four  hours.  B.  coli  generally 
shows  growth  and  gas  formation  only  along  the  line  of 
puncture.  This  medium  has  given  us  many  excellent 
results,  and  I  prefer  it  to  all  the  others. 

Eisner's  Method  {after  P<irk).—l%i.  Grate  0.5  kgm.  of 
small  potates  to  a  fine  pulp  and  add  one  litre  of  cold 
water;  let  it  stand  over  night  in  a  cool  place. 

2d.  Wash  thoroughly  and  strain  through  a  fine  cloth. 
This  must  be  done  while  the  mixture  is  cold. 

3d.  Boil  the  filtrates  and  filter  again. 

4th.  Add  ten  per  cent,  of  gelatin  and  boil  until  it  is 
dissolved, 

5th.  Test  the  acidity  and  have  it  so  that  3  c.c,  of  a 
decinormal  sodium-hydrate  solution  will  neutrahze  10 
CO.  of  the  medium,  phenolphthalein  being  the  indicator. 

6th.  Boil  and  clear  with  egg. 

7th.  Filter  through  cotton  and  then  through  paper. 

8th.  To  the  fill  rate  add  one  per  cent,  of  potassium 
iodide.  (Use  a  solution  so  made  that  1  c.c.  shall  contain 
1  gm.  of  the  salt.) 

9th.  Decant  into  tubes  and  sterilize. 

The  incubator  for  this  medium  must  be  kept  at  from 

33°  to  34°  C.  ,     . 

The  plates  must  be  thoroughly  cooled  before  placing 
in  the  incubator,  as  otherwise  the  difference  between  B. 
typhosus  and  B.  coli  would  not  be  observed. 

The  colon  colonies  aie  the  first  to  develop.  They  are 
rough  and  granular,  and  have  a  greenish-brown  color ; 
later,  the  typhoid  colonies  develop  and  are  small,  white, 
and  gleaming,  and  can  best  be  described  as  being  dew- 
drop-hke  in  appearance,  although  occasionally  somewhat 
granular.  This  is  apt  to  cause  some  confusion  in  the 
mind  of  the  beginner,  but  one  who  is  familiar  with  the 
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use  of  this  medium  is  very  little  likely  to  make  a  mistiikc. 
The  potassium  iodide  prevents  nearly  all  other  organisms 
from  developing  in  this  medium. 

This  plating  medium,  used  in  conjunction  with  Hiss' 
tube  medium,  gives  us  a  very  satisfactory  differential 
method. 

The  Capaldi  plating  medium  and  that  formulated  by 
von  Drigalski  and  Conradi  have  in  my  hands  furnished 
such  variable  results  that  I  scarcely  think  it  necessary  to 
describe  them  here.  The  latter  is  a  very  complicated 
medium,  by  no  means  easy  to  prepare. 

Distribution  of  the  Bacilli  Outside  tlie  Body. — The  Ba- 
cillus typhosus  may  remain  in  contaminated  soil  for  from 
two  to  three  months,  and  in  water  for  nearly  the  same 
length  of  time.  On  the  other  hand,  if  either  the  soil  or 
the  water  contains  enough  organic  matter  for  the  support 
of  the  organism,  it  may  remain  there  indefinitely. 

The  past  few  years  have  witnessed  no  change  in  our 
Ideas  regarding  the  transmission  of  typhoid  fever.  In 
fact,  the  theories  of  that  time  have  merely  been  strength- 
ened, and  all  are  now  agreed  that  in  the  vast  majority 
of  cases  it  is  through  the  alimentary  tract  that  the  infec- 
tion gains  entrance  to  our  system.  In  a  few  rare  in- 
stances it  is  believed  that  the  infection  has  been  brought 
about  hy  the  inhalation  of  the  Bacillus  typhosus  into  the 
lungs. 

There  still  remain  to  be  considered  the  different  methods 
■by  which  this  organism  can  gain  entrance  to  the  intes- 
tines. First,  we  may  have  a  direct  infection,  that  is, 
from  a  person  suffering  from  the  disease  to  one  who  lias 
come  in  contact  with  the  patient.  When  infection  oc- 
curs in  this  manner  some  infected  material  must  pass, 
through  carelessness,  to  the  alimentary  canal  of  the  in- 
dividual contracting  the  disease;  for,  if  perfect  cleanliness 
and  caution  are  observed,  this  form  of  infection  need 
never  occur. 

Unless  the  excreta  of  the  patient  be  thoroughly  disin- 
fected they  will  pollute  tlie  soil,  and  the  infective  organ- 
isms which  they  contain  will  remain  quiescent  until  they 
are  washed  into  some  water  supply,  from  which  they 
gain  entrance  into  some  other  human  being.  This  may 
happen  in  any  of  the  following  ways:  directly,  as  in 
dnnking  water  or  in  ice,  or  in  milk  to  which  contami- 
nated water  has  been  added,  either  for  purposes  of  dilu- 
tion or  in  cleansing  the  receptacle.  In  milk  the  bacilli 
will  multiply  rapidly,  unless  the  milk  be  kept  constantly 
iced.  If  there  be  a  large  source  of  pollution,  from  which 
the  polluted  material  drains  into  a  river  or  creek  the  sub- 
merged banks  of  which  arc  used  for  the  fattening  of  oys- 
ters, these  will  take  in  the  bacilli  and  will  furnish  them 
If  decomposition  should  begin  to  develop  in  the  host,  witli 
a  soil  most  favorable  for  their  rapid  multiplication  It  is 
under  these  circumstances  that  oysters  may  serve  as  the 
source  of  typhoid  infection  among  those  who  eat  them  in 
an  uncooked  state.  (At  some  later  date  tlie  author  pro- 
poses to  publish  the  experiments  which  he  has  made  in 
this  special  field.) 

If  the  excreta  be  thrown  into  sinks  and  privies  where 
flies  congregate  m  large  numbers,  these  insects  will  trans- 
fer the  infected  material  to  the  house— j.«.,  they  will  de 
posit  it  upon  any  food,  cooked  or  uncooked,  to  which 
they  may  gam  access.  This  is  probably  a  frequent 
mode  of  spreading  typhoid  infection  among  the  diilerent 

Skpn^'n  °^t  ^frt  ^^'''  °"«  °f  '■'>"'■  number  liafbeen 
taken  ill  with  the  disease.     Nothing  short  of  the  most 

tjphdf  Lver  '°''°°""'  prevent  !uch  a  spreading  of 
Eaw  vegetables  may  serve  as  carriers  of  the  disease 
provided  they  have  been  watered  with  infected  material 
or  have  been  washed  in  infected  water,  in  preparation 
for  their  appearance  on  the  table. 

Ice  cream,  when  manufactured  of  milk  or  cream  which 
contains  typhoid  bacilli,  and  whicli  has  not  been  cooked 
may  serve  to  communicate  the  disease 

Major  Firth,  of  the  English  Army  Medical  Corps,  has 
recently  shown  that  clothing  which  has  been  soiled  by 
the  excreta  of  a  patient  suffering  with  this  disease  may 
retain  the  virulent  typhoid  bacilli  at  the  end  of  eighty- 
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four  days.  Consequently  soiled  clothing,  unless  disin- 
fected, may  be  a  means  of  spreading  the  disease.  The 
same  authoritj'-  has  also  shown  that  the  bacilli  may  re- 
main fully  virulent  in  the  soil  for  eighty-flve  days,  and 
we  know  from  other  observations  that  it  can  remain  so 
for  much  longer  periods.  Major  Firth  also  claims  that 
they  may  retain  their  virulence  for  twenty-flve  days  after 
having  been  dried  and  blown  about  as  dust.  If  this  be 
so,  it  is  certainly  a  matter  of  great  importance,  for  it 
shows  that  the  typhoid  bacillus  is  a  much  more  resistant 
organism  than  we  have  given  it  credit  for  being.  This 
observation,  however,  must  first  be  confirmed  by  other 
authorities  before  we  can  accept  it  as  a  fact. 

To  sum  up,  then,  we  find  that  there  are  three  great 
roads  by  which  infection  reaches  human  beings.  These 
are,  first,  personal  contamination  from  person  to  person; 
second,  contamination  of  water  supply  and  therefore  of 
milk  and  food;  and  third,  the  spread  of  the  bacilli  by 
household  insects  such  as  flies,  cockroaches,  etc.  [See 
also  tlie  article  on  Baccilli  Carriers  in  the  Refekence 
Handbook,  vol.  viii.,  page  405.] 

From  this  it  will  be  seen  that  the  great  weapons  for 
combating  the  spread  of  this  disease  are,  first,  thorough 
disinfection  of  ail  excreta  from  the  patient  (including 
tlie  urine;  second,  the  thorough  sanitary  suiiervision  of 
our  water  supplies  so  tuat  our  water-sheds  may  escape 
contamination.  Cyrus  West  Field. 
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URINARY  SEGREGATION.— Present-day  renal  sur- 
gery demands  that  no  kidney  be  made  the  subject 
of  operative  intervention  unless  its  condition  is  known, 
and  the  functionability  of  its  fellow  established.  The 
rapid  advance  in  diagnostic  methods  has,  in  the  past 
twenty  years,  produced  a  number  of  procedures  to  ob- 
tain the  urine  separately  from  each  kidney.  The  sepa- 
rate urines  secured  can  be  examined  separjitely  for  evi- 
dence of  the  condition  of  each  kidney.  The  other 
methods  of  diagnosing  renal  disease  may  be  considered 
as  complementary  to  separate  uranalysis,  though  in 
many  if  not  all  cases  they  are  of  transcendent  impor- 
tance.    The  principal    methods    are:     1,    radiography; 

2,  intravesical  separation  or  segregation  of  the  urines; 

3,  ureteral  catheterism;  4,  microscopic  and  chemical 
uranalysis;  .5,  the  phloridzin  test;  6,  cryoscopy. 
The  less  precise  but  often  useful  method,  palpation  of 
the  kidneys  and  ureters,  has  not  been  crowded  into  dis- 
use by  the  newer  and  more  exact  ones.  For  the 
sake  of  as  much  completeness  as  is  possible  it  is  here 
noted  that  the  ureters  can  often  be  palpated  through 
the  vagina  and  the  rectum.  An  almost  separate  place 
IS  occupied  by  ureteric  meatoscopy. 

_  The  principal  reasons  for  one  or  more  of  these  exam- 
inations are :  the  surgical  treatment  of  acute  or  chronic 
nephritis ;  the  removal  of  renal  or  ureteral  calculi :  ne- 
phropexy; removal  of  the  kidney  when  destroyed  by 
suppuration  beyond  usefulness;  renal  tuberculosis; 
malignant  disease ;  differentiation  of  those  vesical  dis- 
eases that  may  simulate  renal  affections,  as  epithelioma 
encroaching  upon  the  mouth  of  a  ureter,  infection  as- 
cendma;  the  ureter  from  the  bladder,  a  benign  growth 
(papilloma)  or  simple  ulcer  near  the  ureteral  meatus; 
calculus  wedsred  into  the  ureter;  vesical  and  penile 
manifestations  of  renal  disease,  otherwise  symptomless 
hajmaturia,  pyuria,  and  chyluria ;  diseases  of  neighbor- 
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ing  organs  that  may  simulate  vesical,  ureteral,  and  renal 
affections,  as  appendicitis,  diseases  or  displacements  of 
the  female  genitalia. 

Radiography  {vide  Vol.  VI.,  p.  989,  Calculi). — ^AVhen 
for  any  reason,  such  as  stricture  of  the  ureter,  a  laterally 
very  much  enlarged  prostate,  a  vesical  neoplasm,  copi- 
ous, imminently  dangerous  ha;maturia,  etc.,  the  urine 
separately  from  each  kidney  cannot  be  obtained,  ex- 
pert radiography  can  quickly  indicate  which  kidney  is 
diseased  and,  in  many  instances,  even  the  character  of 
disease  or  deformity,  e.g.,  stone,  cancer,  single  kidney, 
horseshoe  kidney,  etc.  Radiography  is  also  valuable 
as  a  confirmatory  means  of  diagnosis,  even  when  sep- 
aration of  the  urines  is  perfectly  performed.  It  is 
especially  valuable  in  combination  with  ureteral  cathe- 
terism  when  ureteral  kinking  or  sigmate  ureter  ((ial- 
lant)  does  not  materially  impede  ureteral  cathetcrism 
and  the  distortion  consequently  is  not  evident.  Radi- 
ography, then,  with  a  metal  ureteral  sound,  or  a  stylette 
in  the  ureteral  catheter,  will  serve  to  reveal  the  ureter's 
abnormal  course. 

Beck,'  in  describing  his  technique  of  localizing  renal 
and  ureteral  calculi,  says:  "  It  is  one  of  the  strange 
phenomena  in  medicine  that,  in  the  face  of  the  most 
abundant  proofs  of  the  reliability  of  renal  skiagraphy, 
some  of  the  best  text-books  still  hesitate  to  recommend 
the  method ;  some  others  even  openly  warn  the  practi- 
tioner against  it.  .  .  Whatever  errors  have  been  com- 
mitted were  of  the  individual,  not  of  the  method.  .  .  . 
A  definite  diagnosis  in  suspected  lithiasis  can  be  made 
in  each  and  every  instance." 

Means  and  methods  of  diagnosis  not  predicated  upon 
obtaining  the  urines  separately  from  each  kidney  are 
discussed  under  their  respective  heads  in  various  parts 
of  this  work.  Reference  to  them  will  be  rnade  when- 
ever necessary  to  complement  the  special  subject. 

Ureteric  meato.icopy,  although  not  dependent  upon 
obtaining  the  separate  urines,  merits  consideration  to- 
gether, with  the  subject  in  hand.  Inspection  of  the  ure- 
teral meatus,  whether  altered  in  shape,  thickness,  color; 
its  action  in  ejecting  urine,  clear  or  with  perceptible  ab- 
normal mixtures,  was  developed  into  ■■>.  science  by  Fen- 
wick  2  as  a  result  of  a  vast  number  of  cystoscopies. 
This  aid  to  diagnosis  is,  however,  necessarily  reserved 
to  those  few  gifted  with  extraordinary  powers  of  ob- 
servation and  'special  ability  for  visual  differentiation, 
in  addition  to  remarkable  skill  in  correcting  that  dis- 
tortion of  the  image  which  inevitably  results  from  even 
the  slightest  misdirection  of  the  cystoscopic  lens.  The 
value  of  Fenwick's  meatoscopy  to  those  who  cannot  at- 
tain his  skill  is  essentially  in  the  guide  it  gives  to  avoid- 
ing ureteral  catheterism  of  the  healthy  side  and  conse- 
quently safeguarding  it  from  the  risks  of  inevitable 
shght  traumatism  and  possible  infection.  That  Fen- 
wick's  method  is  not  illusory  is  proven  by  hi.s  large  iist 
of  published  cases,  in  which  the  diagnosis  made  by  ure- 
teric meatoscopy  was  confirmed  by  subsequent  opera- 
tion. , 

Segregators  are  ingenious  developments  from  the  now 
naturally  discarded  methods  of  manual  or  mechanical 
compression  by  means  of  which  it  formerly  wa|  at- 
tempted to  occlude  one  ureter  for  the  purpose  of  ob- 
taining unmixed   the  urine  from  the  other. 

The  principal  types  of  segregators  are  the  Harris  in- 
strument and  the  Downes  separate-urine  siphon.  Har- 
ris 3  described  the  principle  underlying  his  device  as 
follows-  "  The  segregator  takes  advantage  of  the  ana- 
tomic fact  of  the  separateness  of  the  ureters  as  they 
enter  the  bladder,  and  by  mechanically  prolonging  them 
to  the  exterior  of  the  body  segregates  the  urines  into 
separate  vials."  , 

The  employment  of  the  Harris  segregator  may^  be 
briefly  described  by  condensing  the  author  s  directions 
for  its  use.i  "  The  patient  ...  is  placed  comfortably 
on  a  table  in  the  ordinary  lithotomy  position  with  the 
hips  slightlv  elevated.  The  instrument,  with  the  flat- 
tened stu-faces  in  contact  so  a.s  to  form  practically  a 
single  catheter  (Fig.  3078,  Vol.  V.,  p.  355),  is  introduced 
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into  the  bladder  in  the  ordinary  way.  So  soon  a>,  the 
proximal,  curved  extremity  is  within  the  bladder  .  . 
each  catheter  (contained  in  the  external  sheath)  is  ro- 
tated about  its  longitudinal  axis  until  it.s  proxinial  end, 
as  indicated  by  its  distnl  end,  is  directed  outward  and 
back\\ard  (Fig.  3079,  Vol.  V.,  p.  356).  .  .  .  They  are 
then  held  in  position  by  a  small  spiral  spring.  .  .  .  The 
lever  (Fig.  30.'<0,  Vol.  V.,  p.  356)  is  now  introduced  into 
the  vagina  in  the  female  or  rectum  in  the  male.  By 
gentle  pressure  forward  directly  in  the  mid-line,  the  base 
of  the  bladder  is  raised  into  a  longitudinal  fold  between 
the  ureteral  openings.  .  .  .  The  end  of  each  catheter 
now  lies  at  the  most  dependent  part  of  a  little  pocket, 
a  perfect  watershed  separating  the  two.  .  .  By  pro- 
ducing a  gentle  exhaustion  of  the  air  in  the  vials  by 
means  of  the  bulb,  the  urine,  as  fast  as  it  escapes  from 
the  ureters,  .  .  flows  at  once  into  the  vials,  right  and 
left  respectively." 

The  Downes  separnte-urine  siphon  was  presented  »  as 
"  an  improvement  on  the  Harris  instrument,  simpler  in 
construction,  requiring  no  suction  apparatus  and  relying 
upon  siphonage  alone  for  obtaining  the  urines  sepa- 
rately from  each  kidney."  Recent  forms  of  this  instru- 
ment (Fig.  5276)  obviate  the  necessity  of  rotating  the 
beaks,  which  turn  after  insertion,  21 1  degrees  from  the 
central  base-line  of  the  bladder.  The  enlarged  intraves- 
ical end  of  each  beak  has  a  number  of  perforations,  which 


Fig.  5276.— Downes'  Separate-Urine  Siphon. 

transmit  the  urine  into  the  sulci  formed  at  each  side  of 
the  mesial  line  by  the  lever  (see  Fig.  5276"!  in  the  va- 
gina or  rectum.  The  sulci  or  watersheds  so  forrned 
give  their  contents  to  an  "  egress-opening  "  traversing 
each  catheter,  through  which  they  are  siphoned  to 
receptacles  prepared  to  receive  them.  The  author  pre- 
sents numerous  tests  of  the  efficacy  of  his  separate- 
urine  siphon;  these  tests  are  identical  with  these  pre- 
sented by  the  other  instruments  devised  for  the  same 
purpose.  He  concedes,  however,  that  it  "is  not  as  use- 
ful in  the  male  bladder." 

Cathelin's  divisor  and  Luys'  separator  are  modern  de- 
velopments from  several  instruments,  most  of  which 
were  purelv  experimental. 

Cathelin's  graduated  vesical  divisor  (to  condense 
from  a  paper  by  the  present  writer  =)  relies  essentially 
upon  a  delicate  "rubber  membrane,  set  into  a  very  fine 
steel  frame,  wliich,  when  pu.=hed  into  the  bladder,  adapts 
itself  to  all  the  inequalities  of  its  inner  surface,  and  ver- 
tical) v  partitions  the  viscus  into  two  equal  halves  (Fig. 
5277).  Catheters  projecting  into  each  half  carry  the 
urine  from  each  ureter  through  the  instrument  to  sepa- 
rate vials  that  receive  it  separately.  The  mechanism 
by  which  this  is  accomplished  consists  of  a  narro^\  shaft 
terminating  as  a  short-beaked  catheter.  The  upper 
surface  of  the  shaft  is  partly  grooved  to  shghtly  beyond 
its  curved  beak;  thenceforward  to  its  distal  extremity 
it  is  a  closed  canal.  The  closed  canal  allows  free  trans- 
mission of  the  stem  to  which  the  spring  with  its  rubber 
membrane  is  attached.  Withdrawal  of  the  stem  folds 
the  membrane  into  the  shaft ;  pushing  it  forward  thrusts 
the  spring  with  its  membrane  into  the  bladder,  allows  it 
to  unfold  itself  vertically  and  to  fit  itself  to  the  bladder 
walls  The  shaft  of  the  newest  model  grasps  two  metal 
catheters,  which  are  turned  from  the  central  shaft  to 
siphon  the  urine  separately  as  it  escapes  from  the 
ureters  (Fig.  5278). 

Discussing  the  means  of  obtaining  the  separate  urines 
from  each  kidney,  Cathelin  '  emphasizes  that  the  at- 
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rected  kidney  in  renal  tuberculosis  is  rarely  large  or  dis- 
tended; consequently  palpation  cannot,  in  such  case, 
reveal  which  kidney  is  involved.  Furthermore,  pam, 
which  is  not  always  present,  is  a  deceptive  guide,  as 


Fig.  5277.— The  Sfemlirane  ot  Cathelin's  Instrument  Dividing  the 
Bladder  into  two  Compartments  ;  each  of  tlie  catheters  in  its  re- 
specti^e  chamber. 

when  present  it  may  be  referred  to  the  opposite  side. 
The  uncertainty  remains  even  after  cj'.stoscopy  and 
ureteric  meatoscopy.  So  also  pain  on  ureteral  pressure 
at  the  umbilical  or  iliac  levels,  or  that  produced  by 
ureteral  palpation  through  the  rectum  or  vagina,  may 
fail  to  determine  which  kidney  is  affected. 

Cathelin  further  insists  that  inasmuch  as  in  nearly 
all  cases  of  even  beginning  renal  tuberculo.sis  the  l)ladder 
is  infected,  ureteral  catheterism  endangers  the  healthy 


valve  and  by  the  erosions  the  catheter  may  produce 
along  the  pyelo-ureteral  mucosa.  That  such  trauma- 
tism or  erosion  or  both  occur  is  evident  from  the  slight 


Fia.  .5278.— Cathelin's  Intravesical  nivisoriii  silii.  Tlie  li^'lit  intravc 
septuni,  dividing  the  likulder  into  two  clianiljers  :  the  catlieti-r  is  sli 
chamber,  close  to  the  ureteral  oixiniug,  autumatlcally  siiilioniui.'  tlie 

kidney;     not   necessarily   liy  the   carrying    of   microbes    I 
alonif  with  the  catheter  from  tlie  infected  bladd(>r,  but 
by  the  traumatisms  inflicted  on  traversing  the  ureteral    [ 
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Fm.  .5279.  — Schematic  Design  lo  Bhow  Possibility  of  a  Part  of  the  Urine 
Escaping  from  Renal  Pelvis  alongside  tlie  "ureteral  catheter  at  a 
and  h  while  another  part  of  the  urine  is  Urained  oft  by  the  catheter. 

bleeding  which  is  nearly  always  provoked  bj^  ureteral 
catheterism  even  when  performed  with  the  greatest  pos- 
sible gentleness  and  in  a  healthy  subject. 

Cathelin  also  insists  that  the  ureteral  catheter  does 
not  always  sufficiently  block  the  ureter  to  prevent  seep- 
ing of  urine  between  it  and  the  ureter.  He  shows  this 
in  a  schematic  drawing  (Fig.  5279"!.  To  the  -writer  this 
objection  does  not  seem  as  co- 
gent as  do  the  others  which  Cath- 
elin advances.  The  percolation 
of  urine  alongside  the  ureteral 
catheter  is  avoidable  by  using 
an  instrument  of  proper  calibre 
when  the  rhythmical  contrac- 
tions of  the  ureter  do  not  suffice 
firmly  to  grasp  the  catheter.  In 
cases,  as  of  ureteral  stricture, 
where  a  sufficiently  large  cath- 
eter cannot  be  passed,  or  where 
ureteral  peristalsis  is  abolished, 
Nitze's  balloonii\g  ureteral  cath- 
eter will  certainlj'  .arrest  the  flow 
of  urine  in  any  other  course  ex- 
cept through  the  catheter. 

In  another  schematic  draw- 
ing (Fig.  52,S0)  Cathelin  pre- 
sents an  additional  argument 
against  ureteral  catheterism. 
Fie  ilistinctly  reproaches  the 
ureteral  catheter  with  inability 
to  drain  completely  a  renal  re- 
tention, which  he  deems  a  likely 
cause  of  error  in  diagnosis  and 
treatment.  It  seems  to  the  present  writer  that  Cathe- 
lin docs  not  here  consider  the  sireat  pliability  of  the  ure- 
teral catheter,  which  phability  is  vastly  increased  by 


steal  part  is  the  soft-nihber 
>\vn  projeciing  into  the  right 
urine  Iheterrom. 
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the  body  heat  as  the  instrument  traverses  tlie  ureter 
This  may  cause  the  catheter  to  bend  alonfi  tlie  inner 
walls  of  the  renal  pelvis,  without  materially  injurint'  it 
and,  if  propelled  sufficiently,  to  dip  its  eye  as  deep  as 


Fig.  5380  - 


•Diagram  to  Show  how  a  Ureteral  Catheter  may  not  Drain 
a  Pouch  of  Renal  Retention. 


necessary  into  the  expanded  ureteral  pelvis  (see  Y\%. 
5280,  .1)  to  drain  it  of  the  urine  retained.  Even  sliould 
this  not  suffice  to  accomplish  the  end  in  view,  raisinti;  the 
enlarged  kidney  will  dip  the  catheter's  tip  into  the 
retained  urine.  In  practice  the  prompt  results  of  ure- 
teral catheterism  in  renal  retention  are  too  well  known 
to  merit  discussion. 

Oathelin,  however,  does  not  discard  ureteral  catheter- 
ism or  any  of  the  other  methods  of  differentiation  be- 
tween the  healthy  and  the  di.seased  kidney;  for,  while  he 
gives  preference  to  his  divisor,  he  broadly  holds  that 
each  procedure  has  its  place  in  suitable  cases. 

Luy?  «  describes  his  separator  as  consistins'  of  a  cen- 
tral metallic  staff,  with  a  beak  curved  like  that  of  the 
Guyon  sound  (Fig.  .5281).  In  the  beak's  concavity 
and  fastened  to  its  tip  is  a  chain  similar  to  a  chain-saw, 
which  is  rendered  taut  or  slack  l)y  means  of  the  screw- 
head  at  the  distal  extremity.  This  central  staff  is  in- 
serted into  a  soft-rubber  cover.  Two  metalhc  cathetei-s 
flattened  on  their  inner  surfaces,  and  curved  like  the 
central  staff,  with  three  orifices  in  each  for  the  escape  of 
urine,  are  attached  to  the  central  staff,  into  the  handle, 
and  by  a  smooth  screw-cap  at  the  tip  (Fig.  .5282).  The 
instrument   so    assembled   has    a  calibre  of  22   F.     A 


JFiG.  5281. 


-The  Luys  Separator.  Mounted ;   Showing  the  Memhrane 
in  Place  and  Detached. 


smaller  separator  (1.5  F.)  with  a  more  markedly  curved 
beak  is  used  for  children.  Luys  recites  one  instance 
of  a  girl  six  and  one-half  years  old,  and  another  of  nine 
in  whom  he  successfully  obtained  the  separate  urines  by 
means  of  this  instrument.     In  both  cases  he  was  thus 


enabled  to  diagnose  left  pyonepiirosis.  In  these  ca^es 
the  s'eparator  was  left  in  place  for  fifteen  and  twenty 
mmutes  respectively.  '     - 

Luys  advises  the  injection  of  several  cubic  cntinietres 
ot  one-per-cent.  stovain  into  the  deep  urethra  severd 
ininutes  l)efore  inserting  the  instrument,  when  the  nieni- 
branon.s  portion  is  exceedingly  sensitive,  or  when  de  il- 
ing  with  a  pusillanimous  subject.  In  some  cases  lie 
deems  it  well  to  administer  a  small  rectal  injection  con- 
taining a  grain  of  antipyrin  with  several  drops  uf 
laudanum  about  an  hour  before  usina:  tlic  instrument 
He  hirther  advises  tliat  the  bowels  be  emptied,  lest  in- 
testinal peristalsis  prochice  such  pain  as  to  compel  in- 
terruption of  the  separation.  Except  in  cases  of  renal 
hcTinaturia,  the  author  advises  a  subcutaneous  injection 
of  a  cubic  centimetre  of  five  per  cent,  of  methylene  blue 
in  sterilized  water,  two  hours  before  the  separation,  to 
determine  renal  permeability. 

The  instrument  is  inserted  in  the  manner  usually  em- 
ployed for  the  Guyon  sounds.  Two  fintrers  stop  the 
catheters  that  project  at  the  handle,  while  the  screw- 
head  is  turned  to  its  fullest  extent,  rendering  the  chain 
tense  and  thus  raising  the  rubber  cover  into  a  told  which 
divides  the  lower  part  of  tlie  bladder.  To  prevent  mix- 
ing the  urines  from  each  kidney,  the  curved  end  of  the 
separator  is  pressed  to  the  base  of  the  bladder.  The 
back  of  tlie  operating  table  is  then  elevated  to  raise  the 
patient  into  the  sitting  position ;  his  or  her  legs  are 
then  placed  into  stirrups  at  either  side  of  the  table's 
foot-board,  and  the  handle  of  the  separator  rested  upon 
a  support,  which  also  has  vials  to  receive  the  urine  as  it 
drips  from  each  catheter  (Fig.  .528.3).  Luys,  however, 
does  not  regularly  use  this  support,  as  the  hand  can 
better  keep  the  curve  of  the  separator  in  close  contact 
with  the  vesical  neck.  The  author  says  {op.  cit.,  p.  42.5) 
that  he  has  often  left  his  separator  in  plaee  for  forty-five 


\^ 


"\ 


Fig.  5283.- 


-The  Luys  Separator,  Dismounted  ; 
Parts. 


Showing  the  Various 


minutes  to  an  hour,  without  in  the  slightest  degree 
inconveniencing  the  patient. 

Luys  claims  the  following  advantages  for  intravesical 
separation  of  the  urine  over  ureteral  catheterism: 
1,  that  it  is  simpler;  2,  that  it  can  be  employed  in  a 
greater  number  of  cases;  ,'3,  that  it  entails  no  dangers; 
and  4,  that  the  information  ilerived  when  the  instru- 
ment is  properly  employed  is,  if  not  better,  at  least  as 
rigorously  precise  as  that  furnished  by  ureteral  cathe- 
terism. 

Vale  '  of  Washington  advances  the  following  points 
ot  superiority  for  the  Luys  separator:  "  Its  simplicity 
and  freeilom  from  all  tlanger  reduces  urinary  separation 
from  the  dignity  of  an  operation  to  a  procedure.  .  .  . 
Tuberculosis  of  one  kidney  or  an  infected  bladder  do  not 
constitute  contraindications  to  urinary  separation  with 
this  instrument.  In  children,  in  prostatics,  and  in  pa- 
tients with  a  reduced  bladder  capacity  it  is  successful, 
when  catheterization  may  be  impossible.  Among  Luys' 
cases,  however,  I  find  one  in  which  separation  could  not 
be  effected,  because  the  use  of  any  instrument  caused 
bleeding  in  passing  the  prostate,  and  the  blood-clots 
plugged  the  mouths  of  the  catheters." 

V.  Frisch  '"  thus  sums  up  consideration  of  the  instru- 
ments mentioned.  "  None  of  these  apparatus  positively 
insures  against  mixture  of  urine  from  both  sides.  .  .  . 
The  slightest  change  of  shape  of  the  prostate  produces 
quite  unreUable  results,     lloreover,  none  of  these   in- 
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struments  is  applicable  in  severp,  especially  ulcerative, 
affections  of  the  bladder,  in  which  we  must  count  on 
admixture  of  catarrhal  secretions  and  blood,  even 
though  the  bladder  has  been  previously  irrigated  as 
thoroughly  as  possible.  The  problem  to  separate  the 
urine  from  each  kidney  in  an  unexceptionable  manner 
could  be  solved  only  by  direct  ureteral  catheterism." 
Despite  this  authoritative  condemnation  of  divisors, 
separators,  segregators  etc.,  it  is  undeniable  tliat,  in 
the  hands  of  the  authors  and  those  directly  instructed 


FIO.  5283.— The  Luys  Separator  in  Operation.    Tlie  (sitting  position  is 
necessary  iu  order  to  bave  the  separation  complete. 

by  them,  the  urine  from  each  kidney  is  successfully  0I5- 
tained. 

Still,  those  who  are  not  deterred  by  the  apparently 
complicated  character  of  the  ureter-catheterizing  cysto- 
Bcope,  and  who  are  conscious  of  possessing  a  certain 
amount  of  manual  dexterity,  prefer 

Ureteral  catheterism  to  other  means  of  obtaining  sep- 
arate urines  from  each  kidney. 

Aside  from  all  other  considerations,  ureteral  catheterism 
possesses  an  advantage  not  available  to  the  other  meth- 
ods. The  others,  even  when  acting  perfectly  and  in  an 
extremely  tolerant  bladder,  cannot  be  employed,  at  the 
utmost,  beyond  thirty  minutes.  This  is  "denied  ijy 
Luys,  who  .separated  the  urine  for  a  whole  hour.  Even 
then  the  urines  so  obtained  represent  only  the  amount  se- 
creted during  that  time.  Ureteral  catlieters  can  l)e  re- 
tained for  twenty-four  or  even  forty-eight  hours,  and 
can  then  be  removed  and  replaced  by  others  with  only 
the  loss  of  tliat  little  urine  which  escapes  between  the 
removal  of  one  catheter  and  the  insertion  of  another. 
Thus  the  entire  quantity  of  urine  for  twenty-four  hours 
from  each  kidney  can  be  obtained  for  examination, 
and  tlie  act  repeated  as  often  as  may  be  necessary  for 
an  absolute  diagnosis  and  the  treatnient  of  unih'rteral 
ureteral  or  renal  conditions,  when  they  do  not  require 
major  surgical  intervention. 

As  readily  performed  and  as  well  liorne  as  ureteral 
catheterism  is  iu  the  majority  of  cases,  it  is  by  no  means 


always  an  innocuous  procedure.  Nitze,  in  his  posthu- 
mous work,"  emphasizes  that  it  "  is  not  a  harmless  in- 
tervention, but  a  more  or  less  dangerous  one."  He  con- 
cludes that  the  danger  is  minimal  when  the  urethra, 
bladder,  and  kidneys  are  normal,  but  adds  that  then  the 
intervention  is  unnecessary.  Manifestly,  when  a  cysto- 
scope  carrj'ing  a  ureteral  catheter  traverse.s  an  infected 
urethra  or  bladder  it  is  only  a  matter  of  accident  when 
the  ureter  is  not  infected  thereby.  On  the  other  hand, 
it  is  undeniable  that  in  the  very  cases  in  which  ureteral 
catheterism  is  most  valuable  for  diagnostic  purposes 
its  dangers  arc  considerable.  Nitze  points  out  that  it 
is  permissible  only  when  the  operator  is  positive  that 
the  intervention  will  result  in  a  certitude  which  is  a 
gain  for  the  patient  greater  than  the  danger  to  which 
ureteral  catheterism  exposes  him. 

Before  Nitze 's  genius  gave  the  profession  his  per- 
fectcil  catheterizing  cj-stoscope,  a  number  of  methods 
and  instruments  had  been  devised  to  the  same  end; 
their  interest  is  now  but  historic.  Since  Nitze's  first 
presentation  of  his  catheterizing  cystoscope,  a  number 
of  other  instruments  for  the  same  purposes  have  been 
offered  the  profession. 

The  Kelly  tube,  without  the  aid  of  an  optical  appa- 
ratus, and  by  po.stural  air-dilatation  of  the  bladder,  ex- 
poses the  ureteral  mouths  to  reflected  light.  The  latter 
is  not  a  mne  qua  ncn,  as  the  present  writer  witnessed 
Kelly  catheterize  both  ureters  by  means  of  the  Valen- 
tine urethroscope  in  March,  1899.  The  instruments 
u.scd  by  Kelly,  and  the  technique  of  ureteral  catheter- 
ism as  practised  by  him,  are  fully  described  in  Vol.  I., 
p.  778  e(  seq.,  of  this  work.  The  question  of  priority  in 
visual  ureteral  catheterism  through  the  urethra  is  brief- 
ly disposed  of  by  Fuller:'-  ''  Although  Kelly  was  not 
the  originator  of  the  method  he  employs,  Paw  lick  and 
Neumann  being  his  predecessors,  still  he  has  done  so 
much  in  the  way  of  developinc  ideas  and  making  the 
procedure  practical  that  it  is  proper  to  give  him  chief 
credit." 

Kelly,  by  lengthening  his  tube,  endeavored  to  ex- 
tend its  usefulness  to  catheterism  of  the  male  ureters. 
Attempts  made  by  others  to  use  this  instrument  in  any 
but  female  patients  have  not  proven  successful. 

Luys  '  presents  as  his  cystoscope  a  lengthened  Val- 
entine urethroscope,  wdiich  was  discarded  by  the  present 
writer  when  in  practice  its  inefficiency  for  bladder  work 
became  evident. 

Many  other  instruments  for  dilating  the  bladder  with 
air  for  cystoscopy  and  ureteral  catheterism  have  been 
devised.  Some  of  these  are  arranged  for  use  with  air 
or  water;  .some  are  essentially  tubes  carrying  a  Nitsie 
intravesical  light;  others  have  as  an  optical  apparatus 
an  adaptation  of  the  terrestrial  telescopy,  arranged  to 
augment  the  field  of  vision.  .\11,  however,  serve  to  de- 
monstrate the  uncertainty  of  air  as  a  vesical  dilating 
medium,  except  when  used  with  the  Kelly  tube  in 
females. 

The  essential  difference  between  the  two  general  forms 
of  ureter-catheterizing  cystoscopes  is  in  the  manner  in 
which  the  ureteral  catheter  is  directed  after  its  tip  has 
been  projected  out  of  the  canal  carrying  it. 

Tlie  Nitze  cystoscopy  accomplishes  this  by  means  of 
the  Albarran  "  onalet,"  a  little  lever  shaped  somewhat 
like  a  human  finger-nail,  liy  which  any  desired  angle  can 
lie  given  to  the  ureteral  catheter  by  means  of  a  screw 
near  the  ocular  end  of  the  cystoscope  (Fig.  ,5284). 

Nitze's  cysto.scope  for  simultaneous  catheterism  of 
both  ureters  is  provided  with  double  catheter-carriers 
(Fig.  5285),  which  improvement  Nitze  attributes  to 
ijohnstein.  In  performing  bilateral  ureteral  catheter- 
ism the  present  writer  prefers  to  use  catheters  of  dis- 
tinctly different  colors,  to  render  intravesical  manipu- 
lation thereof  easier.  F.  Tilden  Brown  has  further 
essentially  modified  Lohnstein's  modification  by  adding 
an  irrigating  attachment  to  the  double-cat  hot  erizing  in- 
Ktrunient.     It  is  illustrated  in  Fig.  306S,  Vol.  V.,  p.  349. 

Albarran's  cy.stoscope.  from  which  the  onglet  used  in 
most   modern   ureteral  catheterizing  instruments  is  de- 
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rived,  differs  from  the  Nitze  instrument  in  that  his  (Al- 
barrdn's)  simple  exploring  cystoscope  can  be  converteil 
into  either  a  catheterizing  or  irrigating  instrument  by 
merely  clasping  thereon  separate  attachments  for  each 
purpose. 

^  Casper's  ureter  cystoscope  is  differs  from  those  men- 
tioned in  that  the  varying  curves  of  the  catheter  are  pro- 


intweit,  Freudenberg,  and  numerous  others.  Each  has 
special  advantages  in  minor  additions;  the  principle  un- 
derlying every  one  is  according  to  the  original  design  of 
either  Nitze,  Casper,  or  Albarran,  and  differs  according- 
ly from  the  others. 

The  selection  of  an  instrument  for  ureteral  catheter- 
ism  is  essentially  a  matter  of  personal  preference.     The 


PiO.  5284. — Nitze  ITreter-Catheterlzing  Cystoscope,  Convertible  into  an  Irrigatin!;  Cystoscope  by  EemovlnE  the  Staff  A  (which  carries  the  Ure- 
teral Catheter)  and  Attaching  the  Staff  B  in  its  Place.  Staff  A  shows  the  movable  "  onglet "  (c) ;  by  moving  the  screw  e  it  acts  as  a  lever, 
curving  the  ureteral  catheter  a  to  the  angle  necessary  to  permit  its  Insertion  into  the 'ureter.  After  the  tip  of  the  catheter  is  engaged  In 
the  ureteral  mouth  the  screw  e  is  turned  to  flatten  down  the  onglet  to  its  place,  freeing  the  catheter  from  all  friction  and  enabling  its  easy 
projection  into  the  ureter  as  far  as  needed. 


duced  by  a  tubular  slide  moving  the  entire  length  of  a 
gutter  that  occupies  the  upper  surface  of  the  cystoscope. 
The  further  the  slide  is  thrust  forward  the  more  closely 
does  it  press  the  protruding  catheter  toward  the  head 
of  the  cystoscope ;  in  thus  pressing  it  bends  the  catheter 
to  an  angle  the  more  acute  the  tighter  the  pressure  ex- 


writer  has  witnessed  nearly  every  one  of  the  authors  use 
his  instrument,  and  in  each  instance  with  commendable, 
celerity  and  success.  Having  been  personally  instructed 
by  the  late  lamented  Nitze,  then  by  Casper,  and  later  on 
by  Albarrin,  the  present  writer  acquired  the  use  of  each 
of  these  instruments  and  has  therefore  no  choice  among 


FiQ.  5285.— Nitze's  Instrument  for  Catheterizing  both  Ureters. 


erted.  As  the  slide  is  entirely  removable  after  the  ure- 
ter is  penetrated,  it  leaves  the  catheter  free  in  the  ure- 
ter, bladder,  and  urethra.  The  cystoscope  then  can  be 
removed,  leaving  the  catheter  to  drain  the  kidney  for 


FiQ.  5286.- 


the  time  required,  or  to  dilate  a  ureteral  stricture  by 
Albarran's  method. 

Casper  also  devised  a  double-catheterizing  cystoscope, 
as  did  Nitze,  Albarran,  Schlifka,  Frank,  Bierhof,  Schlag- 


them.  Personal  experience  makes  it  seem  advisable 
that  every  practitioner,  more  particularly  every  genito- 
urinary specialist,  acquire  the  technique  as  it  differs  for 
each  instrument;  then  one  or  another  being  out  of 
_  order,  as  is  likely  to  hap- 

^  pen,  the  examination  need 

not  be  delayed  by  such  a 
misadventure. 

The  technique  of  ureteral 
catheterism  premises  (1) 
complete  familiarity  with 
the  instrument  used ;  (2) 
a  certain  amount  of 
manual  dexterity;  (3)  a 
Casper's  Uretercystoscope.  knowledge  of  the  anatomy 

of  the  parts  to  be  invaded ; 
(4)  a  urethra  that  will  easily  permit  the  instrument  to 
pass,  especially  the  prostatic  portion,  without  producing 
hemorrhage ;  (5)  the  bladder  filled  with  a  clear  medium, 
120  to  150  c.c.  presents  the  average  quantity  which  a 
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bladder  will  hold  without  inconvenience ;  ureteral  cathe- 
terism  is  neces.sary  someurnes,  wlien  this  amount  ot 
distention  cannot  be  obtained.  Oenerally  an  adequate 
amount  of  fluid  very  slowly  and  carefully  mjected  so 
expands  the  bladder  as  to  permit  cathetensm  of  both 
ureters.  The  writer  and  his  associate,  Dr.  Terry  M. 
Townsend,  have  been  obliged  to  catheterize  ureters  m 
bladders  whose  greatest  capacity  was  apparently  onlv 
25  c.c.  Gradual" dilatation  in  most  instances  expanded 
the  viscus  to  .50  or  even  00  c.c,  making  ureteral  cathe- 
terism,  while  not  easy,  at  least  possible.  Wdly  Meyer  » 
places  the  amount  of  fluid  necessary  for  vesical  explora- 
tion at  90  c.c.  He  says:  "  The  method  usually  em- 
ployed by  me  is  as  follows:  After  gentle  preliminary 
irrigation,  the  posterior  urethra  and  bladder  are  ana'S- 
thetized  with  a  two-per-cent.  solution  of  alypin.  ...  I 
consider  it  superior  to  cocaine,  as  it  is  less  poisonous,  and 
stronger  than  eucaine  alone  or  mixed  with  cocaine." 
With  large  experience  in  ureteral  catheterism,  the  u.se 
of  ana-sthetics  becomes  superfluous  in  the  majority  of 
cases. 

The  necessary  conditions  existing,  the  cystoscope 
carrying  the  ureteral  catheter  or  catheters  is  introduced 
as  described  on  p.  346,  Vol.  III.  If,  then,  the  ureteral 
mouths  are  not  embedded  in  deep  folds  of  mucosa,  as  in 
severe  cj'stitis,  or  not  covered  by  heavy  trabecula-,  nor 
so  distortetl  or  minute  as  to  escape  vision,  they  are  easily 
brought  into  \-ie\v. 

For  practice  in  locating  the  ureteral  mouths  and  study- 
ing the  inversion  and  distortion  of  cystoscopic  images  the 
writer  '^  devised   a  simple   phantom,  which  shows   the 


Fig.  .5:237.— Valentine  Box-Pliantnm  for  DprnonsfratinR  anil  Praftis- 
ing  Gystciseopy  and  Urfteral  (  atlieteri.^im. 

normal  position  of  the  ureteral  openings  (Fig.  .5287). 
Nitze  honored  the  writer  by  being  the  first  to  demon- 
strate this  device  before  his  class  in  1902. 

The  box  phantom  exhibits,  when  its  contents  are 
viewed  through  the  mirror  fi.xed  at  4.5  degrees,  a  schemat- 
ic representation  of  the  base  of  the  bladder  as  if  seen 
through  the  cystoscope  in  its  normal  position.  To  im- 
press localization  upon  the  mind,  the  scliematio  blail- 
der  base  is  given  a  clock  face,  showing  the  left  ureter 
at  4:.30  and  the  right  ureter  at  7:30.  It  also  has  several 
illustrations,  e.g.,  a  hair-pin  and  a  key  in  varying  posi- 
tions, .seen  inverted  in  the  mirror.  It  is  employed  as 
follows:  The  box  phantom  held  in  tlie  left  haiid,  the 
student  looks  at  the  retfccfion  of  the  schematic  vesical 
base.  With  an  applicator  held  in  the  riglit  hand  ami 
inserted  through  the  hole  representing  the  urethra,  he 
touches  the  various  parts  of  the  bladder,  guided  only 
by  the  reflection  thereof  in  the  mirror.  A  strict  rule 
governing  practice  with  this  device  is  that  no  part  of 
the  schematic  representation  must  be  touched  with  the 
applicator,  except  the  one  intended  as  the  objective 
point.  To  neglect  this  rule  would  be  tantamount  to 
uselessly  thrusting  the  ureteral  catheter  against  the 
vesical  mucosa,  thus  inflicting  Iraumatisms  upon  it 
giving  the  patient  pain,  and  provoking  Meeilings  (hat 
may  obscure  the  dilating  medium  and  thus  thwart  the 
purposes  of  the  examination. 

710 


The  practised  eye  finds  no  difficulty  in  at  once  dis- 
cerning the  interureteric  fold,  at  each  end  of  which  a 
normal  ureter  opens.  Turning  the  cystoscope  to  the 
right  or  left  soon  exposes  the  ureteral  meatus.  As  men- 
tioned before,  it  sometimes  is  difficult  to  decide,  when 
the  bladder  is  heavily  trabeculated,  which  is  the  ureteral 
moutli  and  which  the  opening  of  an  intertrabecular 
sulcus.  Casper  (op.  cit.)  says  that  if  the  region  of  these 
openings  is  observed  for  a  sufficient  length  of  time,  the 
escaping  jets  of  urine  will  show  which  is  the  ureteral 
mouth.  At  times  vesical  contractions  may  produce 
swirls  in  its  contents  that  may  .so  closely  resemble  the 
escaping  jets  of  urine  as  to  deceive  the  ob.server.  Cas- 
per thinks  that,  in  such  cases,  Volcker  and  .lo.seph's 
method  of  preliminary  hypodermic  use  of  indigo-car- 
mine may  be  useful.  It  cannot,  however,  be  recom- 
mended for  this  purpose,  except  to  those  wdiom  expe- 
rience has  rendered  very  quick  in  catheterizing  ureters, 
as  the  tinted  urine  soon  .so  universally  colors  the  vesical 
contents  as  to  obscure  vision.  It  is  true,  then,  that  at- 
tempts at  catheterism  may  be  interrupted  until  irriga- 
tion has  again  rendered  the  bladder  contents  clear,  but 
this  entails  prolonging  a  procedure  which,  if  not  posi- 
tively painful,  is  at  least  a  very  .severe  strain,  especially 
upon  the  male  patient.  The  ejaculations  of  normal 
urine  from  the  ureter  into  clear  bladder  contents  may 
be  well  studied,  utilizing  the  comparison  Nitze  makes, 
namely,  that  ot  alcohol  being  squirted  from  a  pipette 
into  clear  water. 

With  the  ureteral  meatus  clearly  in  view,  however,  no 
difficulty  is  experienced  in  penetrating  it  with  the  cath- 
eter. The  essential  point  to  be  observed  is  that  the 
ureteral  mouth  be  seen  from  above,  as  in  a  bird's-eye 
view.  To  accomplish  this  the  ocular  end  of  the  cysto- 
.scope  is  turned  to  the  opposite  side  (i.e.,  to  the  right 
for  the  left  ureter,  and  rice  versa)  and  the  tip  of  the 
cystoscope  brought  as  clo.se  to  the  ureter  as  possible 
without  touching  the  bladder  wall.  The  approxima- 
tion to  the  ureteral  mouth  is  obtained  by  cautiously 
raising  the  ocular  end  of  the  cystoscope,  always  keep- 
ing ttie  ureter  in  view,  until  a  distinct,  large  image 
thereof  is  perceived. 

The  instrument  is  then  firmly  held  with  one  hand, 
while  the  fingers  of  the  other  push  the  catheter  forward. 
Its  tip  then  appears,  traverjing  the  field.  Another  very 
slight  projection  shows  wdiether  it  is  in  the  direc- 
tion of  the  ureteral  mouth.  Any  deviation  can  be 
at  once  corrected  by  the  screw-head  near  the  ocular 
end  when  an  instrument  of  the  Albarran  or  Nitze  model 
is  used.  When  a  cy.stoscope  with  Casper's  slide-lid  is 
employed  the  necessary  changes  in  curvature  of  the 
catheter  are  produced  by  projecting  or  withdrawing  the 
slide. 

AMien  the  catheter  has  been  so  curved  that  its  tip 
fairly  presents  to  the  ureteral  meatus,  the  cystoscope 
may  be  tipped  slightly  in  the  same  direction."  The  tip 
of  the  catheter  will  then  be  .seen  to  engage  in  the  mouth 
of  the  ureter,  especially  if  this  little  manoeuvre  is  per- 
formed at  the  instant  wdien  the  ureteral  mouth  is  open, 
ejecting  urine.  The  cystoscope  being  still  held  in  the 
same  position,  the  catheter  is  again  slightly  projected. 
It  will  then  appear  as  if  raising  a  fold  of  mucosa.  At 
this  instant  its  angulation  must  be  relea,sed.  by  revers- 
ing the  proceilure  used  hir  its  curvature.  The  catheter 
may  then  be  freely  pushed  throughout  the  length  of  the 
ureter  to  the  renal  pelvis. 

The  same  attention  may  then  be  given  the  other  ure- 
ter, and  when  its  catheter  is  in  place  the  cystoscope  is  re- 
moved. This  is  accomplished  with  the  instruments  of 
the  Nitze  model  by  pushing  the  catheters  forward  as 
the  cystoscope  is  withdrawn.  When  the  tip  of  the  latter 
has  reached  the  meatus,  the  projecting  catheters  are 
firmly  grasped  with  the  thumb  and  index  finger,  while 
the  cystoscope  is  stripped  from  them.  When  using  an 
instrument  with  the  Casper  slide-lid,  the  slide  is  first 
withdrawn,  leaving  the  parts  of  the  catheters  which  are 
not  in  the  ureters  lying  free  in  the  bladder;  the  cysto- 
scope itself  may  then  be  withdrawn. 
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After  the  cystoscope  is  removed  the  catheters  must 
be  fastened  in  place.  For  this  purpose  the  writer  pre- 
fers the  button  modification  of  Guyon's  metliod.i=  The 
catheters  so  secured,  tlie  following  important  points 
must  be  determined : 

1.  To  assure  that  the  catheters  have  not  been  twisted 
during  removal  of  the  cystoscope  and  that  consequently 
they  are  not  in  ureters  opposite  to  those  in  which  they 
appear  to  lis,  it  is  advisable  to  use  catheters  of  different 
colors.  With  this  in  view,  it  is  convenient  that  one  be 
of  the  kind  marked  in  brown  and  black  at  intervals  of 
one  centimetre,  while  the  other  is  plain.  The  writer 
makes  it  a  rule  to  use  the  marked  (''zebra")  catheter 
lor  the  left  ureter.  Then,  no  matter  how  the  catheters 
may  have  become  twisted  in  the  bladder,  it  is  known 
that  the  zebra  catheter  is  delivering  urine  from  the  left 
kidney. 

2.  The  catheter,  especially  when  not  well  grasped  by 
the  ureter,  may  have  been  pulled  out  of  this  channel 
while  removing  the  cystoscope.  If  its  tip  lies  loosely 
in  the  bladder,  there  will  be  a  continuous  stream  from 
its  mouth ;  this  is  not  changed  by  pushing  the  catheter 
in  more  deeply ,5nor  by  withdrawing  it  slightly.  If  it 
drains  the  renal  pelvis,  the  discharge  will  be  continuous, 
as  if  its  tip  were  in  the  bladder.  A  drop  of  this  urine 
€xamined  microscopically,  however,  will  then  show  the 
■complete  absence  of  bladder  epithelia.'^  If  then  the 
■catheter  is  slightly  withdrawn,  the  continuous  flow  will 
be  replaced  by  the  arhythmic  discharge  of  drops  of  urine. 
In  accord  with  the  ureteral  contractions,  the  properly 
placed  catheter  emits  from  one  to  twelve  drops  of  urine 
■every  ten  to  thirty  seconds.  In  neurasthenics  this 
may  take  the  form  of  quite  forcible  ejaculations  of 
urinary  streams  at  even  smaller  intervals. 

As  contractions  of  both  ureters  do  not  occur  synchro- 
nously, their  urines  do  not  escape  from  their  respective 
catheters  at  the  same  time. 

3.  One  catheter  or  both,  though  quite  pervious  and 
properly  placed,  may  emit  no  urine  at  all.  When  one 
■catheter  fails,  the  erroneous  presumption  of  a  non-func- 
tioning kidney  may  be  avoided  by  waiting,  sometimes 
as  long  as  half  an  hour.  Then  some  warm  four-per-cent. 
boric-acid  solution  may  be  gently  injected  to  establish 
siphonage.  If  repeated  attempts  fail  thus  to  elicit  a 
flow  from  the  suspected  side,  there  is  still  a  possibility 
that  the  catheter  is  of  too  small  a  calibre  to  occlude  the 
ureter,  and  that  the  urine  from  its  renal  pelvis  is  escap- 
ing along  the  sides  of  the  instrument,  into  the  bladder. 
Then  drainage  with  a  larger  catheter  must  be  tried  be- 
fore it  is  decided  that  the  kidney  does  not  perform  its 
function. 

The  interruptions  of  renal  secretion  mentioned  are 
not  infrequent,  even  when  the  kidrey  is  perfectly  healthy. 

4.  The  first  .T  or  6  c.c.  of  urine  escapina;  from  a  cathe- 
ter must  be  discarded,  as  its  examination  may  lead  to  seri- 
ous error.  It  may  contain  boric  acid  or  whatever  solu- 
tion has  been  used  to  dilate  the  bladder  and  so  yield  a 
false  specific  gravity ;  it  is  furthermore  likely  to  contain 
a  slight  admixture  of  blood,  from  the  minute  trauma- 
tisms which  the  catheter  has  inflicted  upon  the  ureter._ 

These  essential  points  determined,  the  patient  is 
placed  in  a  comfortable  position,  and  the  catheters  are 
conducted  to  separate  receptacles,  in  which  the  urine 
from  each  kidney  may  be  gathered  for  such  examina- 
tion as  may  be  necessary  for  precise  diagnosis. 

Ferd.  C.  Valentine. 
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VALYL  is  the  diethylamid  of  valerianic  acid,  CbHioON. 
It  is  a  colorless  liquid  with  a  strong  valerian  odor  and 
a  pungent,  burning  taste.  It  readily  oxidizes  when  ex- 
posed to  the  air,  and  is  therefore  used  only  in  the  form 
of  gelatin  capsules  or  pearls.  The  capsules  contain  2 
grains  each  of  valyl  combined  with  an  equal  quantity  of 
spermaceti.  Valyl  when  brought  in  its  pure  state  into 
contact  with  the  mucous  membrane  causes  a  burning 
followed  by  a  local  irritation  which  does  no  lasting 
damage,  however,  to  the  membrane.  It  should  be  taken 
directly  after  meals  or  with  milk ;  never  on  an  empty 
stomach. 

Valerian  administered  as  an  infusion  (tea),  tincture, 
or  fluid  extract  has  been  employed  as  a  domestic  remedy 
for  years,  but  fell  into  disrepute  because  the  therapeutic 
principles,  the  esters,  quickly  undergo  hydrolysis  when 
brought  into  contact  with  water. 

The  amid  of  valerianic  acid  as  above  described,  how- 
ever, possesses  the  properties  of  valerian  which  have  not 
undergone  change.  It  has  therefore  the  following  prop- 
erties of  valerian  as  described  in  the  older  works  on  ma- 
teria medica :  it  is  a  remedial  agent  in  hysteria,  anxiety, 
neurasthenia,  functional  disturbances  of  the  heart,  in 
neuralgia,  hemiorania,  hypochondriasis,  vertigo,  tinni- 
tus, troublesome  menstruation  accompanied  by  abdorn- 
inal  pain  and  headache  in  climacteric  troubles,  and  in 
sleeplessness  from  nervous  disorders.  It  is  said  to  be 
free  from  unpleasant  by-effects,  to  increase  the  appe- 
tite, and  to  insure  euphoria.  The  dose  of  valyl  is  two  or 
three  two-grain  capsules  or  pearls  two  or  three  times  a 
day.  John  W.  Wainwright. 


WOLFFIAN  BODY,  PATHOLOGY  OF.— In  mamma- 
lian embryos  the  mesonephros  or  Wolffian  body  is  a 
rather  pyriform  body  symmetrically  placed  in  the  ab- 
dominal cavity.  In  very  young  embryos  it  is,  next  to 
the  liver,  the  largest  abdominal  organ.  It  was  first  ob- 
served by  Wolff  in  1759.  The  exact  origin  of  the  Wolf- 
fian body  is  not  yet  determined ;  some  authors  hold  that 
it  is  ectodermal,  others  that  it  is  mesodermal,  while  others 
still  ascribe  to  it  both  an  ectodermal  and  a  mesodermal 
origin.  It  is  developed  from  the  pronephric  or  Wolffian 
duct  and  from  the  mesonephric  cords.  The  origin  of  the 
latter  has  not  yet  been  wholly  worked  out  in  the  case  of 
the  human  body.  In  the  lower  mammals  they  arise 
through  aggregations  of  the  cells  of  the  Wolffian  ridge 
into  solid  cords  which  at  first  are  not  connected  with  the 
Wolffian  duct  or  the  cffilomic  epithelium.  These  cords 
acquire  a  lumen  and  connect  at  one  end  with  the  duct, 
while  at  the  other  end  there  is  a  condensation  of  the 
mesoderm,  forming  the  glomeruli,  into  which  vessels 
from  the  aorta  penetrate.  The  tubules  increase  in  length 
rapidly  and  in  the  human  embryo  assume  an  S-shape. 
Secondary  and  tertiary  tubules  develop  in  connection 
with  each  of  the  primary  ones,  but  the  mode  and  origin 
of  these  have  not  yet  been  determined,  some  writers  hold- 
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"Wolfllan  Body, 
'n'oriulaii  Boues. 
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ing  thut  tbc^■  arise  as  buds  of  the  primary  tubules,  otliers 
tliat  tlicv  liave  an  independent  origin,  Tljrougli  tlie 
development  of  these  additional  tubules  and  the  pro- 
gressive elongation  of  all  the  tubules,  the  W  olfiian  ndge 
becomes  a  voluminous  body  attached  to  the  dorsal  wall 
bv  a  distinet  mesenterv  and  |irojecting  into  the  cctlomio 
cavity.  Endjedded  in  its  substance  on  its  lateral  portion 
is  the  Wolffian  duct;  and  on  its  jnesial  surface  anteriorly 
is  the  developing  genital  ridge.  In  tlie  human  embryo 
the  Wolffian  body  reaches  its  greatest  development  at 
abo\it  the  si.Kth  or  seventh  week,  after  which  time  it 
begins  to  degenerate.  The  tubules  undergo  retrogres- 
sion and  the  glcmieruli  become  occluded,  so  that  by  the 
si.xteenth  week  the  organ  has  nearly  entirely  disappeared. 
Portions  of  the  tuliules,  however,  persist  in  both  se.xes_ 
In  general  the  tubules  of  the  Wolliian  body  consist  of 


Fig,  .52.58.— Adeuonia-like  Remains  of  tlie  Wolfflan  Body,  witliin  the  Uterine  Musculature  Ifor- 
mallQ,  alcohoi,  liffimatoxyliQ,  eoslu).     X  lOU,     t Alter  Ziegler.) 


secreting  and  collecting  portions,  the  epithelium  varying 
in  the  two,  being  low  and  cubical  in  the  collecting  por- 
tion and  columnar  in  the  secreting.  In  18'34  Jacolj.son 
discovered  that  the  organ  excreted  uric  acid  which  was 
carried  into  the  allantois.  He  therefore  called  it  the 
primordial  kidney.  According  to  Lorscl  the  Wolffian 
body  liberates  and  accumuUites  fatt_y  substances  in  its 
cells.  It  therefore  plays  the  part  of  an  embryonic  organ 
and  at  the  same  time  that  of  an  excretory  organ. 

In  the  male  the  upjier  or  genittd  portion  of  the  Wolfflan 
bod\'  jiersists  as  a  whole  in  the  efferent  ducts  of  the  testis, 
forming  the  globus  major  of  the  epididymis.  By  some 
writers  the  seminal  tuljules  are  also  regarded  as  arising 
from  the  Wolffian  body.  The  excretory  portion  almost 
wholly  disappears,  only  a  small  part  remaining  as  the 
jiaradidymis  or  organ  of  Giraldes,  A  single  elongated 
tuliule  arising  from  that  poi'tion  of  the  Wolliian  iluct 
which  forms  tlie  globus  minor  of  the  epididymis  persists 
as  the  viis  aberraus.  The  hydatid  of  M(u-gagni  is  be- 
lieved by  Roth  to  stand  in  close  relation  to  the' Wolffian 
body.  The  Wolfflan  duct  is  retained  entire,  a  iiortion 
forming  the  body  and  globus  minor  of  the  epididymis, 
the  reniaiiider  becoming  converted  into  the  vas  deferens 
and  the  ejaculatory  duct.  In  the  female  the  genital  iior- 
tion of  the  Wolfflan  body  jiersislsasagrotipof  from  ten  to 
lifteen  tubules  lying  between  the  two  layers  of  the  Itroad 
ligament  near  the  ovary,  and  known  as"tlie  epoiiphoron, 
or  iiarovarium,  or  organ  of  RosenmiiUer.  Toward  the 
ovary  the  tubules  possess  blind  ends,  Ijiit  at  the  other 
end  they  are  somewhat  coiled  and  open  into  a  collecting 


duct  representing  the  upper  end  of  the  Wolffian  duct, 
Kijlliker  holds  that  the  environing  cells  of  the  Graafian 
follicle  probably  arise  from  the  Wolffian  body.  The  ex- 
cretory portion  persists  as  the  paroophoron,  a  rudimen- 
tary body  composed  of  tubules  lying  in  the  broad 
ligament  near  the  tube.  In  about  one-third  of  adult 
females  remains  of  the  Wolffian  duct  are  found  in  the 
form  of  a  straight  tube  lined  by  cylindrical  epithelium 
surrounded  liy  muscle,  or  of  a  muscle  bundle  without 
epithelium,  lying  anteriorly  and  to  the  side  of  the  uterus 
and  vagina  (duct  of  Gitrtner),  According  to  Aichel  the 
cortex  of  the  suprarenals  is  also  derived  from  the  Wolf- 
fian body,  the  medullary  portion  coming  from  the  sym- 
pathetic system.  The  origin  of  suprarenal  tissue  from 
the  Wolffian  body  is  made  very  probable  from  the  fact 
that  accessory  suprarenal  tissue  (adrenals  of  Marchand)  is 
found  in  the  broad  ligament  in  the 
female,   and    along    the    spermatic 
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the  pathological  conditions   which 
may   be  referred  back  to   disturb- 
ances in   the   normal   development 
and   retrogression  of    the  Wolffian 
body,  or  which  have  their  origin  in 
rudimentary  or  persisting  structures 
derived    from   this   organ  or  duct, 
may  be  classed  as  follows: 
Mnlfurmntions. — The  fact  that  both  male  and  female  sex- 
ual organs,  internal  and  external,  develop  from  anlage 
wdiich  are  at  first  identical  makes  it  a  priori  very  prob- 
able that  disturbances  in  the  differeutiationof  the  sexual 
apparatus  might  be  brought  about  through  an  asymme- 
trical development  of  the  anlage  of  the  right  and  left 
sides,  or  through  the  formation  of  organs  peculiar  to 
both  sexes,  or  to  a  lack  of  harmony  in  the  development  of 
the  internal  and  external  sexual  organs.     The  close  rela- 
tions l.ietwcen   the  Wolffian    body  and   the   developing 
sexual  glands,  and  the  part  which  the  genital  portion  of 
the  former  plays  in  the  development  of  the  genital  tract 
give  strong  support  to  the  view  that  anomalies  and  dis- 
turbances in  the  development  of  the  mcsonephros  are  re- 
sponsible, iit  least  in  inirt,  for  some  of  the  malformations 
of  the  internal  sexual  appanitus.     Landau  and  Pick  have 
described  :i  congenital  atresia  of  Ihe  cervix  and  uterus, 
which  tliey  explain  as  due  to  a  hyperplastic  adenomyo- 
ma  fjf  inesonc]ihric  origin.     Persistence  of    portions  of 
the  Wolffian  body  and  duct  are  not  infrequently  found 
in   cases   of   pseudohermaphrodism.      In   pseudoherma- 
]ihrodismus  feminiuus  internussuch  structures  are  fonnd 
in  the  brotid  ligament  and  utero-vagiual  wall,  sometimes 
extending  to  the  clitoris.     At  an  early  period  of  develop- 
ment the  urogenital  tract  is  represented  by  the  Wolfflan 
body,  the  Wolfflan  duct,   the  ]\Ii'illerian  iluct,   and  the 
lie  .'elo]iing   ovary  cu'   testis.     There   exists  therefore   at 
this  time  an  indifferent  stage  from  which  the  develop- 
ment proceeds  either  in  one  direction  to  become  an  ovary 
or  in  the  other  to  form  a  testis.     During  tliis  difEeren- 
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tiation  the  Wolffian  body  in  part  undergoes  degeneration 
and  in  part  persists  in  the  form  of  certain  rudimentarj' 
organs,  as  already  mentioned.  In  the  male  the  MCiUerian 
duct  degenerates,  in  the  female  only  rudiments  of  the 
"Wolffian  duct  are  preserved.  Theoretically  it  is  easily 
seen  how  disturbances  of  this  normal  differentiation  of 
the  sexual  glands  and  ducts  might  arise,  but  the  actual 
occurrence  of  such  disturbances  remains  lo  be  demon- 
strated, although  pathological  findings  are  not  wanting 
to  prove  the  possibility  of  such. 

Terntomata  and  Dermoid  Cysts. — The  teratomata  and 
dermoid  cysts  of  the  ovary  and  testis  are  believed  by  a 
number  of  writers  to  arise  from  the  AVolfflan  body  and 
duct.  Bandier  in  particular  has  defended  this  view. 
He  holds  that  In  the  development  of  the  retroperitoneal 
dermoid  cysts  and  the  retrorectal  tumors  the  Wolffian 
body,  the  Wolffian  duct,  and  the  caudal  intestine  play 
the  important  role.  The  ovarian  dermoids,  he  believes, 
contain  only  ectodermal  and  mesodermal  products,  and 
these  arise  as  the  result  of  the  displacement  of  ectoder- 
mal and  mesodermal  tissues  in  the  formation  of  the  Wolf - 
flan  duct  and  Wolffian  bodj'.  Regarding  the  duct  as  of 
ectodermal  origin,  and  holding  the  view  that  the  Wolf- 
flau  body  arises  from  the  duct,  he  therefore  regards  the 
derivatives  of  the  Wolffian  body  as  ectodermal.  While 
Handler's  views  are  not  generally  accepted  (see  Terato- 
ma), Wilms  regards  the  simple  dermoid  cysts  of  the 
retroperitoneal  region  and  of  the  broad  ligament,  and 
also  the  mixed  tumors  of  the  cervix  and  vagina,  as  due 
to  a  displacement  of  ectodermal  and  mesodermal  cells  by 
the  Wolffian  duct.  Von  Recklinghausen  found  in  one 
cyst  of  the  ovarj^  a  formation  which  he  regarded  as  re- 
sembling in  structure  the  Wolffian  body.  The  cysts 
which  arise  from  the  remains  of  the  Wolffian  body  and 
duct  found  in  the  broad  hgament,  uterine  wall  and  tubes, 
and  also  those  arising  in  the  cervix,  portio  vaginalis, 
vagina,  and  hymen  from  the  duct  of  Gartner  may  also  be 
classed  with  the  teratomata.  Remains  of  the  Wolffian 
body  may  also  take  part  in  the  formation  of  the  mixed 
tumors  of  the  kidney.  If  the  view  that  adrenal  tissue  is 
also  derived  from  the  Wolffian  body  be  accepted  the 
tumors  (hypernephromata)  arising  in  the  kidney  and  else- 
where should  also  be  classed  as  teratomata  derived  from 
the  Wolffian  body. 

Tumors  Derived  from  Wolffiaii  Body  Bents.— During  the 
last  decade  much  has  been  written  upon  the  origin  of  the 
adenocystomata  and  adenomyomata  of  the  ovary,  broad 
ligament,  tube,  uterine  wall,  cervix,  and  vagina.  These 
timiors  play  a  r61e  of  great  clinical  importance  in  g)-na;- 
cological  pathology,  and  in  recent  years  much  attention 
has  been  paid  to  their  histogenesis  and  etiology.  As  a 
result  of  the  discussion  concerning  the  histogenesis  of 
these  tumoi-s  the  wj-iters  upon  this  subject  may  be  divided 
into  two  schools:  the  one  affirming  the  origin  of  these 
growths  from  remains  of  the  Wolffian  body,  the  other 
holding  that  they  arise  from  misplaced  epithelium  of 
Miiller's  duct.  Some  writers  have  compromised,  in  so 
far  as  the  adenocystomata  and  adenomyomata  of  the  ute- 
rine wall  are  concerned,  bv  the  hypothesis  that  they  arise 
from  a  combination  of  remains  of  the  Wolffian  body  and 
the  Mlillerian  duct.  The  majority  of  \\riters, 
however,  agree  with  von  Recklinghausen,  who 
holds  that  the  adenomyomata  of  the  uterine 
wall  may  be  divided  into  two  groups;  those 
arising  in  the  peripheral  layers  of  the  myome- 
trium'and  those  arising  centrally  or  presenting 
themselves  as  submucosal  tumors,  the  latter 
being  characterized  by  the  fact  that  the  ade- 
nomatous portions  unite  to  form  ducts  which 
empty  into  the  uterine  cavity.  The  possibility 
of  the  second  group  arising  from  the  Miiller- 
ian  duct  is  admitted.  According  to  Neumann 
the  intramural  and  subserous  adenocystomata 
of  the  uterus  and  tubes  arise  most  probably  from  embryo- 
nal remains  of  the  Wolffian  body  in  connection  with 
remains  of  Miiller's  duct  or  from  a  combination  of  the 
two  The  pathological  glands  and  cyst  formations 
found  in  the  ovary  arise  from  the  epoophoral  portion  of 


the  Wolffian  body  and  correspond  to  the  medullary 
cords.  The  tumors  of  the  tubes  are  of  pure  paroOphoral: 
origin.  The  structural  resemblances  existing  between 
the  adenomyomata  of  the  ovary,  tubes,  broad  ligament, 
inguinal  region,  round  ligament,  and  cervix,  make  it 
very  probable  that  all  of  these  are  derived  from  the- 
Wolffian  body,  and  they  may  therefore  be  classed  as  mes- 
onephric  adenomyomata.  Tlie  various  arguments  ad- 
vanced in  support  of  this  view  may  be  found  in  the' 
literature  cited  below. 

The  adenosarcomata  of  the  kidney  have  also  been  ex- 
plained as  arising  from  inclusions  of  portions  of  the 
AVolffian  body.  A  similar  origin  has  been  ascribed  to  the 
adenosarcomata,  adenomata,  and  adenocystomata  of  the 
testis  and  epididymis.  Some  writers  have  described 
glandular  structures  included  within  pelvic  lymph 
glands,  and  have  explained  such  inclusions  as  remains  of 
the  Wolffian  body  or  duct.  From  such  inclusions  ade- 
nomata, cystadenomata,  and  carcinomata  might  arise. 

To  Aichel  belongs  the  credit  of  demonstrating  that 
adrenal  tissue  (cortex)  is  found  in  the  closest  relations 
with  derivatives  of  the  Wolffian  body  (epoSphoron, 
paroophoron,  epididymis,  paradidymis,  broad  ligament, 
etc).  From  such  accessory  adrenal  tissue  (classed  by 
Aichel  as  adrenals  of  Marchand)  tumors  similar  to  those- 
arising  from  the  adrenals  themselves  may  come.  Pick 
has  rejiorted  the  occurrence  of  a  hypernephroma  of  the 
ovary,  and  a  number  of  other  writers  have  found  adrenal 
tissue  associated  with  adenomyomata.  If  the  adrenals  of 
Marchand  are  derived  from  the  Wolffian  body,  as  accord- 
ing to  Aichel,  such  hypernephromata  must  be  regarded. 
as  mesonephrio.  Aldred  ISeutt  Warthin. 
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WORMIAN    BONES,   AND    FONTANELS— Wormian 

bones  are  small  bones  varying  in  diameter  from  1  or  3 
mm.  to  more  than  20  mm.  They  are  to  be  found  ordi- 
narily at  the  angles  of  the  sutures  of  the  cranium,  and 
particularly  in  the  lambdoid  sutures  (Fig.  5248).  They 
take  the  name  of  Wormian  bones  from  Claus  Wormius,. 
a  physician  of  Copenhagen,  who  first  gave  a  detailed 
description  of  them,  though  an  account  of  them  had  been 
given  before  by  Goethcs. 

The  Wormian  bones  are  regarded  by  some  writers  as- 
evidence  of  retarded  ossification,  while  by  others  they 
are  considered  to  indicate  excessive  ossification.  Doubt- 
less both  theories  are  true.  In  some  instances  the  usual 
centres  of  ossification  do  not  go  on  to  the  full  develop- 
ment, and  the  coalescence  which  occurs  in  the  formation 
of  a  perfect  bone  fails  to  take  place;  this  is  probably 
what  happens  in  the  case  of  the  largest  Wormian  bones, 
which  are  found  in  the  fontanels. 

According  to  Meckel,  isolated  osseous  germs  develop- 


Fig.  SS-SO.— Wormian  Bones.    (Alter  Broca.) 

at  the  circumference  of  the  occipital  bone  and  unite  them- 
selves with  it.  Sometimes,  though  rarely,  thicker  ones^ 
develop  about  the  articular  regions.  When  there  is  an  ar- 
rest of  evolution  of  one  or  more  of  these  inferior  centres. 
Wormian  bones  are  formed.     Gosse,  ™ho  considers  Wor- 
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mian  bones  to  be  due  to  an  arrest  of  ossification,  attributes 
their  formation  to  a  rachitic  or  scrofulous  condition,  to 
the  effects  of  violent  pressure,  or  to  hereditary  transmis- 
sion. 

The  "Wormian  bones  which  present  the  greatest  inter- 
est are  those  which  are  occasionally  found  in  both  the 


Fig.  5390. 


-Skull  dug  up  in  tbe  Vicinity  of  the  Church  of  St.  Etienne 
du  Mont.    (After  Jacquart.) 


anterior  and  posterior  fontanels.  Those  in  the  posterior 
fontanels  are  more  frequent  (Figs.  5348  and  5249).  A 
Wormian  bone  of  large  size  may  be  confounded  with  the 
interparietal  bone,  which  has  given  rise  to  so  much  eth- 
nological discussion ;  a  number  of  interesting  and  learned 
papers  having  been  written  by  anthropologists  upon  this 
subject.  M.  Rivero  and  M.  Tschudi,  in  the  "  Antiquites 
Periiviennes,"  published  in  1851,  gave  drawings  show- 
ing the  bone  which  Anoutchune,  after  making  studies 
of  the  skulls  in  various  museums,  announced  was  to  be 
found  in  twenty  per  cent,  of  the  Peruvian  skulls.  The 
name,  "the  bone  of  the  Incas,"  was  given  to  it,  though. 


■Skull  of  a  Negress,  of  Sahara.    (After  Jacquart.) 


as  Jacquart  thinks,  unjustly.  In  an  elaborate  paper  he 
shows  that  it  is  found  frequently  in  other  races.  The 
question  among  savants  has  arisen  as  to  whether  this  is  a 
mere  anomaly,  or  a  reversal  to  a  lower  type,  since  the 
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interparietal  bone  occurs  in  rodents,  ruminants,  dogs,  and 
cats.  The  upper  portion  of  the  occipital  bone  develops 
from  four  osseous  centres,  which  are  separate  in  early 
foetal  life,  but  gradually  coalesce.  The  lateral  union  is 
accomplished  first,  and.  afterward  the  two  segments 
above  and  below  unite ;  when  union  of  these  two  latter 
fails  to  take  place,  the  interparietal  bone  is  formed.  The 
recent  line  of  union  shows  very  well  in  the  skull  of  the 
new-born.  Cuvier,  Milne-Edwards,  Geoffroy  St.  Hilaire, 
and  the  other  writers  already  mentioned,  insist  that  a  dis- 
tinction should  be  made  between  the  interpaiietal  bone 
and  the  large  fragments  occuri-ing  in  the  posterior  fonta- 
nel, which  are  the  true  Wormian  bones.  Anoutchune, 
in  his  researches,  made  the  following  divisions  in  sum- 
ming up  his  percentages: 

1.  Complete:  Os  Incas,  or  interparietal  bone. 

2.  Incomplete:  The  os  bi-,  tri-,  or  quadripartitum,  or, 
in  other  words,  the  epactal  bone,  os  triquetrum,  os  quad- 
ratum. 

3.  Os  lambdoideum. 

It  will  therefore  be  seen  that  these  bones  may  be  single 
or  multiple ;  even  as  many  as  eight  having  been  observed 
by  one  writer  quoted  by  Geoffroy  St.  Hilaire. 

The  effect  of  Wormian  bones  occurring  in  fontanels 
at  childbirth,  and  the  relation  which  these  bear  to  the 


Fig.  529;.'.-Skull  from  a  Breton,  showing  Interparietal  Bone.    (After 
Jacquart.) 

moulding  of  the  skull  at  that  time,  are  questions  which 
have  received  some  consideration  by  the  author  of  this 
paper. 

The  possibility  that  such  bones,  if  of  considerable  size 
and  if  they  occurred  in  the  posterior  fontanel,  might  exert 
a  detrimental,  if  not  fatal,  influence,  was  suggested  by 
three  cases  which  came  under  observation  at  the  hospital 
of  the  New  York  Infirmary  for  Women  and  Children. 
The  histories  of  the  three  cases  were  almost  identical. 
The  mothers  were  all  primiparae.  There  was  nothing 
abnormal  in  the  measurements,  either  of  the  pelves  of 
the  mothers,  or  of  the  heads  of  the  infants.  The  pre- 
sentations were  all  of  them  the  usual  left  anterior  oc- 
cipito-iliac.  The  labors  progressed  slowly  but  normally 
through  the  first  stage,  but  the  second  stage  was  very 
slow,  lasting  between  two  and  three  hours  in  each  case. 
Instruments  were  not  used  in  any  instance,  as  there  was 
a  constant  expectation  tliat  the  labors  would  terminate 
naturally.  The  irregularity  of  the  fontanel  could  be  very 
easily  detected.  In  the  first  two  cases  it  gave  rise  to  con- 
fusion in  determining  the  position;  but  in  the  third  and 
last  case,  the  attendant,  having  had  the  experience  with 
the  two  others,  easily  discovered  that  the  posterior  fon- 
tanel contained  Wormian  bones  (Fig.  5251).  Each  child 
was  still-born.     The  skulls  of  two  were  preserved,  but 
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the  family  woiild  not  permit  an  autopsy  to  be  made  upon 
the  third  cliild,  which  was  talien  away  for  burial.  It 
could,  however,  be  easily  felt  that  AVormian  bones  were 


Fig.  5393.— Wormian  Bones,  as  seen  in  the  Author's  Case. 

present  and  that  their  shape  and  number  were  the  same 
as  in  the  other  two  cases,  there  being  two  triangular 
pieces,  one  larger  than  the  other. 

The  writer  believes  it  to  be  possible  that  during  labor 
these  bones  may  prevent  the  usual  overlapping  of  the 
sutures  of  the  skull,  and  that  during  the  second  stage— 
i.e.,  when  the  pressure  is  greatest— they  may  even  in- 
flict serious,  possibly  fatal,  injury  upon  the  contents  of 
the  cranium.  The  question  then  arises.  Could  this  be 
avoided  by  the  prompt  and  early  use  of  instruments?  It 
is  hoped  that  obstetricians  will  record  cases  of  a  like  na- 
ture, and  report  upon  them  with  a  view  of  determining 
the  effects  produced  by  Wormian  boues  during  the  prog- 
ress of  childbirth.  Grace  Peckham  Murray. 
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Pe'ckhtm!'Grace:  Wormian  Bones  in  Fontanels,  and  their  Effect  in 

Childbirth.    Medical  Record,  April  Uth,  l»b». 
Eivero  and  von  Tschudi :  Antiquites  Peruviennes. 
St.  Hilaire,  Geoffrey  :  Philosophic  Anatomique,  t  11.,  p.  01. 
Topenjard;  T.:  Eltoents  d'anthropologie  gen^rale,  p.  .b9. 

YELLOW  FEVER:  HISTORY  AND  GEOGRAPHIC 
DISTRIBUTION— The  geographical  range  of  yellow 
fever  is  more  restricted  than  that  of  any  other  acute  in- 
fectious disease,  and  within  the  area  of  its  Prevalence  it 
is  essentially  a  disease  of  the  littoral,  and  especially  of 
seaport  cHies.     While  occasional  epidemics  have  occurred 


upon  the  southwest  coast  of  the  Iberian  peninsula,  the 
disease,  as  an  epidemic,  is  unknown  elsewhere  in  Europe, 
and  there  is  no  evidence  that  it  has  ever  invaded  the  great 
and  populous  continent  of  Asia.  In  Africa  it  is  limited 
to  the  west  coast.  In  North  America,  although  it  has 
occasionally  prevailed  as  an  epidemic  in  every  one  of  our 
seaport  cities  as  far  north  as  Boston,  and  in  the  Mississip- 
pi Valley  as  far  north  as  St.  Louis,  it  has  never  established 
itself  as  an  endemic  disease  within  the  limits  of  the  United 
States.  Vera  Cruz,  and  probably  other  points  on  the 
gulf  coast  of  Mexico,  are,  however,  at  the  present  time, 
endemic  foci  of  the  disease.  In  South  America  it  has 
prevailed  as  an  epidemic  at  all  of  the  seaports  on  the 
gulf  and  Atlantic  coasts,  as  far  south  as  Montevideo  and 
Buenos  Ayres,  and  on  the  Pacific  along  the  coast  of  Peru. 
The  region  in  which  the  disease  has  had  the  greatest 
and  most  frequent  prevalence  is  bounded  by  the  shores 
of  the  Gulf  of  Mexico,  and  includes  the  West  India  isl- 
ands. Within  the  past  few  years  yellow  fever  has  been 
carried  to  the  west  coast  of  North  America,  and  has  pre- 
vailed as  an  epidemic  as  far  north  as  the  Mexican  port  of 
Guaymas,  ou  the  Gulf  of  California. 

The  idea  that  yellow  fever  may  originate  de  now,  with- 
in the  area  of  its  occasional  prevalence,  was  entertained 
by  many  rhedical  authors  during  the  first  half  of  the  past 
century.     Thus  Cornillac  (1880)  says :  "  In  the  zone  which 
is  habitual  to  it,  yellow  fever  may  develop  at  a  given 
moment  without  apparent  cause.     It  is  born   sponta- 
neously at  a  point  of  this  zone,  or  at  several  at  a  time, 
and  neither  the  temperature,  moisture,  barometric  press- 
ure, electricity,  nor  finally  effluvia  given  off  from  the 
soil,  can  explain  this  sudden  invasion."    It  is  true  that, 
in  localities  where  the  disease  is  endemic,  cases  occur 
which  are  not  directly  traceable  to  importation,  but  it  is 
also  true  that  in  the  principal  endemic  foci  of  the  disease, 
such   as  Vera  Cruz,  Havana,  and  Rio   Janeiro,  yellow 
fever  was  at  one  time  unknown,  and  we  have  reliable 
historical  data  fixing  the  date  of  its  importation.     In 
short,  a  careful  consideration  of  the  historical  evidence 
relating  to  the  disease  gives  no  support  to  the  idea  of 
independent    local  origin,  any  more  than  in  the  case 
of  smallpox,  cholera,  or  other  specific  infectious  diseases. 
But  the  early  history  of  the  disease  is  involved  in  ob- 
scurity,  and   we   are  at  present    unable  to  determine 
whether,  as  maintained  by  some,  it  was  endemic  at  cer- 
tain points  on  the  shores  of  the  Gulf  of  Mexico  at  the 
time  of  the  discoverv  of  the  "new  world,"  or  whether  it 
was  imported  to  the  "West  Indies  from  the  African  coast, 
as  maintained  by  others.     The  early  historians,  Herrera, 
Oviedo,  Rochefort,  and  others,  make  reference  to  epi- 
demics among  the  natives  which  occurred  prior  to  the 
discovery  of  the  Antilles,  and  to  fatal  pestilential  dis- 
eases among  the  first  settlers  of  these  islands;  but  their 
accounts  are  not  sufficiently  exact  to  enable  us  to  affirm 
that  the  disease  referred  to  by  them  was  yellow  fever 
The  west  coast  of  Africa  was  discovered  and  colonized 
to  some  extent  before  the  discovery  of  America,  but  tjie 
first  authentic  accounts  of  the  prevalence  of  yellow  fever 
on  this  coast  date  back  only  to  the  year  1778,  over  two 
centuries  after  the  first  settlements  had  been  established. 
On  the  other  hand,  this  very  epidemic  of  1778  at  St. 
Louis  (Senegal)  was  traced  to  importation  from  Sierra 
Leone,  a  portion  of  the  African  coast  which,  according 
to  Hirsch,  "appears  to  be  the  headquarters  of  the  dis- 
ease and  the  starting-point  of  its  epidemic  inroad  into 
the  territories  lying  to  the  north  and  south,  as  well  as- 
into  the  West  African  islands." 

Rochefort,  whose  "Histoire  naturelle  et  morale  cles 
isles  Antilles  de  I'Amerique  "  was  published  in  Hoi  and 
in  1558  says  of  the  West  Indies:  "The  air  of  all  those 
islands  is  very  temperate,  and  healthy  when  one  is  accus- 
tomed to  it.  The  peste  was  formerly  unknown  there  as 
well  as  in  China  and  other  places  in  the  Orient ;  but  some 
vears  since  the  islands  were  afflicted  with  malignant 
fevers  which  the  physicians  considered  contagious 
The  bad  air  was  brought  tliere  by  some  ships  winch 
came  from  the  coast  of  Africa,  but  at  present  we  hear 
nothing  more  of  these  maladies." 

715 


Yellow  Fever, 
Yello^v  Fever. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL   SCIENCES. 


It  seems  very  probable  that  a  pestilential  malady 
■which  prevailed  for  a  time  in  these  usually  healthy  isl- 
ands and  then  disappeared  was  in  fact  yellow  fever,  and 
that  it  was  introduced  by  ships  from  the  west  coast  of 
Africa  is  not  at  all  incredible.  Indeed,  it  almost  seems 
necessary  to  look  for  an  original  endemic  focus  of  the 
disease  outside  of  the  West  Indies,  for  the  reason  that,  in 
the  comparatively  few  places  where  it  is  now  endemic, 
there  is  historical  evidence  to  show  that  there  was  a  first 
importation  and  a  previous  period  of  exemption ;  while, 
on  the  other  hand,  the  conditions  upon  which  endemicity 
at  the  present  day  seems  mainly  to  depend  were  former- 
ly unknown — conditions  arising  from  the  aggregation  of 
population  at  seaport  cities,  as  at  Havana,  Vera  Cruz, 
and  Rio  Janeiro. 

Some  authors  have  attempted  to  identify  the  epidemic 
disease  mentioned  by  Humboldt — called  by  the  natives 
"  Matlazahuatl " — which  prevailed  in  Mexico  in  1545, 
1576,  1736-37,  and  1761-62,  with  yellow  fever;  but,  as 
pointed  out  by  Hirsch,  this  disease  prevailed  almost  ex- 
clusively among  the  natives  of  the  interior  and  of  the  ta- 
bleland of  Mexico,  while  yellow  fever  is  essentially  a  dis- 
ease of  the  littoral. 

Cornillac,  a  French  author  who  has  made  a  care- 
ful study  of  the  sanitary  history  of  the  West  Indies,  as 
contained  in  the  works  of  Oviedo,  Herrera,  Gomara, 
and  other  Spanish  authois  of  the  sixteenth  century, 
arrives  at  the  conclusion  that  the  pestilential  disease 
from  which  the  settlers  in  the  first  Spanish  colony  at 
Nueva-Isabella,  and  at  Santo  Domingo  (1494-1514),  are 
said  to  have  suffered,  and  which  was  characterized  by  a 
"  saffron-yellow  "  color  of  the  skin,  was  in  truth  yellow 
fever.  While  it  appears  quite  probable  that  this  was  so, 
we  cannot  accept  it  as  demonstrated,  as  the  first  authentic 
accounts  of  yellow  fever  in  the  West  Indies  date  from 
about  the  middle  of  the  following  century. 

In  1635  a  French  colony  was  established  upon  the  isl- 
and of  Guadeloupe,  and  shortly  after  their  arrival  a 
pestilential  disease  appeared  among  the  colonists  which, 
from  the  account  given  by  Dutertre,  a  Catholic  priest 
who  came  to  the  island  five  years  later,  is  accepted  by 
Hirsch  and  by  Cornillac  as  having  been  yellow  fever. 
From  Dutertre's  account,  however,  as  quoted  by  Cornil- 
lac, it  would  appear  that  yellow  fever  was  first  imported 
into  the  island  of  Guadeloupe  in  the  year  1648,  and  that 
the  great  mortality  previously  reported  was  due  to  other 
causes.  Dutertre  says:  "During  this  same  year  1648, 
the  peste,  until  then  unknown  in  these  islands  since  they 
were  inhabited  by  the  French,  was  brought  there  by 
some  vessels.  It  commenced  at  Saint-Christophe,  and 
during  the  eighteen  montlis  that  it  lasted  carried  away 
nearly  one-third  of  the  inhabitants.  This  epidemic  'peste 
caused  in  those  who  were  attacked  a  violent  mnl  de  tete, 
great  debility  in  all  the  members,  and  continual  vomit- 
ing, so  that  in  three  days  it  put  a  man  in  his  tomb.  This 
contagious  malady  was  brought  to  Guadeloupe  by  a  ship 
from  La  Rochelle,  called  Le  Bonify  _ 

At  Barbadoes  the  disease  may  have  prevailed  for  some 
years  prior  to  its  introduction  into  Guadeloupe,  but  the 
first  authentic  account  relates  to  the  year  1647.  Richard 
Ligon,  who  arrived  at  the  island  in  the  month  of  Septem- 
ber of  this  year,  says  that  the  city  of  Barbadoes  was  at 
that  time  suffering  from  a  scourge  which  caused  great 
ravages,  so  that  the  living  scarcely  sufficed  to  bury  the 
dead.  According  to  this  author,  the  cause  of  the  epi- 
demic was  unknown;  it  was  uncertain  whether  it  had 
been  imported,  or  whether  it  originated  from  bad  food, 
the  use  of  marsh  water,  and  the  intemperance  of  the 
colonists.  Ligon  inclines  to  attribute  it  largely  to  the 
latter  cause,  and  remarks  that  not  more  than  one  woman 
died  for  every  ten  men.  We  may  safely  assume,  from 
the  subsequent  history  of  the  island  of  Barbadoes,  that 
the  epidemic  plague  referred  to  by  Ligon  was  not  of 
local  origin,  for,  with  a  rapidly  increasing  population 
this  island  has  enjoyed  considerable  periods  of  immunity 
from  yellow  fever,  and  when  epidemics  have  occurred 
they  have,  as  a  rule,  been  clearly  traced  to  importation. 
From  this  time— 1647-48— the  history  of  yellow  fever  in 
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the  West  Indies  is  a  history  of  epidemic  outbreaks  at 
varying  intervals,  at  the  principal  seaport  towns,  traced 
sometimes  to  importation,  but  more  commonly  assumed 
to  be  of  local  origin.  It  was  epidemic  in  Jamaica  in 
1655,  and  again  in  1671;  at  Santo  Domingo  in  1656;  at 
Martinique  in  1688  and  1696.  In  1699  it  prevailed  wide- 
ly as  an  epidemic  in  the  West  Indies,  and,  according  to 
Hinemann,  made  its  first  appearance  at  Vera  Cruz,  the 
principal  seaport  on  the  gulf  coast  of  Mexico. 

Cuba. — I  cannot  attempt  to  follow  here  the  history  of 
yellow  fever  in  the  West  Indies  generally,  but  shall  give 
an  account  of  its  prevalence  in  Havana. 

The  historian  Pezuela  records  the  prevalence  of  a 
malignant  pestilential  disease  in  Havana  in  1648,  a  year 
in  which,  as  we  have  seen,  yellow  fever  was  epidemic 
in  the  islands  of  Guadeloupe  and  of  Barbadoes.  He 
says:  "In  this  year  tliere  occurred  in  Havana  a  great 
pest  of  putrid  fevers  which  remained  in  the  port  almost 
all  the  summer.  A  large  part  of  the  garrison  and  a 
larger  part  of  the  crew  and  passengers  in  the  vessels 
died."  The  epidemic  continued  the  following  year,  and 
in  1653-54,  according  to  the  author  above  quoted,  "the 
epidemic  was  renewed  with  equal  fury";  and  in  1655 
"  in  the  capital  continued  to  carry  away  its  victims  with- 
out regard  to  rivalries  and  passions."  According  to  Dr. 
S.  E.  Chaille,  president  of  the  Havana  Yellow-fever 
Commission  (1879),  from  whose  report  we  have  quoted 
the  above  extracts  from  Pezuela,  there  is  no  historical 
evidence  of  the  prevalence  of  yellow  fever  in  Havana  for 
more  than  a  hundred  years  after  the  date  mentioned. 
"  On  the  contrary,  there  are  repeated  records  of  the  great 
salubrity  of  the  climate  and  the  absence  of  epidemic  dis- 
eases." 

It  was  not  until  the  year  1761  that  yellow  fever  estab- 
lished itself  in  the  previously  healthy  city.  Pezuela 
gives  the  following  account  of  its  introduction:  "Al- 
though Havana  is  situated  on  the  northern  boundary  of 
the  torrid  zone,  it  was  very  justly  considered  one  of  the 
most  healthy  localities  on  the  island  before  its  invasion, 
in  a  permanent  manner,  by  the  vomito  negro,  imported 
from  Vera  Cruz  in  the  summer  of  1761.  ...  In  May 
there  came  from  Vera  Cruz,  with  materials  and  some 
prisoners  destined  for  the  works  on  the  exterior  fortifica- 
tions of  Havana,  the  men-of-war  Reina  and  America, 
which  communicated  to  the  neighborhood  the  epidemic 
known  by  the  name  of  '  vomito  negro. '  At  the  end  of 
the  following  June  there  were  stationed  in  this  port  nine 
men-of-war,  despatched  from  Cadiz,  and  sent  to  the  chief 
of  the  squadron,  Don  Entienne  de  Hevia ;  they  brought 
a  reinforcement  of  2,000  men.  More  than  3,000  persons 
succumbed  to  the  epidemic  on  this  tM  first  appearance  of 
the  vomito." 

From  this  time  the  new  levies  of  troops  sent  from 
Spain  to  Cuba  continued  to  suffer  enormous  losses  from 
the  endemic  pestilence.  In  1779  there  arrived  from 
Spain,  then  at  war  with  Great  Britain,  "an  army  of 
3,500  men,  which  was  immediately  decimated  by  the 
vomito."  In  1780,  during  the  month  of  August,  an 
army  of  8,000  men  was  landed  in  Havana,  which  during 
the  two  following  months  suffered  a  loss  of  about  2,000 
men  with  the  vomito.  Pezuela  records  the  fact  that  in 
1794,  in  the  garrison  and  squadron,  there  were  more  than 
1,600  victims  to  the  disease. 

The  endemicity  of  yellow  fever  in  Havana  was  fully 
established  by  the  reseaches  of  the  commission  sent  to 
that  city  in  1879,  by  the  National  Board  of  Health.  Dr. 
Chaille,  president  of  this  commission,  says  in  his  elabo- 
rate report,  published  in  1881 :  "  Since  1761  yellow  fever 
has  prevailed  certainly  in  Havana,  and  probably  in  other 
places  in  Cuba,  every  year,  and  the  dates  of  prevalence 
recorded  in  our  text-books  indicate  no  more  than  the 
years  of  greatest  prevalence.  The  disease  prevails  in 
Havana,  and  in  some  other  places  in  Cuba,  not  only 
every  year,  but  also  every  month  in  the  year;  records 
in  1837  indicate  that  at  that  date  the  monthly  preva- 
lence had  become  habitual  in  Havana;  the  statistics, 
solely  of  the  military  and  civil  hospitals,  prove  that 
during  the  408   months,    1846-79,   there  was  only  one 
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single  month  free  from  officially  recorded  cases  of  yel- 
low fever."  ■' 

The  following  tables  are  from  the"Prelkninary  Report 
of  the  Havana  Yellow-fever  Commission'*' ! 

Monthly  Maximum  and  Minimum  Deaths  by  Yellow  Fever  in 
Havana  During  the  Ten  Years  1870-79. 


Months. 

Mini- 
mum. 

Maxi- 
mum. 

Months. 

Mini- 
mum. 

Maxi- 
mum. 

January  

6 
i 
4 
4 
13 
66 

33 
24 
32 
37 

103 
378 

July 

68 
70 
35 
28 

,■; 

9 

675 

February  

itfarch 

September 

284 
185 
150 
82 

April 

May 

November 

December 

June 

In  no  one  of  the  ten  years  1870-79  have  there  ever  been 
fewer  deaths  than  in  the  first,  nor  more  than  in  the  sec- 
ond, column,  and  the  total  deaths  by  yellow  fever  for 
each  year  were  as  follows : 

Total  Deaths  by  Yellow  Fever  in  Havana. 


In  1870 665 

In  1871 991 

In  1872 515 

In  1873 1,244 

In  1874 1,425 


In  1875 1,001 

In  1876 1,619 

In  1877 1,374 

In  1878 1,559 

In  1879,  to  Oct.  1st. .  1,353 


The  disease  continued  to  prevail  in  Havana  up  to  the 
time  of  the  occupation  of  that  city  by  the  United  States 
troops  in  1898.  According  to  Colonel  Gorgas  the  mor- 
tality during  the  month  of  October  between  the  years 
1889  and  1899  ranged  from  35  in  1899  to  240  in  1896 
(average  for  ten  years  6S.27).  After  the  demonstration 
by  Major  Reed  and  his  associates  (1900)  that  yellow  fever 
is  transmitted  through  the  agency  of  mosquitoes,  Colonel 
Gorgas  (then  Major  Gorgas,  surgeon  U.S.A.)  inaugu- 
rated his  successful  campaign  against  infected  mosqui- 
toes, and  in  November,  1901,  was  able  to  report  that: 
"  During  the  month  we  have  had  no  cases  and  no  deaths 
from  yellow  fever.  Last  year,  1900,  we  had  during  this 
month  214  cases  and  54  deaths.  This  year  the  last  case 
occurred  on  September  28th,  that  is,  we  have  gone  over 
two  months  without  a  single  case  or  death  belonging  to 
Havana."  This  record  has  been  continued  since,  and  the 
citjr  of  Havana  has  ceased  to  be  one  of  the  endemic  foci 
of  the  disease  under  consideration. 

The  board  for  the  study  of  yellow  fever  in  the  island 
of  Cuba  was  appointed  upon  my  recommendation  and 
received  its  instructions  from  me.  It  was  constituted  as 
follows:  Major  "Walter  Reed,  surgeon  U.S.A.,  Dr.  James 
Carroll,  contract  surgeon  U.S.A.  (now  assistant  surgeon 
U.S.A.),  Dr.  A.  Agramonte,  contract  surgeon  U.S.A.,  and 
Dr.  Jesse  W.  Lazear,  contract  surgeon  U.S.A.  The 
demonstration  that  yellow  fever  is  transmitted  by  in- 
fected mosquitoes  was  made  during  the  summer  of  1900 
and  announced  in  a  "  Preliminary  Note  "  read  at  the  meet- 
ing of  the  American  Public  Health  Association,  October 
22d,  1900.  The  conclusions  of  this  board  have  been  fully 
confirmed  by  the  commission  sent  by  the  French  Govern- 
ment in  1901  to  investigate  yellow  fever  in  Rio  Janeiro. 
This  commission  found  that  the  blood  serum  of  yellow- 
fever  patients  is  virulent  up  to  the  third  day  of  the 
disease,  but  not  later.  The  virus  passes  with  the  serum 
through  a  Chamberlain  filter  (bougie  F).  This  is  in  ac- 
cord with  the  results  obtained  by  Major  Reed  and  his 
associates,  who  found  that  blood  serum  from  a  yellow- 
fever  patient,  obtained  during  the  first  three  days  of  the 
disease,  when  passed  through  a  Berkefeld  filter  still  con- 
tains the  specific  infectious  agent,  as  proved  by  success- 
ful inoculations  in  susceptible  individuals. 

These  results  are  in  accord  with  my  own  conclusions, 
reached  after  extended  investigations  made  in  Cuba,  in 
Brazil,  and  in  Mexico  (in  1878, 1887,  1888,  and  1889).  In 
my  final  report  I  say : 

"The  specific  cause  of  yellow  fever  has  not  yet  been 
demonstrated. 

"  It  is  demonstrated  that  micro-organisms  capable  of 
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development  in  tlie  culture  media  usually  employed  by 
bacteriologists,  are  only  found  in  the  blood  and  tissues  of 
yellow-fever  cadavers  in  exceptional  cases,  when  cultures 
are  made  very  soon  after  death. " 

The  inference  from  filtration  experiments  considered  in 
connection  with  the  fact  that  it  has  not  been  possible  to 
demonstrate  the  presence  of  a  specific  micro-organism  in 
the  virulent  blood  of  yellow-fever  patients  appears  to  be 
that  the  germ  of  yellow  fever  is  so  minute  as  to  be  ultra- 
microscopic. 

Yellow  fever  prevailed  almost  annually  in  some  of  the 
other  seaports  of  the  island  of  Cuba  prior  to  the  American 
occupation  of  that  island,  especially  in  Matanzas,  Cien- 
fuegos,  Santiago  de  Cuba,  and  Manzanillo. 

Vem  Cru2,  the  principal  seaport  on  the  gulf  coast  of 
Mexico,  is  also  the  principal  endemic  focus  of  yellow 
fever  upon  this  coast.  According  to  Hinemann,  the  first 
epidemic  occurred  in  1699,  a  year  in  which  yellow  fever 
was  widely  prevalent  in  the  West  Indies,  and  in  which 
it  prevailed  for  the  first  time  as  an  epidemic  in  the  city 
of  Philadelphia. 

The  following  table,  which  I  copy  from  a  paper  by  Dr. 
Zacarias  R.  Molina,  a  medical  officer  of  the  Mexican  army 
who  has  for  a  number  of  years  been  on  duty  in  the  MiH- 
tary  Hospital  at  Vera  Cruz,  shows  the  continued  preva- 
lence of  the  disease  in  that  city  during  a  period  of  nearly 
fifteen  years: 
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City  of  Vera  Cruz 

FROM  JULY,  1867,    to  DECEMBER,   1881. 
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79 
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34 
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There  is  no  evidene  of  continued  prevalence  at  other 
towns  upon  the  Mexican  Coast,  but  epidemics,  which 
have  usually  been  traced  to  importation  from  Vera  Cruz, 
have  occurred  at  Matamoras,  at  Tampico,  at  Tuxpan,  at 
Campeche,  and  at  Manzanillo. 

The  gulf  coast  of  South  America,  and  especially  the 
English  and  French  settlements  in  Guiana,  have  been 
frequently  visited  by  epidemics  of  yellow  fever,  and  it  is 
probable  that  the  disease  is  endemic  at  one  or  more  points 
upon  this  coast.  Its  epidemic  prevalence  is  recorded  for 
the  following  years  at  Demerara :  1793-96,  1800,  1803, 
1818,  1819,  1820,  1821,  182."),  1827,  1828,  1831,  1837-39, 
1841-45,  1851-53,  1861-66  (Hirsch). 

In  Venezuela  the  disease  has  prevailed  at  the  capital, 
Caracas,  and  the  neighboring  seaport.  La  Quayra. 

In  Central  America  epidemics  have  occurred  at  all  of 
the  principal  seaports:  Panama,  Portvbello,  Belize,  Nica- 
ragua. 

Bkazil. — The  Portuguese  author  El  hastiao  da  Rocha 
Pitti  has  given  an  account,  in  his  "  History  of  Portu- 
guese America,"  published  in  Lisbon  in  the  year  1730,  of 
an  epidemic  malady  which  prevailed  in  Pernambuco  in 
the  year  1686,  wliich  very  probably  was  yellow  fever. 
This  author  says  (Book  VII.,  p.  427  et  seq.):  "In  the  year 
1686,  commenced  in  Pernambuco  that  terrible  plague 
(contagious  disease,  Bicha)  which  must  be  attributed  to 
the  sins  of  the  population  of  these  provinces,  corrupted 
by  the  vices  into  which  they  were  enticed  by  the  wealth 
and  freedom  of  Brazil.  Many  causes  are  alleged,  the 
most  worthy  of  attention  being  the  arrival  of  some  bar- 
rels of  meat  which  returned  from  the  island  of  Sao 
Thome  (St.  Thomas).     These  were  opened  by  a  cooper, 
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who  shortly  afterward  fell  dead.  Soon  after  several  per- 
sons of  his  family,  to  whom  he  had  communicated  the 
disease,  also  died.  The  epidemic  spread  to  such  an  ex- 
tent among  the  inhabitants  of  Recipe  (Pernambuco)  that 
the  mortality  exceeded  two  thousand,  which  was  very 
large  in  proportion  to  the  population.  Thence  the  dis- 
ease extended  to  Olinda  and  its  vicinity,  and  very  few 
were  the  persons  who  escaped  it,  such  were  its  virulence 
and  intensity. "  The  account  given  by  the  historian  of 
the  clinical  features  of  this  pestilential  disease  is,  of 
course,  very  imperfect,  but  it  seems  to  justify  the  belief 
that  the  disease  was  really  yellow  fever. 

The  highest  medical  authorities  in  Brazil  agree  that 
yellow  fever  was  not  endemic  in  the  principal  seaports 
of  the  empire  prior  to  the  year  1849,  when  it  was  intro- 
duced into  the  city  of  Bahia  by  the  North  American  brig 
Brazil,  which  sailed  from  New  Orleans,  where  yellow 
fever  was  prevailing,  and  touched  at  Havana.  Two  of 
the  crew  of  this  brig  died  of  yellow  fever  during  her 
voyage  from  the  latter  port  to  Bahia.  Soon  after  her  ar- 
rival the  disease  made  its  appearance  among  those  who 
had  communicated  with  the  ship,  and  later  on  other 
vessels  in  the  harbor.  The  first  case  occurred  a  few  days 
after  the  arrival  of  this  brig  (November  3d).  A  part  of 
her  cargo  is  said  to  have  consisted  of  little  barrels  of  beef 
which  had  become  putrid.  From  Bahia  the  disease  was 
carried  to  Rio  Janeiro,  where  during  the  epidemic  season 
of  1850  it  caused  a  mortality  of  4,160. 

According  to  Professor  Barata,  of  the  Faculty  of  Medi- 
cine of  Rio  Janeiro,  yellow  fever  continued  to  prevail  in 
Brazil  until  the  year  1861,  when  it  disappeared  for  eight 
years,  to  reappear  in  1869-70,  as  the  result  of  a  fresh  im- 
portation. The  Italian  ship  Greolla  del  Plata,  which  had 
touched  at  St.  lago,  where  yellow  fever  was  prevailing, 
is  named  as  the  vessel  which  introduced  the  disease  on 
this  occasion. 

The  mortality  from  the  disease  under  consideration  in 
the  city  of  Rio  from  the  time  of  its  introduction  in  1850 
to  the  year  1886,  is  shown  by  the  following  table : 


Mortality. 
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12 
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0 
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95 
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0 

1883 

278 

1867 
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1,397 
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In  1855  yellow  fever  is  said,  by  Hirsch,  to  have  pre- 
vailed extensively  in  Brazil,  although  this  was  not  an 
epidemic  year  in  Rio  Janeiro.  The  following  year  it  ex- 
tended along  the  Amazon  far  into  the  interior  of  the 
country.  The  years  of  greatest  epidemic  prevalence 
since  that  date  have  been  1859-60,  1862,  1869-70  1872- 
73,  1875-77  (Hirsch). 

From  Brazilian  ports  the  disease  has  occasionally  been 
introduced  into  the  cities  at  the  mouth  of  the  Rio  de  la 
Plata,  and  has  there  caused  great  loss  of  life.  The  first 
epidemic  at  Monteiiideo  was  in  1857,  and  it  was  again 
introduced  into  this  city,  from  Pernambuco,  in  1872.  It 
prevailed  in  the  city  of  Buenos  Ayres  in  1858  and  in  i870. 

Yellow  fever  is  said  to  have  been  conveyed  to  the 
Pacific  coast  of  South  America  by  a  party  of  German 
emigrants,  who  landed  at  Callao,  Peru,  in  1854.  The 
disease  spread  from  this  port  to  the  capital,  and  in  the 
course  of  the  next  two  or  three  years  to  the  principal 
towns  upon'  the  Peruvian  coast,  where  it  continued  to 
prevail  up  to  the  year  1869. 

Chili,  up  to  the  present  time,  has  remained  exempt 
from  the  disease  (Hirsch). 
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Upon  the  West  Coast  of  Africa  the  headquarters  of 
yellow  fever  is  that  portion  of  the  coast  which  belongs 
to  the  province  of  Sierra  Leone,  and  epidemics  at  other 
points  upon  the  African  coast  have  frequently  been 
traced  to  this  locality.  It  seems  very  doubtful,  how- 
ever, whether,  as  some  authors  suppose,  this  is  really  the 
original  source  of  the  disease.  The  French  authors 
Berenger-Feraud  and  Bourru  both  call  attention  to  the 
fact  that  we  have  no  account  of  the  disease  prior  to  the 
year  1778,  although  the  African  coast  was  discovered 
and  colonized  long  before  the  discovery  of  the  West  In- 
dies; and  that,  on  the  other  hand,  the  early  settlers  in 
these  islands  suffered  from  a  pestilential  malady  which 
very  probably  was  yellow  fever. 

At  St.  Louis  (Senegal)  an  epidemic  occurred  in  1778, 
and  this  is  the  first  outbreak  of  the  disease  of  which  we 
have  any  reliable  information  in  this  portion  of  the 
world.  The  disease  in  this  instance  is  said  by  Schotte  to 
have  been  imported  from  Sierra  Leone,  where  epidemics 
are  recorded  to  have  occurred  during  the  past  century  in 
1816,  1823,  1825,  1829-30,  1887-39,  1845-47,  1859,  1862, 
1864,  1865-66,  1868,  1878  (?)  (Hirsch).  Frequent  epi- 
demics have  also  occurred  at  Senegarribia,  and  the  disease  ' 
has  prevailed  upon  the  Oold  Coast  (1853,  1857,  1862),  the 
Congo  Coast  (1816,  1860,  1862,  1865),  at  the  Cape  Verde 
Islands  (lSi5,  1862,  1868),  and  the  CaruMy  Islands  (1701, 
1771,  1810,  1846,  1862). 

In  Europe  the  ravages  of  yellow  fever  have  been  re- 
stricted mainly  to  the  Iberian  peninsula.  This  is  due,  no 
doubt,  to  the  frequent  intercourse  between  Spain  and 
Portugal  and  the  West  Indian  ports,  in  which  the  disease 
is  most  prevalent,  and  to  the  fact  that  the  summer  tem- 
perature of  these  countries  is  favorable  for  the  epidemic 
extension  of  the  disease ;  whereas  the  more  northern  por- 
tions of  Europe  are  practically  outside  of  the  yellow- 
fever  zone. 

The  first  epidemic  in  Spain  occurred  in  the  year  1700, 
at  Cadiz.  This  city  also  suffered  in  1730-31,  1733-34, 
1764,  1780,  1800,  1804,  1810,  1819-21.  The  epidemics  of 
1800,  1810,  and  1819  were  not  limited  to  the  city  of 
Cadiz,  but  the  disease  extended  to  the  interior  and 
caused  a  considerable  loss  of  life  in  the  provinces  of 
Granada  and  Andalusia,  and  also  in  some  of  the  towns  of 
Murcia  and  Catalonia — especially  in  Barcelona,  from 
which  city  the  disease  was  conveyed  to  the  island  of 
Majorca  during  the  last  epidemic.  No  widespread  epi- 
demic has  occurred  in  Spain  since  1821,  but  local  out- 
breaks, as  a  result  of  importation  from  the  West  Indies, 
have  occurred  in  Gibraltar  (1828),  Barcelona  (1870),  and 
Madrid  (1878). 

The  first  epidemic  at  Lisbon  was  in  1728,  a  second  was 
inaugurated  in  1856,  and  during  the  following  year 
developed  into  a  devastating  scourge  which  extended  to 
the  towns  of  Belem,  Olivaes,  and  Alraada. 

In  Italy  yellow  fever  has  only  once  effected  a  tem- 
porary lodgment — at  Leghorn,  in  1804,  into  which  city  it 
was  imported  from  Spain. 

Ships  with  yellow  fever  on  board  have  occasionally 
arrived  at  English  and  French  ports,  but  local  conditions 
have  apparently  not  been  favorable  to  an  extension  of  the 
disease,  except  to  a  limited  extent  at  Brest,  in  1856,  at 
St.  Nazaire,  in  1861,  and  at  Swansea  (Wales),  in  1864. 

Bahama  Islands. — Yellow  fever  prevailed  as  an  epi- 
demic at  Nassau  in  1861,  1863,  1863,  and  in  1869. 

According  to  Hirsch,  yellow  fever  prevailed,  to  a 
limited  extent,  at  Halifax  (latitude  44°  26),  in  1861,  and 
at  Quebec  (latitude  46°  50'),  in  1805. 

Prevalence  op  Yellow  Fever  in  the  United 
States. — New  Hampshire. — Portsmouth  is  the  most 
northern  point  in  the  United  States  which  has  suffered  an 
epidemic  of  yellow  fever.  In  1798,  and  again  in  1803, 
during  which  year  the  disease  was  epidemic'in  New  York 
and  in  Philadelphia,  it  was  also  epidemic  in  this  city. 

Massachusetts.— In  1693  an  English  expedition  sailed 
from  Boston  for  the  purpose  of  taking  from  the  French 
the  island  of  Martinique.  The  expedition  failed  in  its 
object  and  returned  to  Boston  on  June  17th,  with  yellow 
fever  on  board  the  vessels  of  the  fleet.    Hutchinson,  in 
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his  "History  of  Massachusetts  Bay,"  says  the  mortality 
among  the  sailors  had  been  1,300,  out  of  a  total  strength 
of  3,100,  and  that  out  of  the  same  number  of  soldiers  the 
loss  was  1,800.  He  states  that  the  disease  spread  from 
the  fleet  to  the  town,  and  that  many  families  left  town 
and  resided  in  the  country  until  the  infection  had  ceased. 
This  is  the  first  authentic  account  of  the  occurrence  of 
yellow  fever  within  the  present  limits  of  the  United 
States.  In  1796  the  disease  prevailed  to  a  limited  extent 
in  Boston  and  in  Newburyport.  In  1798  it  prevailed  as 
an  epidemic  in  Boston,  where  the  mortality  was  200,  and, 
in  1803,  60  fatal  cases  occurred  in  the  same  city.  Some 
cases  also  occurred  in  the  years  1800,  1819,  and  1858. 

Bhode  Island.— The  city  of  Providence  was  several 
times  visited  by  yellow  fever  during  the  latter  part  of 
the  eighteenth  and  the  beginning  of  the  last  century 
—1794,  1795  (mortality  45),  1797  (mortality  45),  1800, 
1805  The  disease  prevailed  at  Newport  in  1798,  and  at 
Bristol  in  1797. 

Connecticut.— Th&  disease  prevailed  at  New  London  in 
1795,  and  again  in  1798,  when  the  mortality  was  81. 
Hirsch  records  the  occurrence  of  the  disease  at  New 
Haven  in  1743,  1794,  and  1805;  at  Middletown  in  1820; 
at  Chatham  in  1796,  and  at  Hartford  in  1799. 

Hew  rorA.— Epidemics  of  greater  or  less  extent  have 
occurred  in  New  Yorlt  City  and  its  immediate  vicinity  in 
1693,  1703,  1743  (mortality  317),  1745,  1763,  1791,  1794, 
1795  (mortality  730),  1798  (mortality  3,080),  1799  (mor- 
tality 76),  1800,  1801,  1803  (mortality  700),  1805  (mortal- 
ity 340),  1809,  1819,  1823  (mortahty  330),  1848,  1853, 
1854,  1856,  1870  (mortality  49). 

iVew  Jerse?/.— Hirsch  records  the  following  local  epi- 
demics: Bridgetown,  1798,  Chews,  1798,  Woodbury, 
1798,  Perth  Amboy,  1811. 

Penn^lvania.—K.ccorAmg  to  La  Roche  "the  earliest 
onset  of  the  disease  occurred  in  1699,  when  Philadelphia, 
then  but  seventeen  years  of  age,  was  little  more  in  point 
of  extent  than  an  ordinary  country  town. "  There  are  no 
medical  accounts  of  this  epidemic,  but  there  is  no  doubt 
as  to  the  nature  of  the  disease,  which  caused  a  mortality 
of  330  in  the  new  city,  estimated  to  have  contained  less 
than  four  thousand  inhabitants.  The  next  epidemic  in 
Philadelphia  occurred  in  1741,  ^hen  the  mortality  was 
350  Subsequent  epidemics  occurred  m  1747,  1763,  179d 
(mortality  4;041),  1794,  1797  (mortality  1,300),  1798  (mor- 
tality 3,500),  1799  (mortality  LOOO),  1803  (mortality  307) 
1803  (mortality  195),  1805  (mortality  400),  1819,  1830 
(mortality  83),  1853  (mortality  138)   1870  (mortality  18) 

Delaware.— In  the  epidemic  of  1798  the  city  of  Wil- 
mington suffered  a  loss  of  350. 

¥arate"^.— Epidemics,  for  the  most  part  of  bmtfd 
extent  have  occurred  in  Baltimore  in  the  years  1783, 
1794  1797.  1798,  1799,  1800, 1803,  1819,  1830,  1821,  1833. 

1868!  1876!  .  .  A       f  -i 

Virqinia.—Xt  Norfolk  epidemics  are  recorded  as  fol- 
lows- 1737  1741,  1794,  1795,  1797,  1799,  1800  (mortahty 
250)  '  1801,' 1831,  1836,  1855  (mortality  1,807)  An  epi- 
demic occurred  at  Petersburg  in  1798,  and  at  Alexandria 
in  1803  At  Portsmouth  the  disease  prevailed  m  185^, 
1854,  and  1855  (mortality  1.000). 

North  6W;m».-Wilmington,  1796  1800.  1831,  1863 
(mortality  446);  Newbern.  1799.  1864  (mortality  700); 
B^auforr  1854:  1864  (mortality  68).  1871;  Washington, 
1800 ;  Smithville,  1862.  .  u-  u    ,„  >,ave 

South  GaroUna.-The  first  epidemic,  of  which  we  have 
any  account,  in  Charleston,  occurred  m  1693 ;  from  this 
time  epidemics  have  been  numerous,  and  during  the  first 
half  ot'  the  present  century  the  physicians  of  Chaileston 
generally  considered  the  disease  endemic  m  that  city. 
That  it  was  not  seems  to  be  demonstrated  bJ  the  immu- 
nity enjoyed  since  1871,  an  immunity  ^l"ch  ^s  probab  y 
due  to  the  diminished  commerce  with  infected  ports  m 
the  West  Indies,  and  to  a  more  efficient  quarantine  ser- 
vice sfnce  the  fact  has  been  recognized  that  the  disease  is 

'^^Thf  prevalence  of  yellow  fever  in  Charleston,  during 
the  oast  century,  is  sho.wn  in  the  following  table  re- 
corded epTdemiJs,  prior  to  the  year  1800,  are  as  follows: 


1693,  1699.  1700.  1703,  1728,  1733,  1734,  1739, 1745,  1748, 
1753.  1755,  1761,  1762.  1768,  1770,  1792,  1794,  1795. 1796. 
1797.  1798,  1799  (mortality  339).  An  epidemic  occurred 
among  the  troops  stationed  at  Hilton  Head  in  1862 ;  Port 
Royal,  1877  (mortahty  25). 

Georgia. — At  Savannah  epidemics  are  recorded  in  the 
years  1800, 1807,  1808.  1817.  1819.  1820.  1837.  1853,  1853. 
1854  (mortality  580),  1858.  1876;  at  St.  Mary's  in  1808 
(mortahty  84),  and  in  1854;  at  Augusta  in  1839  and  1854; 
at  Bainbridge  in  1873;  Brunswick,  1876.  1893. 

Mortality  from  Yellow  Fever  in  Charleston,  S.  C,  Pensa- 
COLA,  FLA.,  Mobile,  Ala.,  New  Orleans,  La.,  and  Galveston, 
Texas,  During  the  Past  Century. 
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1827.... 
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* 
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30 

1871... 
1872. . . 

213 

1833 

1873... 

1874... 

1875 

1876 

1877 

1878. . . 

61 
118 

27 

90 
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1833 

1834. . . . 
1835.... 
1836 

49 
25 

* 

1837 

350 
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1838. . . . 
1839.... 
1840. . . . 

351 
134 
22 

* 

1879 
1880 
1887.. 

1 

*  Number  of  deaths  not  stated. 

Florida  —The  principal  seaport,  Pensacola,  has  suffered 
frequent  epidemics  of  yellow  fever.  Those  which  oc- 
curred during  the  past  century  are  included  in  the  table 
given  above  Two  epidemics  are  recorded  as  having  oc- 
curred prior  to  the  year  1800-1764  and  1765.  At  St. 
Augustine  epidemics  occurred  in  1807,  1821,  1838,  1839, 
Tnd  1841;  at  Key  West  in  1823,  1839.  1841,  1862,  1867 
1875  1878  1887,  1899;  at  Jacksonville  in  1857,  1877,  and 
1888'-  at  Fernandina  in  1877  (mortality  498) ;  at  Tampa 
in  1839,  1853.  1871,  1887,  1888;  at  Miami,  1899.        ^ 

Alabama.— The  recorded  epidemics  in  Mobile,  prior  to 
the  year  1800,  were  in  1705,  1765,  and  1766;  subsequent 
epidemics  are  included  in  the  table.  Montgomery,  1853 
(mortality  35),  1854  (mortality  45),  18o5  (mortality  30), 
1873  (mortality  103);  Selma,  1853  (mortality  33);  Flor- 

^""Mislissippi.-The  town  of  Biloxi  on  'he  gulf ,  has  suf- 
fered from  epidemics  as  follows:  1703,  1839,  1847.  1853. 
1858.  1878,  1884,  1897;  Pascagoula,  1847,  1853,  1S?5, 
1878;  Port  Gibson,  1878;  Shieldsboroiigh,  1830  1839, 
1839;  Port  Adams,  1839,  1853;  Grand  Gulf,  1853;  Nat- 
chez on  the  Mississippi  River,  1817.  1819  (mortahty  180) 
1833  (mortahty  313),  1835  (mortahty  150),  1837,  18^9 
(mortality  90),  1837  (mortality  ^80).  1839  (mortehty  335). 
1848.  1853, 1855,  1858;  Vicksburg,  1839, 1841, 1847,  lb5d, 
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1855,  1858,  1871,  1873,  1878  (mortality  873);  Jackson 
1853,  1854, 1878  (mortality  86),  1898;  Holly  Sprmgs,  1878 
(mortality  309);  Greenville,  1878  (mortality  801);  Grena- 
da 1878  (mortality  330);  Canton,  1878  (mortality  180). 
Our  record  docs  not  include  numerous  smaller  places 
■which  suffered  during  the  epidemic  of  1878,  Ocean 
Springs,  1897,  Edwards,  1897.  . 

Louisiana— The  first  recorded  epidemic  m  New  Or- 
leans was  in  the  year  1769;  other  outbreaks  pnor  to 
the  last  century  were  in  1791,  1793,  1794,  1795,  1796, 
1797  1799.  The  prevalence  of  the  disease  in  this  city 
■subsequent  to  the  year  1800  is  given  in  the  table.  Baton 
Rouge  1817,  1819,  1833,  1837,  1839,  1837,  1843,  1847, 
1853  1858,  1878  (mortality  193),  1898,  1899;  Opelousas, 
1837  1889,  1843,  1853;  St.  Francisville,  1811,  1817,  1819, 
1833'  1837  1839,  1839,  1843,  1846,  1848,  1853;  Shreve- 
port,'  1853, 1873  (mortahty  759) ;  Port  Hudson,  1839, 1841, 
1843  1853,  1878;  Tliibodeaux,  1846,  1853,  1854,  1878; 
Washington,  1837,  1839,  1852,  1853,  1854,  1867;  Morgan 
•City  1878  (mortality  109).  Numerous  smaller  places 
during  the  epidemics  of  1873  and  of  1878;  Franklin, 
1898,  Alexandria,  1898. 

I'exas  —The  epidemics  at  Galveston  are  included  in 
■  our  table.  Houston,  1839,  1844,  1847,  1848,  1853,  1854, 
1858,  1859,  1864,  1867,  1870;  Huntsville,  1867  (mortality 
130);  Hempstead,  1867  (mortahty  151);  Indianola,  1852, 
1853,  1858,  1859,  1862,  1867  (mortality  80);  La  Grange, 
1867  (mortality  200);  Matagorda,  18B2  (mortality  120); 
Navazota,  1867  (mortality  154);  Rio  Grande  City,  1867 
•  (mortality  150) ;  Victoria,  1867  (mortality  200) ;  Brenham, 
1867  (mortality  130);  Calvert,  1867  (mortality  350); 
Chapel  Hill,  1867  (mortality  133);  Columbia,  1867  (mor- 
tality 133);  Brownsville,  1853,  1858,  1862,  1882;  Laredo, 
1903. 

Tennessee.— Memphis,  1838,  1853,  1855,  1867,  1873 
{mortality  1,344),  1878  (mortahty  5,000),  1879  (mortality 
-485);  Chattanooga,  1878  (mortahty  135);  Brownsville, 
1878  (mortality  312) ;  numerous  smaller  towns  in  1878. 

jlrtensa*.— Columbia,  1853;  Port  Smith,  1833,  Little 
Rock,  1873,  Napoleon,  1853. 

Eentuehy.-BoTffMng  Green,  1878;  Hickman,  1878 
(mortality  153);  Louisville,  1878  (mortality  64). 

y/ijo._Cincinnati,  1871,  1873,  1878  (mortality  17); 
-GaUipolis,  1796,  1878  (mortahty  18). 

Illinois.— Cairo,  1873  (mortality  17),  1878  (mortality 
-51). 

Missouri.— St.  Louis,  1854,  1855,  1878  (mortality  16): 
New  Design,  1797  (mortahty  57). 

Oreat  ^ddemics  in  the  United  States.  1793. — The  city 
of  Philadelphia,  after  enjoying  an  immunity  from  yellow 
fever  for  thirty-one  years,  suffered  in  1793  a  devastating 
■epidemic.  This  epidemic,  no  doubt,  resulted  from  im- 
portation, although  a  clear  history  of  its  introduction 
was  not  made  out  at  the  time,  and  the  leading  physicians 
of  the  city  were  inclined  to  attribute  it  to  local  origin,  as 
,a  result  of  unsanitary  conditions  in  connection  with  an 
unusually  high  temperature.  La  Roche  says :  "  Dr.  Rush 
And  others  laid  great  stress  on  a  quantity  of  damaged 
^coffee  which  was  exposed,  during  the  latter  part  of  July, 
in  a  place  (on  a  wharf  and  in  the  adjoining  dock)  and 
under  circumstances  which  favored  decomposition.  Its 
smell  was  highly  putrid  and  offensive,  insomuch  that  the 
inhabitants  of  the  houses  in  Water  and  Front  streets, 
who  were  near  to  it,  were  obliged  in  the  hottest  weather 
to  exclude  it  by  shutting  the  doors  and  windows.  Even 
persons  who  only  walked  along  those  streets  complained 
-of  intolerable  fetor,  which,  upon  inquiry,  was  constantly 
traced  to  the  putrid  coffee." 

As  usual,  the  early  cases  were  not  recognized  as  yel- 
low fever.  Dr.  Rush  says:  "The  report  of  a  malignant 
-and  fatal  fever  being  in  town  spread  in  every  direction, 
but  it  did  not  gain  universal  credit.  Some  of  those 
physicians  who  had  not  seen  patients  in  it  denied  that 
any  such  fever  existed,  and  asserted  (though  its  mortal- 
ity was  not  denied)  that  it  was  nothing  but  the  common 
annual  remittent  of  the  city.  Many  of  the  citizens 
joined  the  physicians  in  endeavoring  to  discredit  the  ac- 
count I  had  given  of  this  fever,  and,  for  a  while,  it  was 


treated  with  ridicule  or  contempt.  Indignation  in  some 
instances  was  exerted  against  me. "  History  has  repeated 
itself,  in  this  particular,  many  times  in  subsequent  epi- 
demics. The  early  cases,  even  in  cities  like  New  Or- 
leans, where  the  physicians  are  well  acquainted  with  the 
disease,  are  frequently  called  by  some  other  name— 
"bilious  fever,"  "pernicious  fever,"  "malarial  fever," 
etc.— and  the  physician  who  first  ventures  to  name  the 
prevailing  disease  "  yellow  fever  "  is  treated  with  ridicule 
or  with  indignation. 

It  was  not  until  the  middle  of  August  that  a  rapid  suc- 
cession of  fatal  cases  convinced  the  physicians  of  the 
city  that  the  fatal  West  Indian  pestilence  was  again  pres- 
ent in  Philadelphia. 

The  presence  of  the  disease  was  officially  recognized 
on  the  23d  of  August,  when  the  mayor  of  the  city  gave 
orders  for  the  cleaning  of  streets  and  general  purification 
of  the  city.  The  disease  continued  to  extend  until  early 
in  October,  when  it  reached  its  height.  It  did  not  cease 
entirely  until  about  the  8th  of  November.  During  this 
short  season  of  prevalence  it  caused  an  enormous  mortal- 
ity, distributed  as  follows:  "August,  325;  September, 
1,442;  October,  1,976;  November,  118"  (La  Roche). 

The  population  of  the  city  at  this  time  is  estimated  to 
have  been  a  little  more  than  40,000,  which  gives  a  mor- 
tality of  ten  per  cent,  of  the  total  population  (total  mor- 
tality 4,040).  As  more  than  18,000  of  the  inhabitants 
fled  from  the  city,  the  proportion  of  those  who  were  at- 
tacked is  very  great.  La  Roche  estimates  the  total  num- 
ber of  cases  at  11,000. 

1797, — The  epidemic  of  this  year  in  the  city  of  Phila- 
delphia was  less  extended  and  less  fatal.  The  whole 
number  of  deaths  is  estimated  to  have  been  about  1,300. 
The  disease,  as  usual,  commenced  in  the  vicinity  of  the 
wharves  (about  the  end  of  July).  Unsanitary  c6nditions, 
described  by  physicians  who  were  witnesses  of  the  epi- 
demic, furnished  the  favorable  local  nidus  for  the  exotic 
germ,  which,  according  to  a  report  of  the  College  of 
Physicians  of  Philadelphia  made  in  response  to  a  request 
from  the  governor,  was  imported  by  two  vessels,  one 
from  Havana  and  the  other  from  Port  au  Prince.  In  this 
report  the  College  of  Physicians,  contrary  to  the  prevail- 
ing popular  opinion  and  that  of  many  prominent  physi- 
cians, took  the  ground  that  the  unsanitary  local  con- 
ditions were  simply  secondary  or  accessory  causes,  and 
recommended  "a  more  stringent  system  of  quarantine 
regulations,  as  the  most  effectual  means  of  preventing 
the  recurrence  of  the  disease  "  (La  Roche). 

1798.— The  epidemic  of  1797  was  followed  the  next 
year  by  a  still  greater  one,  which  was  not  confined  to  the 
city  of  Philadelphia  alone.  The  disease  prevailed  also 
in  Boston  (mortality  200),  in  Portsmouth,  N.  H.  (mortal- 
ity 100),  in  Newport,  R.  I.  (mortahty  2),  in  New  Lon- 
don, Conn,  (mortality  81),  in  New  York  (mortality  2,080), 
in  Wilmington,  Del.  (mortality  250),  and  in  Charleston, 
S.  C.  The  mortality  in  Philadelphia  was  3,645,  distrib- 
uted as  follows:  August,  626;  September,  2,004;  Octo- 
ber, 943;  November  (from  the  1st  to  the  5th),  73.  The 
mortality,  in  proportion  to  the  number  of  cases,  in  the 
city  of  Philadelphia,  was  enormous,  being,  according  to 
La  Roche,  about  as  1  to  1.27  of  those  attacked,  or  nearly 
eighty  per  cent.  This  is  accounted  for  partly  by  the  fact 
that  tlie  better  classes  of  the  community  left  the  city  as 
soon  as  possible  after  the  outbreak  of  the  disease,  and 
the  cases  which  occurred  were  consequently  among  the 
poorer  classes,  who  inhabited  the  worst  portions  of  the 
city.  The  prevailing  ideas  as  to  the  treatment  of  fevers 
by  depleting  measures,  were  doubtless  responsible  to 
some  extent  for  the  excessive  mortality.  "The  College 
of  Physicians,  faithful  to  the  theory  so  long  entertained 
by  it  in  relation  to  the  cause  of  the  disease,  assigned  to  . 
the  epidemic  this  year,  as  it  had  done  to  those  of  preced- 
ing seasons,  a  foreign  origin  "  (La  Roche). 

1802.— An  epidemic  of  smaller  proportions  prevailed 
in  the  year  1802,  causing  a  mortality  in  Boston  of  60,  in 
Philadelphia  of  307,  in  Wilmington  of  86,  in  Charleston 
of  96.  The  disease  also  prevailed  "extensively"  in  Bal- 
timore, but  no  record  of  mortality  ia  given.    The  preva 
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lence  of  the  disease  at  the  seaports  meutioned,  especially 
before  the  time  of  railroad  communication,  is  not  to  be 
ascribed  to  an  extension  from  one  to  the  others,  or  to  "  an 
epidemic  constitution  of  the  atmosphere  " ;  but  it  doubt- 
less occurred,  for  the  most  part,  as  a  result  of  independ- 
ent importation  from  the  usual  source  of  the  disease — the 
West  Indies.  Thus  we  find  that  in  1803,  while  Boston 
and  Philadelphia  suffered  epidemics.  New  York,  lying 
between  the  two  infected  points,  was  free  from  the  dis- 
ease (two  cases  only  are  reported). 

1853. — Passing  over  the  minor  epidemics,  for  the  most 
part  limited  to  a  single  city,  or  by  coincidence  merely  to 
two  or  more  distant  seaports,  we  come  to  the  epidemic  of 
1853,  which  extended  through  portions  of  the  States  of 
Florida,  Alabama,  Louisiana,  Mississippi,  Arkansas,  and 
Texas.  The  towns  which  suffered  in  Florida  were  Pen- 
sacola,  Milton,  and  Tampa.  In  Alabama,  Mobile  (mor- 
tality 115),  Cahawba,  Citronelle,  Demopolis,  Fulton, 
Hollywood,  Montgomery  (mortality  35),  Selma  (mortality 
S3),  were  the  principal  towns  visited  by  the  scourge.  In 
Louisiana  the  disease  prevailed  at  New  Orleans,  with  a 
mortality  of  7,970,  at  Alexandria,  Algiers,  Bay  St.  Louis, 
Bayou  Sara,  Centreville,  Clinton,  Coultierville,  Franklin, 
Opelousas,  Pattersonville,  Plaquemine,  Shreveport,  Thi- 
bodeaux,  Trenton,  Washington,  and  various  smaller 
places.  In  Mississippi,  Biloxi,  Brandon,  Clinton,  Grand 
Gulf,  Greenwood,  Jackson,  Natchez,  Pascagoula,  Pass 
Christian,  Port  Gibson,  Washington,  Woodville,  Yazoo. 
In  Arkansas,  Columbia,  Grand  Lake,  Napoleon.  In 
Texas,  Brownsville,  Cypre.ss  City,  Galveston,  Hockley, 
Houston,  Indianola,  Liverpool,  Richmond,  Saluria. 

1867. — The  epidemic  of  this  year  was  widely  extended 
in  the  State  of  Texas.  The  first  recognized  case  in  New 
Orleans  occurred  on  the  10th  of  June.  The  total  mortal- 
ity in  this  city  was  3, 093.  Other  towns  visited  in  Louis- 
iana were  New  Iberia  and  Opelousas.  In  Texas  the  first 
cases  occurred  at  Galveston  on  the  86th  of  June,  and  the 
total  mortality  in  this  city  was  1,150.  Other  places 
visited  by  the  epidemic  were  Alleyton,  Anderson,  Aus- 
tin, Bastrop,  Brenham,  Calvert  (mortality  350),  Chapel 
Hill  (mortality  133),  Corpus  Christi,  Danville,  Goliad, 
Hempstead  (mortality  151),  Huntsville  (mortality  130), 
Independence,  Indianola  (mortality  80),  La  Grange  (mor- 
tality 300),  Liberty,  MiUican,  Navazota  (mortality 
154),  Oldtown,  Port  Lavacca,  Rio  Grande  City  (mortal- 
ity 150),  Victoria  (mortality  300). 

1873.— Florida,  Alabama,  Mississippi,  Louisiana,  and 
Texas  again  suffered  from  an  epidemic  of  yellow  fever 
in  the  year  1873.  At  Pensacola,  Fa.,  the  first  recorded 
cases  occurred  August  6th,  and  the  total  mortality  was 
61.  In  Alal)ama  the  disease  appeared  at  Mobile  on  the 
21st  of  August,  and  the  total  mortality  was  but  27; 
Montgomery  suffered  a  loss  of  103.  In  Louisiana  the 
mortality  in  the  city  of  New  Orleans  was  only  325,  al- 
though the  epidemic  had  its  origin  in  this  city.  It  was 
imported  by  the  Spanish  bark  Valparaiso,  which  sailed 
from  Havana,  June  15th,  in  ballast ;  arrived  at  the  New 
Orleans'quarantine  station  June  34th ;  was  detained  two 
days,  and  came  to  the  city  June  36th.  The  first  case 
was  the  mate  of  this  vessel,  who  was  taken  sick  on  board 
July  4th,  while  she  was  lying  at  the  wharf.  But  for  the 
sickness  and  death  of  the  mate  of  the  Valparaiso,  the 
origin  of  this  epidemic  would  have  remained  obscure, 
and  the  believers  in  the  local  origin  of  the  disease  would 
have  had  a  strong  case,  for  no  other  cases  of  the  disease 
occurred  on  the  Valparaiso.  This  is  explained  by  the 
fact  that  the  crew  consisted  of  acclimated  Spaniards,  and 
the  mate  seems  to  have  been  the  only  susceptible  person 
on  board  who  could  serve  as  a  test  of  the  infection  of  the 
vessel  at  her  port  of  departure.  From  New  Orleans  the 
disease  was  carried  to  Memphis  by  the  river  steamer  Bee. 
It  caused  a  mortality  in  this  city  of  3,000.  River  steam- 
ers from  New  Orleans  also  carried  the  disease  to  Shreve- 
port, La.,  where  the  mortality  was  759.  From 
Shreveport  a  refugee  fled  to  the  town  of  Calvert,  Texas, 
where  he  was  taken  sick  and  died ;  an  epidemic  followed 
with  a  total  mortality  of  125.  The  disease  was  also  m- 
troduced  by  refugees  to  the  town  of  Marshall,  Texas, 
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where  38  deaths  occurred.  The  epidemic  of  this  year  at 
Pensacola,  Fla.,  was  due  to  an  independent  importation, 
by  the  ship  Oolden  Bream,  and  Montgomery,  Ala., 
became  infected  through  refugees  from  Pensacola. 

1878. — The  last  extensive  epidemic  of  yellow  fever  in 
the  United  States  is  that  of  1878,  which  invaded  133 
towns,  and  caused  a  mortahty  of  15,934,  out  of  a  total 
number  of  cases  exceeding  74,000. 

The  origin  of  this  epidemic  was  traced  by  the  president 
of  the  Louisiana  State  Board  of  Health  (Chopin)  to  the 
steamer  Emily  B.  Souder,  which  arrived  from  Havana 
May  33d,  and  was  moored  at  the  foot  of  Calliope  Street, 
New  Orleans.  Dr.  Chopin  says.  "The  first  cases  of  yel- 
low fever  in  New  Orleans  in  1878  were,  undoubtedly, 
two  of  the  officers  of  the  above  steamship,  namely, 
Clarke,  the  purser,  and  Elliott,  one  of  the  engineers. 
Infected  centres  were  developed  in  the  vicinity  of  the 
houses  in  which  these  men  were  sick,  but  not  until  after 
an  interval  of  several  weeks,  during  which,  probably 
owing  to  unfavorable  conditions  as  to  temperature,  the 
'  germs '  remained  dormant,  or  at  least  multiplied  so 
slowly  as  not  to  cause  an  outbreak  of  the  disease." 

Fortunately,  this  great  epidemic  has  been  carefully 
studied  by  a  "Board  of  Experts,  authorized  by  Con- 
gress," and  we  liave  a  very  complete  history  of  its  geo- 
graphical extension,  and  of  the  deadly  results  which 
marked  its  course.  The  following  data  are  from  the 
report  of  this  "  Board  of  Experts. " 

Louisiana. — New  Orleans  mortality,  4,600;  Allemands 
Station,  17;  Baton  Rouge,  193;  Bayou  Cypre,  7;  Ber- 
wick City,  7;  Buras  Settlement,  3;  Clinton,  15;  Delhi, 
34;  Delta,  47;  Donaldson ville,  71;  Gretna,  53;  Ham- 
mond, 5;  Henderson,  18;  Houma,  6;  Jesuits  Bend,  2; 
Labadieville,  24;  La  Fourche,  36;  Lagonda  and  other 
plantations,  43;  Morgan  City,  100;  Napoleonville,  8; 
Paincourtville,  15;  Pattersonville,  47;  Pilot  Town,  17; 
Plaquemine,  135  ;  Ponchatoula,  3  ;  Port  Eads,  13 ;  Port 
Hudson,  11;  St.  Bernard  Parish,  7;  Tangipahoa,  50; 
Thibodeaux,  65;  Teche  Country  plantations,  81. 

T'ennessee. — Bartlett,  9;  Brownsville,  212;  Chattanoo- 
ga, 135 ;  CoUiersville,  56 ;  Germantown,  35 ;  Grand  Junc- 
tion, 74;  La  Grange,  37;  Martin,  40;  Mason,  24;  Mem- 
phis, 5,000;  Milan,  12;  Moscow,  35;  Nashville,  6  (all 
imported  cases) ;  Paris  and  suburbs,  23;  Somerville,  57; 
White  Station,  50 ;  Williston,  11. 

Alabama.— h&ceXxiV,  44;  Florence,  50;  Huntsville,  12; 
Leighton,  1;  Mobile,  90;  Stevenson,  6;  Town  Creek,  4; 
Tuscaloosa,  2 ;  Tuscumbia,  31. 

Mississippi.— Ba.j  St.  Louis,  83;  Benton,  1;  Bilosi,  45; 
Bolon,  34;  Bovina,  7;  Brown's  plantations,  4;  Canton, 
180;  Vicinity  of  Canton,  47;  Dry  Grove,  41;  Friar's 
Point,  7;  Gainsville,  3;  Goodrich  Landing,  13;  Green- 
ville, 301;  Grenada  and  vicinity,  343;  Horn  Lake,  3; 
Handsboro,  16 ;  Hernando,  80 ;  Holly  Springs,  309 ;  luka, 
3:  Jackson,  86;  Lake,  86;  Lebanon,  10;  Livingston,  10; 
McComb  City,  31;  Meridian,  91;  Mississippi  City,  15; 
Ocean  Springs,  30 ;  Osyka,  45;  Pass  Christian,  33;  Pearl- 
ington,  34;  Port  Gibson,  115;  Country  about  Port  Gib- 
son, 150;  Refuge  Landing,  11;  Rocky  Springs,  38. 
Soranton,  30;  Stoneville,  15;  Spring  Hill,  6;  Sulphur 
Springs,  5;  Senatobia,  7;  Terrene,  4;  Vicksburg,  873; 
Vicinity  of  Vicksburg,  300 ;  Water  Valley,  64 ;  Winona, 
3 ;  Winterville  and  vicinity,  36 ;  Yazoo  City,  9. 

Kentucky.— 'Bow\yag  Green,  19;  Hickman,  153;  Louis- 
ville, 64  (mostly  refugees). 

0/w'o.— Cincinnati,  17  (refugees) ;  Gallipolis,  18. 

Illinois. — Cairo,  51. 

Missouri.— St.  Louis,  16  (Quarantine  near  St.  Louis). 

In  1897  yellow  fever  again  prevailed  quite  extensively 
in  several  of  the  Southern  States.  The  epidemic  had  its 
origin  at  Ocean  Springs,  Miss.  Cases  occurred  in  43 
localities,  the  total  number  reported  having  been  4,325, 
with  a  mortality  of  484.  In  Mississippi  tlie  largest  num- 
ber of  cases  occurred  at  Biloxi,  Edwards,  Scranton,  and 
Ocean  Springs;  in  Alabama  the  principal  centres  of  m- 
fectlon  were  Mobile,  Montgomery,  Whistler,  and  Floura- 
ton;  in  Louisiana  New  Orleans  furnished  by  far  the 
greater  number  of  cases  (mortality  375). 
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Although,  in  the  light  of'  our  present  knowledge,  it 
would  appear  that  the  prevention  of  yellow  fever  should 
be  a  comparatively  easy  matter,  and  it  has  in  fact  been 
eradicated  from  the  city  of  Havana,  which  for  years  was 
one  of  its  principal  endemic  foci,  a  recent  (1893)  epidemic 
within  the  limits  of  the  United  States,  at  Laredo,  Texas, 
indicates  that  the  history  of  j'ellow  fever  in  this  country 
may  not  yet  be  completed.  There  can  he  no  doubt,  how- 
ever, that  the  extension  of  this  disease  could  be  absolute- 
ly arrested  if  all  infected  individuals  could  be  protected 
from  the  attacks  of  mosquitoes  of  the  species  (S.  fas- 
ciata)  which  serves  as  an  intermediate  host  for  the  para- 
site, or  if  all  the  infected  mosquitoes  could  be  promptly 

^     ■  Oeorge  M.  Sternberg. 

YELLOW  FEVER:  SYMPTOMATOLOGY,  MORBID 
ANATOMY,  TREATMENT.— Definition.— Yellow 
fever  is  a  communicable  disease,  traceable  to  populous 
centres  of  the  littoral  of  the  tropical  Atlantic,  and  trans- 
mitted from  man  to  man  by  the  bite  of  the  Stegomyia 
mosquito.  The  chief  features  of  the  disease  are :  (1)  a 
fever  of  from  two  to  seven  days'  duration,  characterized 
by  a  sudden  invasion  and  a  fastigium  of  from  one  to 
four  days'  duration,  followed  by  an  irregular  lysis  which 
may  be  interrupted  by  a  secondary  exacerbation ;  (2)  a 
steady  fall  of  the  pulse,  commencing  during  the  fastig- 
ium and  leading  to  a  remarkable  slowing  of  the  heai't 
beat;  (3)  vomiting;  (4)  jaundice;  (5)  albuminuria;  (6) 
a  tendency  to  stasis  of  the  circulation ;  and  (7)  to  hemor- 
rhages. The  lesions  consist  of  parenchymatous  degene- 
rations of  the  liver,  kidney,  and  stomach. 

Genekal  Dbsckiption. — During  the  early  hours  of 
the  morning  the  patient  awakes  with  a  slight  rigor,  and, 
on  moving,  experiences  vertigo  and  numbness  and  heavi- 
ness of  the  lower  extremities.  This  is  followed  by  nau- 
sea, and  in  some  instances  by  vomiting  of  the  remains  of 
the  last  meal;  the  temperature  rises  rapidly;  frontal 
headache,  rachialgia,  and  pains  in  the  limbs  develop,  and 
the  pulse  becomes  frequent.  The  face  assumes  an  in- 
jected, turgid  appearance;  the  eyes  are  red  and  moist. 
The  patient  looks  like  a  person  who 'has  indulged  in  an 
alcoholic  debauch.  During  the  day  the  fever  continues 
to  rise  and  the  patient  complains  further  of  discom- 
fort, pain  or  burning  in  the  epigastrium,  with  sensi- 
tiveness to  pressure.  The  temperature  rises  to  between 
103"  and  103°  F.  and  the  pulse  to  100  or  110.  After 
six  or  nine  in  the  evening  of  the  first  day  the  tem- 
perature usually  falls,  remitting  one  or  two  degrees 
on  the  morning  of  the  second  day.  After  the  initial 
elevation  of  the  temperature  the  course  of  the  disease 
may  vary  according  to  three  different  types:  the  de- 
scending or  mild  type,  the  continued  type,  and  the  re- 
mitting, complicated  or  secondary  fever  type.  The 
vaso-motor  erethism  will  begin  to  subside,  together  with 
the  painful  symptoms,  after  the  diurnal  elevation  of  tem- 
perature of  the  second  day,  and  it  is  replaced  either  by 
the  evidences  of  a  gradual  return  to  the  normal,  or  by 
the  signs  of  blood  stasis  with  hemorrhages  from  the 
nmcous  membranes,  or  with  the  syndrome  of  a  malignant 
icterus.  The  urine  becomes  albuminous  on  the  second  or 
third  day  of  the  disease.  The  mental  attitude  is  usually 
one  of  alertness.  Even  when  the  patient  is  delirious  the 
expression  of  the  face  is  apt  to  be  attentive,  though  the 
mind  be  utterly  confused  and  the  speech  wild.  In  some 
cases  there  is  somnolence.  The  pulse  begins  to  fall  on 
the  second  day,  and  continues  to  fall  even  though  the 
temperature  may  rise.  Recovery  is  usually  rapid  and 
sequelsB  are  rare.  Independently  of  the  course  of  the 
temperature  we  may  recognize  certain  types,  such  as  the 
uncomplicated,  the  hemorrhagic,  the  icteric,  the  ataxic 
and,  as  rarer  forms,  the  anuric,  the  dystolic,  and  the  ful- 
minating. The  various  combinations  of  these,  however 
are  of  too  frequent  occurrence  to  give  them  any  practi- 
cal value.  We  shall  find  it  of  greater  clinical  import  to 
study  the  symptoms  in  detail. 

Duration.— The  following  table  will  give  the  duration 
of  the  fever  in  375  carefully  recorded  cases : 


Duration. 

Re- 
covered. 

Died. 

Duration. 

Re- 
covered. 

Died. 

Two  days 

Three  days 

Four  days 

Five  days 

Six  days 

Seven  days 

Eight  days 

Nine  days 

2 
5 
7 
25 
39 
56 
27 
19 

0 

1 

4 

2 

16 

13 

7 

11 

Ten  days 

Eleven  days.. . . 
Twelve  days... 
Thirteen  days  . 
Fourteen  days. 
Fifteen  days. . . 
Twenty  days : 
Twenty-t  h  r  e  e 

13 
3 
6 
6 
2 
1 
0 

1 

4 
1 
0 

1 
1 
1 
1 

0 

From  the  above  table  it  will  be  seen  that  the  duration 
of  the  cases  that  end  in  recovery  is,  in  the  majority  of 
instances,  seven  days ;  and  that  fatal  cases  are  more  apt 
to  terminate  on  the  sixth  day.  Cases  of  more  than  ten 
days'  duration  are  comparatively  rare. 

Temperatwe. — In  the  classical  descriptions  of  yellow 
fever,  dating  from  the  period  before  the  thermometer 
came  into  gen- 


eral use,  we 
find  it  stated 
that  a  remis- 
sion, occurring 
about  the  third 
day  of  the  dis- 
ease, is  a  prom- 
inent feature 
of  the  thermic 
curve  of  yel- 
low fever. 
Some  authors 
speak  of  this 
disease  as  a  fe- 
ver of  two  par- 
oxysms sepa- 
rated by  the 
so-called  peri- 
od of  calm.  If 
we  disregard 
the  readings  of 
the  thermome- 
ter we   fre- 
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Fig.  5294.— Composite  Chart  of  Eighty  Cases  of 
Yellow  Fever,  all  Ending  Favorably  on  the 
Seventh  Day.    Temperature, ;  pulse, 
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quently  are  impressed  with  the  accuracy  of  this  descrip- 
tion. As  the  vascular  erethism  of  the  period  of  invasion 
subsides,  there  is  a  marked  change  in  the  appearance  of 
the  patient.  In  grave  cases  there  is  a  tendency  to  stasis; 
at  the  same 
time  internal 
hemorrhages 
may  be  setting 
in.  Hence  the 
extremities  be- 
come cold. 
Especially 
about  the 
wrists  we  ob- 
serve coolness 
of  the  surface 
with  or  with- 
out moisture. 
But  all  this 
does  not  coin- 
cide necessari- 
ly with  a  fall 
of  the  internal 
terhperature. 
In  yellow  fe- 
ver, as  in  other 
diseases  in 
which  definite 
lesions    of    an 

acute  character  set  in  during  the  first  week,  oscillations 
ot  the  temperature,  remissions,  secondary  fevers  occur 
with  more  or  less  frequency.  We  are,  therefore,  not 
surprised  to  find  that  temperature  charts  of  plague, 
scarlet  fever,  variola,  and  measles,  resemble  very  closely 
those  of  yellow  fever.    The  tropical  form  of  malaria,  in 


Fig.  5295.— Composite  Chart  of  Twenty  Cases  of 
Yellow  Fever,  all  Ending  Fatally  on  the  Sixth 
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Fig.  5296.— Descending  Type ; 
Recovery. 


its  primary  maDifestations,  also  frequently  resembles  the 
remitting  type  of  yellow  fever.  ^si-"iu.es  iiic 

I  have  decided  to  present  two  composite  charts  of  vel- 
low  fever.  Such  charts  are  usually  of  little  value  "be- 
cause the  averages  are  ob- 
tained from  cases  that  vary  as 
to  their  intensity,  their  dura- 
tion, and  their  termination. 
Butwith  the  large  material  at 
my  disposal,  I  have  been  able  to 
present  two  groups  of  the  most 
common  class  of  cases,  namely, 
the  cases  terminating  favorably 
on  the  seventh  day,  or  morning 
of  tlie  eighth,  and  those  termi- 
nating fatally  on  the  sixth  day 
(see  Figs.  5394  and  5295). 

As  stated  in  tlie  general  de- 
scription of  the  disease  three 
types  of  thermic  cui-ve  are 
found  in  yellow  fever: 

1st.  The  Descending  Type. — 
It  is  usually  mild.  It  is  de- 
scribed by  Pinlay  under  the 
name  of  abortive  type.  It 
represents  the  inflammatory 
fever  and  the  acclimating  fever 
of  Creole  physicians.  The  tem- 
perature reaches  its  acme  on 
the  evening  of  the  first  or  sec- 
ond day,  and  descends  in  two, 
three,  or  four  days  through  a 
down-grade  series  of  oscillations.  Occasionally  such 
cases  may  end  fatally  on  the  third  or  fourth  day  with- 
out a  secondary  rise  (see  Pigs  5296  and  5397). 

Remitting  Tot*-— Usually  severe.  Many  of  the  fatal 
cases  present  a  secondary  rise  of  the  temperature  which 
generally  follows  a  depression  caused  by  hemorrhage. 
The  persistency  of  the  hemorrhage  may  cause  a  second 
depression  followed  by  a  third  rise  of  the  temperature. 
Many  cases  of  the  remitting  type  end  in  recovery,  and 
some  may  be  quite  mild  (see  Pig.  5398). 

It  will  be  observed  in  Fig.  5399  that  the  remission  oc- 
curs during  the  first  night  of  the  disease.  This  case  is 
one  of  the  experimental  cases 
inoculated  by  mosquitoes  at  Las 
Animas  Hospital  in  Havana. 
This  early  remission  is  certainly 
not  the  remission  referred  to  in 
the  classical  descriptions  of  the 
disease.  Other  observers  have 
not  had  the  opportunity  given 
us  by  the  experimental  cases  to 
study  the  development  of  the  fe- 
yer  during  the  first  twenty-four 
iours.  Now,  this  early  remis- 
sion, heretofore  undescribed,  oc- 
curs in  quite  a  number  of  cases, 
and  is,  to  me,  a  more  striking 
phenomenon  than  the  later  re- 
mission so  much  insisted  upon 
by  many  authorities  (see  Pig. 
5399). 

Continued  Type. — Usually  fa- 
tal.    The  temperature  need  not 
be   very  high,  but   it  is  main- 
tained at  the  same  level  for  sev- 
eral days  with  very  small  oscil- 
lations.    The   black  vomit  will 
appear  late  in  the  disease,  when 
Typefprtel'onTheTWrf   the   fall   of   the   temperature  is 
Day.       Suppression     of   well  established,  showing  the  re- 
urine,    uraemia    on    the   lation   that  exists  between   the 
^^tu^Ulm."         two  symptoms.     These  cases  are 
apt  to  terminate   with   uraemic 
convulsions,  the  amount  of  urine  being  large  and  of  low 
specific   gravity.     The   patients   are   restless  (see  Fig, 
5302). 


130 


120 


110 


100 


90 


103 


102 


101 


100 


NORMAL 

80 


60 


50 


97 


95 


i 


Fig.   5298. 
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covery. 


Re- 


_  1  he  diurnal  oscillations  of  the  temperature  varv  con- 
siderably, conforming  in  general  with  the  normal  type- 
the  minimum  is  reached  about  6  a.m.,  and  the  maximum 
tietween  3  and  6  p.m.     A  rapid  rise  or  fall  may  present 
Itself  at  irregular  hours, 
but  a  regular  typhus  in- 
versus is  rarely  rnet  with. 
The    Pulse.  —  In     the 
stage    of    invasion,    and 
during  the  first  and,  per- 
haps, the  second  day  of 
the  disease,   the  pulse  is 
similar    to  that  of  other 
acute  febrile  diseases.     It 
is    large,   bounding,    and 
frequent  in  proportion  to 
the  elevation  of  the  tem- 
perature.    But  during  the 
second   or  third  day  the 
frequency    of    the    pulse 
diminishes,  and  may  con- 
tinue to   drop- until  very 
slow  readings  are  reached 
at  the  time  of  the  defer- 
vescence.    The  fall  of  the 
pulse  does  not  follow  upon 
a  corresponding  fall  of  the 
temperature.     The  body 
heat,  in  fact,  may  rise  or 
may  continue  at  the  same 
level  while  the  pulse  is 
falhng.      This    deviation 
from  the  usual  correlation 
between  the  temperature 
and  the  pulse  constitutes 
one  of  the  most  characteristic  features  of  the  disease. 
The  temperature  and  pulse  charts  that  have  been  se- 
lected for  this  paper  illustrate  the  point  in  question. 
Even  when  the  general  trend  of  the  pulse  line  does  not 
conform  with  the  type  I  am  describing,  it  will  be  no- 
ticed that  at  some  time  in  the  course  of  tlie  disease,  be  it 
only  for  a  few  hours,  a  falling  pulse  will  coincide  with  a 
rising  temperature.     It  is  quite  rare  to  find  a  chart  of 
yellow  fever  in  which  at  least  an  occasional  manifes- 
tation of  this  phenomenon 
does  not  show  itself. 

The  pulse  on  the  first 
day  will  rise  to  about  110. 
In  the  descending  type  of 
temperature  the  pulse  will 
rapidly  fall  and  may  reach 
45  or  50  with  the  defer- 
vescence. If  there  be  a 
secondary  rise  of  the  tem- 
perature the  pulse  may  be 
but  slightly,  or  not  at  all, 
affected  by  it.  In  fatal 
cases,  however,  the  pulse 
will  become  frequent  in 
the  last  stages  of  the  dis- 
ease, and  it  is  quite  com- 
mon to  find  under  these 
circumstances  a  gradual 
or  sudden  fall  of  tlie  tem- 
perature with  a  progress- 
ive elevation  of  the  pulse 
— a  symptom  of  very 
grave  import. 

The  relatively  slow 
heart  beat  in  complicated 
cases,  during  the  second- 
ary rise  of  the  tempera- 
ture, may  be  deceptive  to 
the  inexperienced.  He 
who  has  watched  with  ap- 
prehension the  steady  increase  in  frequency  of  the  pulse 
in  grave  cases  of  pneumonia,  typhoid,  or  the  eruptive 
fevers,  can  scarcely  suspect  the  signs  of  approaching 
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Fig.  5299.— Remitting  Type;    Re- 
covery.   Experimental  case. 


723 


Tfellowr  Fever. 
Ifellow  Fever. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


130 


130 


110 


100 


90 


TO 


60 


103 


101 


97 


y\ 


Fig.  5300.— Hemitting  Type 
Fatal.    Anuria,  Jaundice. 


dissolution  in  a  patient  whose  pulse  is  beating  regularly 
and  with  fair  volume  at  the  rate  of  70  per  minute.     There 
will  be,  however,  a  diminution  of  the  blood  pressure  in 
such  cases,  with  some  coldness  of  the  extremities,  a  cya- 
notic hue  about  the  lips  or  of 
,  the  whole  surface  of  the  body, 
and  a  sighing  respiration,  that 
should  arouse  our  fears. 
I      The  slow   pulse  may  show 
considerable  tension,  specially 
in  cases  in  which  the  icterus  is 
well    marked.     The    frequent 
pulse  of  the  last  stages  in  fa- 
tal cases  does  not  differ  from 
i  the  preagonic  pulse  we  find  in 
'  other  diseases. 

The  Fades. — The  face  is  de- 
cidedly flushed,  suffused  with 
red  of  the  same  hue  as  that  of 
scarlet  fever.  The  eyes  are  in- 
jected and  bright.  There  is  a 
slight  tumefaction  of  the  lids 
:  and  the  lips.  Even  on  the  first 
,  day  we  may  notice  already  in 
connection  with  this  injection 
«■  of  the  superficial  capillaries  a 
fleeting  shade  of  yellow.  This 
early  manifestation  of  jaundice 
is  undoubtedly  the  most  char- 
acteristic feature  of  the  facies 
of  yellow  fever.  There  is  really 
no  distinct  jaundice.  In  the 
classical  descriptions  of  the  disease  jaundice  is  not  men- 
tioned until  the  third  day  of  the  fever;  but  I  hold  that 
even  at  the  earlier  date  we  can  detect  a  slight  yellow 
tinge  masked  by  the  peripheral  hypereemia.  Transient 
contractions  of  the  capillaries  will  bring  out  this  discol- 
oration, for  instance,  in  the  imprints  of  the  fingers 
when  we  pick  up  a  fold  of  the  skin,  or  in  the  coiljunc- 
tivEe  with  the  varying  movements  of  the  eyes.     Often 

more  distinctly  at  a 
distance  than  upon 
close  inspection  we 
notice  a  faint  yel- 
low glimmer  pass 
over  the  eye.  The 
same  is  true  of  the 
face,  as  may  be  seen , 
when  the  facial 
muscles  contract  in 
speaking  or  smil- 
ing, and  the  redness 
transiently  pales. 
Later  in  the  disease, 
about  the  third  day, 
these  waves  of  color 
may  become  quite 
decided.  The  red- 
ness begins  now, 
specially  in  severe 
cases,  to  assume  a 
purplish  hue;  the 
jaundice  becomes 
more  pronounced, 
and  the  contrast  be- 
tween the  two  col- 
ors is  sharper. 

The  features 
above  described 
are,  of  course,  more 
striking  in  the  fair 
Northern  races.  It 
is  only  in  connec- 
tion with  the  dark- 

^  ^,      .       .     .  er    I'aces    that    we 

may  accept  the  descriptive  simile  made  by  those  who 
hken  the  color  of  the  skin  in  yellow  fever  to  that  of 
mahogany. 
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Fig.  5-301.— Remitting,  Irregular  Type- 
Fatal.  Albumin  in  the  urine  on  the 
morning  of  second  day.  Gastric  hemor- 
rhage begins  with  the  drop  of  the  tem- 
perature on  the  evening  of  the  second 
day,  and  continues  abundantly  to  the 
end.  Urine  scanty,  loaded  with'albumin 
T., ;  P ;  E..  —  •  —  .  _ 


The  mental  attitude  and  the  subjective  symptoms  have 
their  natural  influence  upon  the  facial  expression.  Dur- 
ing the  first  day  the  eyes  are  frequently  closed  on  ac- 
count of  the  photophobia,  and  the  expression  of  the  face 
is  that  of  pain  from  the  cephalalgia  and  rachialgia. 
Later  on,  there  may  be  somnolence,  from  which,  however, 
the  patient  is  easily  aroused ;  but  more  frequently  the 
expression  is  bright  and  alert,  whether  the  mind  be  clear 
or  not. 

The  mind  is  always  clear  in  mild  cases,  and  frequently 
also  in  the  graver  and  fatal  cases  even  to  the  last  day. 
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FIG.  5302.— Continued  Type ;  Fatal.    Black  vomit  begins  at  7  p.m.  on 
the  seventh  day,  and  is  never  profuse.    Convulsions. 

The  excitement,  the  panic,  that  prevails  in  cities  invaded 
by  the  epidemic,  reflects  upon  the  minds  of  the  patients 
in  the  Southern  States  of  the  American  Union.  They 
are  alert,  watchful,  suspicious  as  to  the  nature  of  their 
disease.  They  are  apt  to  be  nervous  and  excited.  The 
Spaniard  in  Cuba  who  takes,  or  rather  used  to  take,  the 
disease  as  a  matter  of  course  Is  more  calm  or  indifferent. 
All  patients  are  apt  to  be  rather  talkative,  and  the  dry 
mouth,  the  rather  precipitate  speech,  reminiscent  in 
character,  are  peculiar,  and  may  be  premonitory  of  a 


FIG.  5303.-Contluued  Type ;  Fatal.  Black  vomit  once,  at  2  p.m.  of 
the  sixth  day  Delirium.  Convulsions.  Urine  of  the  sixth  day 
1,180  c.c.  with  a  specine  gravity  of  1.010.  Albumin  appears  on 
the  second  day  and  is  never  abundant. 

rather  active  delirium.  If  there  be  stupor  it  may  be 
somnolent  or  wakeful,  and  accompanied  with  a  staring 
expression.    The  delirium  is  talkative,  and  may  be  gay 
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or  f  ui'ious,  generally  dominated  by  some  iaxed  idea ;  a 
notion  that  tliere  is  some  urgent  reason  for  the  patient  to 
leave  his  bed  and  quarters.  His  attempts  to  do  so  are, 
however,  generally  aimless,  and  limited  to  tossing  about 
and  sitting  up  in  bed.  It  is  very  seldom  that  any  re- 
straint becomes  necessary.  Quite  often  there  is,  after  the 
partial  or  complete  loss  of  consciousness,  a  persistent  and 
loud  moaning  which  may  be  kept  up  during  one  or  two 
days  before  death.  Some  cases  of  long  duration  present 
all  the  features  of  the  typhoid  state.  Finally,  we  may 
have  profound  coma  or  convulsions. 

Psychical  disturbances,  usually  transient,  may  show 
themselves  during  the  convalescence.  I  think  they  are 
less  common  tlian  in  typhoid  fever  and  intluenza. 

Pains. — The  supra- and  intraorbital  pains  are  perhaps 
the  most  distressing  and  persistent.  They  often  disap- 
pear after  the  invasion,  to  recur  with  secondary  eleva- 
tions of  the  temperature  or  as  a  uremic  manifestation. 
The  pains  in  the  back  and  limbs  may  also  be  very 
distressing,  and  may  even  cause  the  patient  to  cry  out  in 
anguish.  I  have  met  with  such  severe  aching  only  in 
cases  of  smallpox.  In  light  attacks,  however,  the  pains 
may  cause  little  or  no  distress.  Occasionally  there  are 
marked  liyperaesthesia  of  the  skin  and  deep-seated  ten- 
derness of  the  muscles.  During  convalescence  it  is  not 
very  rare  to  meet  with  painful  neuritis,  specially  of  the 
lower  extremities.  It  usually  affects  one  leg  more  than 
the  other,  and  is  accompanied  with  partesthesia  and  very 
slight  paresis.  In  my  experience  there  has  been  only  one 
case  of  serious  peripheral  palsy  with  atrophy,  lasting  sev- 
eral montlis  and  ending  in  recovery.  Articular  pains 
are  rare.  They  are  probably  due  to  secondary  infections, 
and  may  be  accompanied  with  slight  swelling  of  the 
joint. 

The  Sto'ra.— After  the  first  or  second  day  the  skin  is  a,pt 
to  be  moist,  or  at  least  the  perspiration  can  be  readily 
brought  out  by  warm  covering,  or  hot  drinks,  or  other 
■diaphoretics.  Even  during  the  first  two  or  three  days  a 
slight  moisture  may  alternate  with  a  dry  burning  skin. 
"When  there  is  a  marked  jemission  it  may  be  accompanied 
with  a  profuse  perspiration,  whether  the  defervescence 
be  final  or  not ;  so  that  an  active  skin  cannot  bo  looked 
upon  as  a  favorable  sign  or  the  indication  of  a  critical 
■discharge.  A  moist,  clammy,  cyanotic  skin  is  frequent- 
ly met  with  in  grave  cases  after  the  third  or  fourth  day 
■of  the  disease. 

Odor.— ThasG  perspiring  patients  are  frequently  malo- 
dorous, especially  when,  as  is  not  rarely  the  case,  a  forced 
diaplioretic  treatment  is  insisted  upon;  but  I  have  never 
been  able  to  detect  in  yellow  fever  an  odor  that  may  be 

-Pfl.llp(i  STIGCIIIC 

Rasli;  Eruptions.— The  redness  of  the  skin,  previously 
described,  is  usually  most  marked  about  the  face  and 
neck,  but  it  may  be  circumscribed  in  patches  like  •  an 
irregular  scarlatina,  an  erythema,  or  the  eruption  ot 
dengue  Rarely,  faint  irregular  blotches  may  be  seen, 
resembling  the  initial  rash  of  variola.  Occasionally  we 
meet  with  sudamina,  and  very  rarely  with  discrete  pust- 
ular eruptions.  An  erythema  and  excoriations  of  the 
scrotum  have  been  described  by  some  authors,  but  1 
believe  them  to  be  exceptional  and  connected  with 
chronic  affections  of  the  skin  in  these  regions. 

Gangrene  is  an  extremely  rare  complication  ot  the  later 
stages,  or  of  the  period  of  convalescence,  of  yellow  fever. 
I  have  seen  once  gangrene  of  one  leg  as  the  result  ot  a 
secondary  endocarditis.  Other  forms  of  localized  gan- 
grene about  the  scrotum  or  about  the  mouth  are  prob- 
.ably  connected  with  neglect  in  the  management  ot  the 

diSG3iSG  '  • 

Suppuration  is,  I  believe,  less  frequently  met  with  m 
yellow  fever  than  in  any  other  infectious  disease.  Ab- 
scess of  the  liver,  suppuration  of  the  parotids,  deep- 
seated  muscular  abscesses  are  mentioned  m  the  litera- 
ture but  I  have  never  encountered  such  coraphcations., 
It  is  probable,  therefore,  that  the  secondary  infections 
evidences  of  which  appear  to  exist  m  the  clinical 
history,  are  not  caused  by  pyogenic  raicro-organisms.i 
Iiave  suggested  that  the  Shiga  bacillus,  a  member  of  the 


hemorrhagic  group,  maybe  responsible  for  the  secondary 
infections. 

Digestive  Apparatus. — The  lips  may  be  red  and  slightly 
swollen.  In  the  later  stages  ot  the  disease  they  will  be 
purplish  in  severe  cases.  Herpes labialis  is  not  common. 
The  gums,  specially  of  the  upper  jaw,  are  usually  some- 
what swollen  on  the  second  or  third  day,  and  covered 
with  a  thin  creamy  coating  which  is  apt  to  form  a  faint 
line  upon  the  gum  at  some  little  distance  from  the  neck 
of  the  tooth.  Later  on,  the  gums  are  almost  always 
spongy,  and  inclined  to  bleed,  either  spontaneously  or 
upon  pressure. 

The  tongue  presents  no  symptom  of  interest.  It  car- 
ries no  special  coating,  and  may  be  somewhat  pointed 
and  red  ab(mt  the  edges.  In  hemorrhagic  cases  when 
tlie  hffimophilic  symptoms  have  shown  themselves,  the 
tongue  is  usually  pointed,  smooth,  crimson,  and  moist; 
it  may  also  present  bleeding  cracks  upon  the  surface. 
At  the  same  time  the  mucous  membrane  of  the  mouth 
and  fauces  will  show  a  similar  appearance. 

Exceptionally  the  parotids  are  the  seat  of  swelling  in 
the  initial  stage  of  the  disease.  This  is  probably  due  to 
inflammatoiy  a^dema.  The  tumor  is  rather  soft,  and  dis- 
appears before  the  end  of  the  attack.  I  have  never  seen 
suppuration  of  these  glands. 

The  Stomach.— Yomiting  is  by  no  means  a  constant 
symptom  in  yellow  fever.  As  an  initial  symptom  I  be- 
lieve it  to  be  more  common  in  variola  and  scarlatina.  At 
this  stage  it  is  merely  vomiting  of  portions  of  food  still 
remaining  in  the  stomach,  and  occurs  but  once,  at  the 
beginning  of  the  attack.  Persistent  vomiting  is  a  grave 
symptom ;  it  may  continue  upon  the  initial  manifestation, 
or,  more  frequently,  it  will  begin  on  the  second  or  third 
day.  As  a  rule  the  vomiting  will  cease  if  the  stomach 
be  given  absolute  rest.  The  vomitus,  if  we  exclude  the 
initial  emptying  of  the  stomach,  consists  of  a  watery, 
somewhat  opalescent  material,  containing  variable  quan- 
tities of  mucus.  Later  in  the  course  of  the  disease,  if  the 
vomiting  should  persist,  it  is  apt  to  become  hemorrhagic, 
as  will  be  shown  at  first  by  the  presence  of  minute  brown- 
ish and  black  specks  floating  on  the  surface;  then  the 
specks  increase  in  size  and  number,  the  liquid  becomes 
darker,  until  we  have  the  characteristic  black  vomit.  In 
these  severe  cases,  in  the  intervals— which  may  be  long  or 
shorii— between  the  acts  of  vomiting,  the  patient  is  usu- 
ally tormented  with  constant  nausea,  or  distress  and 
burning  at  the  epigastrium,  or  hiccough,  and  a  sensation 
of  rawness  and  burning  along  the  oesophagus.  Black 
vomit  may  be  absent  in  severe  and  even  fatal  cases,  but 
then  the  black  fluid  will  almost  certainly  be  found  in  the 
stomach  at  the  autopsy. 

Vomiting  is  frequently  absent  in  mild  cases  unless  pro- 
voked by  medication;  but  epigastric  tenderness  upon 
pressure  is  rarelv  absent.  We  should  note  also  epigastric 
pulsation  as  a  frequent  symptom.  v,    ,    .^l. 

The  bowels  are  usually  sluggish,  but  amenable  to  the 
action  of  cathartics.  The  stools  are  often  normal;  they 
are  not  clay-colored,  but  in  hemorrhagic  cases  they  are 
frequently  dark,  tarrv,  or  bloody.  . 

T?ie  Xirar.— Jaundice.— The  liver  is  not  appreciably 
enlarged,  but  may  be  sensitive  to  pressure.  _  The  lesions 
that  will  be  described  in  connection  with  this  organ  are, 
in  part,  sufficient  to  account  for  the  jaundice  on  the 
g-enerally  accepted  theory  of  a  hepatogenous  origin  the 
freas  of  swollen,  necrotic,  dislocated  hepatic  cells;  the 
round-cell  infiltration  of  the  perilobular  zone  could  evi- 
dently, and  no  doubt  they  do,  give  rise  to  obstructions  m 
the  canalicular  system ;  but  the  liver  cells  do  notseem  to 
be  verv  active  in  the  transformation  of  blood  into  bile 
nisment;  they  do  not  themselves  become  overcharged 
with  pigment  as  is  usually  the  case  in  obstructive  ]a,un- 
dice  In  yellow  fever  the  liver  seems  to  be  comparative- 
ly less  jaundiced  than  are  o^'er  organs  and  tissues  the 
excess  if  haemoglobin  in  the  blood  would  lend  support 
to  the  opinion  that  we  have  here  to  do  with  a  fo™  of 
polychromic  icterus,  but  the  liver  cells  are  so  genera  y 
di°sorganized  that  one  cannot  readily  accept  thej  ability 
to  elaborate  and  transform  the  excess  of  blood  pigment. 

725 


ITellovp  Fever, 
Yellour  Fever. 


KEFERENCB  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Here,  more  so  than  in  connection  with  any  other  dis- 
ease, it  seems  to  me  that  the  clinician  should  be  loath  to 
give  up  altogether  argument  in  favor  of  a  haematogenous 
jaundice,  or  at  least  in  support  of  the  view  that  some- 
thing else  than  bilirubin  may  give  rise  to  the  yellow  dis- 
coloration. 

Jaundice  is  seldom,  if  ever,  absent  in  yellow  fever.  It 
may  be  very  slight,  perhaps  disputed,  in  some  mild  cases. 
Also  in  the  rapidly  fatal  cases  it  may  not  show  itself  until 
after  death.  The  dead  body  is  always  yellow  in  this 
disease. 

When  speaking  of  the  fades  I  have  mentioned  a  slight 
yellow  discoloration  among  the  initial  symptoms  of  the 
disease.  I  believe  it  may  be  observed  sometimes  before 
the  actual  invasion.  This  symptom  is  first  noticeable  in 
the  sclerotics.  Now  it  is  here  also  that  the  distinct  jaun- 
dice of  the  third  or  fourth  day  of  the  disease  first  shows 
itself.  It  may  be  limited  to  this  region,  or  more  fre- 
quently it  extends,  growing  in  depth,  and  invading  the 
regions  that  were  most  intensely  flushed  during  the  initial 
hyperaemia,  until  the  whole  body  may  become  safEron- 
colored.  Usually  the  jaundice  is  not  so  intense  as  it  is 
in  cases  of  obstructive  icterus,  or  in  Weil's  disease;  the 
color  does  not  tend  to  assume  a  greenish  hue,  but  is 
rather  modified  by  the  concomitant,  more  or  less  dusky, 
red,  or  purplish  hypersemia.  The  jaundice  increases 
during  two,  three,  or  four  days,  and  then  disappears 
rather  rapidly,  leaving  usually  no  traces  by  the  end  of 
convalescence.  The  intensity  of  the  jaundice  is  not  of 
itself  a  symptom  of  grave  import,  especially  if  it  be  not 
accompanied  by  a  marked  hemorrhagic  tendency ;  but 
the  early  manifestation  of  the  symptom,  a  well-developed 
jaundice,  for  instance,  on  the  second  day,  indicates  a 
fatal  termination. 

Tli6  f7n?!«.— Quantity  and  Specific  Gravity.— The 
daily  averages  for  cases  of  seven  days'  duration,  all  end- 
ing in  recovery,  are  given  in  the  following  table : 


Day. 

Quantity. 
Co. 

Specific 
gravity. 

Day. 

Quantity. 
C.c. 

Specific 
gravity. 

First  

Second 

Third 

820 

991 

1,084 

1.020 
1.017 
1.018 

Fourth 

Fi'fth 

Sixth 

1,206 
826 
850 

1.018 
1.019 
1.017 

The  daily  averages  for  fatal  cases  of  six  or  seven  days' 
duration  are  represented  in  the  following  table : 


Day. 

Quantity. 
C.c. 

Specific 
gravity. 

Day. 

Quantity. 
C.c. 

Specific 
gravity. 

First 

Second 

Third 

775 

809 

1,113 

1.032 
1.018 
1.01.5 

Fourth 

Filth 

1,220 
892 

1.013 
1.013 

In  the  last  two  days  the  urine  is  frequently  lost.  The 
specific  gravity  is  usually  low,  and  the  amount  is  reduced 
even  to  absolute  anuria ;  though  the  cases  are  by  no  means 
rare  in  which  the  quantity  and  density  of  the  urine  arc 
not  seriously  disturbed. 

In  all  cases,  mild  or  grave,  the  amounts  of  urea  and  of 
the  chlorides  gradually  diminish  during  the  fever 

Albumin.— The  presence  of  albumin  in  the  urint;  con- 
stitutes one  of  the  chief  characteristics  of  this  disease 
It  we  divide  the  cases  of  about  one  week's  duration  in 
two  groups,  those  ending  in  recovery,  and  tliose  ending 
tatally,  we  shall  obtain  the  following  instructive  table- 


Albumin  appears 

Recovered, 
per  cent. 

Fatal, 
per  cent. 

On  the  first  day  in 

2 

44 
29 
14 

8 

33 
33 
33 

On  the  second  day  in 

On  the  third  day  in 

On  the  fourth  day  in 

On  the  fifth  day  in 

On  the  seventh  day  in 

In  the  large  series  of  cases  that  constitute  the  basis  of 
this  article,  albumin  was  found  in  all.  It  is  true  that 
some,  that  were  perhaps  cases  of  yellow  fever,  may  have 
been  excluded  precisely  because  of  the  absence  of  this 
symptom;  but,  if  accepted,  they  would  have  been  at 
best  but  doubtful  cases.  In  none  of  the  infectious  dis- 
eases is  albuminuria  so  frequent  a  symptom.  I  must 
admit,  however,  that  the  careful  examination  made  of 
the  urine  in  all  kinds  of  fevers  has  shown  that  this  symp- 
tom is  met  with — more  frequently  than  is  generally  be- 
lieved— in  influenza,  typhoid,  and  malaria.  In  these 
diseases,  however,  unless  the  infection  be  severe,  the 
amount  of  albumin  is  less,  or  the  date  of  its  appearance 
later,  than  in  yellow  fever. 

Urobilin  is  frequently  found  in  the  urine,  and  bile  pig- 
ments in  the  cases  in  which  jaundice  is  a  prominent 
symptom.  An  abundance  of  the  latter  is  looked  upon 
by  some  as  a  favorable  sign.  Azevedoand  Couto  report 
that  they  often  obtain  crystals  of  leucin. 

Haematuria  is  rare,  and  hsemoglobinuria  I  have  never 
met  with  in  uncomplicated  cases. 

Albertini  has  shown,  and  I  have  confirmed,  that  the 
diazo  reaction  is  not  obtained  in  yellow  fever.  Its  pres- 
ence may  be  looked  upon  as  very  strong  evidence  against 
this  disease. 

Casts  are  found  in  all  but  the  very  mild  cases  of  yel- 
low fever.  They  may  be  hyaline,  granular,  or  epithelial. 
Sometimes  they  are  found  in  great  numbers,  and  one 
cannot  help  being  amazed  at  the  rapidity  of  their  disap- 
pearance, together  with  the  albumin,  during  the  conval- 
escence, or  even  before  the  fever  has  entirely  subsided. 
A  chronic  form  of  parenchymatous  nephritis,  following 
upon  yellow  fever,  is  to  be  counted  among  the  rarest  of 
sequelae. 

Retention  of  urine  is  not  rare,  but  in  my  experience 
complete  suppression  is  an  uncommon  and  almost  always 
a  fatal  complication. 

Respiration.  —The  breathing  is  not  accelerated  except 
moderately  during  the  last  twenty -four  hours  in  fatal 
cases.  Frequent  sighing  and  hiccough  are  rarely  absent 
in  the  grave  cases. 

Tlie  Blood. —The  maintenance  of  a  high  percentage  of 
haemoglobin  during  the  first  three  or  four  days  of  the 
disease  was  first  discovered  by  Finlay.  Albertini  has 
made  a  clinical  application  of  this  fact,  and  we  have 
found  in  a  large  number  of  cases  values  ranging  between 
90  and  105.  The  specific  gravity  of  the  blood  is  not  cor- 
respondingly high.  It  varies,  in  fact,  between  1,040  and 
1,060.  In  3a  cases  of  yellow  fever  examined  with  this 
point  in  view,  the  percentage  of  haemoglobin  has  been 
found  below  90  in  3 ;  70,  75,  and  82  respectively.  In 
other  diseases,  such  as  typhoid  and  especially  malaria, 
the  readings  are  almost  invariably  low.  We  consider 
this  sign  to  be  of  distinct  diagnostic  value. 

The  number  of  red  blood  cells  is  not  diminished.  This 
fact,  first  observed  by  Finlay  and  Delgado,  has  been  more 
recently  confirmed  by  myself  and  bv  Azevedo  and  Couto. 
The  increase  in  the  number  of  erythrocytes  and  in  the 
amount  of  haemoglobin  may  persist  untilthe  fifth  day  of 
the  disease.  The  red  cells  show  no  change  morphologi- 
cally or  in  their  color  reaction.  The  number  of  blood 
plaquettes  is  increased. 

_  Leucocytes.— In  yellow  fever  we  have  hypoleucocyto- 
sis  without  any  characteiistic  variation  from  the  normal  re- 
lations of  the  several  kinds  of  leucocytes.  The  hypoleu- 
cocytosis  gradually  disappears  during  convalescence,  and 
IS  followed  by  some  augmentation  of  the  number.  There 
may  be  hyperleucocytosis  during  the  preagonic  period. 

The  relative  proportion  of  the  different  kinds  of  leuco- 
cytes I  have  found  to  vary  as  follows:  Poh'morphonu- 
clear  trom  60.50  to  79.50  per  cent. ;  lymphocytes  from 
14.10  to  36.40  per  cent;  transition  forms  from  1.50  to  3 
per  cent. ;  large  mononuclear  from  1.78  to  9.50  per  cent 
There  is  usually  some  increase  of  the  mononuclears, 
but  the  readmgs  are  not  so  high  as  in  malaria.  The  dif- 
ference, as  suggested  by  Gray,  may  be  given  some  weight 
in  the  diagnosis,  in  the  case  of  this  disease.  Eosinophiles. 
are  seldom  found. 
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Hemorrhages.— Out  of  277  carefully  recorded  cases, 
128  presented  liomorrhage  as  a  noticeable  symptom. 
Probably  among  the  remaining  155  there  were  many  with 
spongy  gums  that  could  be  made  to  bleed  slightly  upon 
pressure.  Of  the  non-hemorrhagic  cases  148  patients 
recovered  aud  7  died ;  of  the  hemorrhagic  66  recovered 
and  56  died.  The  fatal  cases  had,  with  few  exceptions, 
gastrorrhagia ;  most  of  tliem  had  at  the  same  time  other 
forms  of  hemorrhage.  Of  the  patients  that  recovered  27 
had  black  vomit.  In  most  of  these,  however,  the  symp- 
tom was  not  pronounced ;  that  is,  the  vomitus  contained 
only  more  or  less  numerous  specks  of  altered  blood. 

The  character  of  the  black  vomit  varies  from  the  fluid 
just  described,  or  one  containing  brownish  flakes  or 
striae  of  a  bright  red  color,  to  a  black  syrupy  fluid.  The 
amount  varies  considerably.  Sometimes  large  quantities 
are  repeatedly  ejected  with  force  to  a  considerable  dis- 
tance. In  fifty-two  per  cent,  of  the  cases  the  first  mani- 
festations of  black  vomit  present  themselves  about  the 
fourth  and  fifth  days.  I  have  seen  it  as  earl}"-  as  the  sec- 
ond and  as  late  as  the  eleventh  day.  There  can  be  no 
doubt  as  to  the  nature  of  the  dark  fluid  under  consider- 
ratlon.  The  microscopic,  chemical,  and  spectroscopic 
investigations  show  the  presence  of  variable  quantities 
of  altered  blood. 

Bleeding  of  the  gums  and  nosebleed  are  the  most  com- 
mon forms  of  hemorrhage  in  yellow  fever.  Black  vomit 
follows  in  frequency ;  but  we  should  not  forget  that  it  is 
not  always  an  evidence  of  gastrorrhagia,  since  the  blood 
may  have  been  swallowed  from  the  mouth  or  nasal  cavi- 
ties. Melfena  frequently  occurs  as  a  result  of  the  hemor- 
rhages above  described,  or  from  enterorrhagia. 

Bleeding  from  the  uterus  and  rectum,  petechise,  cuta- 
neous hemorrhages  are  all  quite  frequent.  Minute 
hemorrhages  and  more  or  less  extensive  ecchymoses  are 
found  in  the  internal  organs  post  mortem. 

As  an  explanation  of  these  hemorrhages  I  have  sug- 
gested the  possibility  of  secondary  infections  with  ))ac- 
.  teria  of  the  hemorrhagic  group.  I  have  once  had  the 
opportunity  of  testing  the  blood  serum  of  a  hemorrhagic 
case  with  a  culture  of  the  Shiga  bacillus,  and  I  found  a 
positive  agglutination  with  dilutions  of  1  to  50.  It  is 
well  known  that  the  blood  of  yellow-fever  patients  will 
agglutinate  at  times  the  Zanarelli  bacillus,  and  that  the 
latter  may  be  found  in  the  tissues. 

The  hemorrhages  usually  occur  with  a  falling  temper- 
ature, and  it  does  not  seem  quite  clear  that  the  fall  is  a 
consequence  of  the  loss  of  blood.  I  rather  incline  to  the 
view  that  both  phenomena  have  a  common  cause. 

Complications.— If.  we  exclude  the  accidents  that  may 
occur  in  the  course  of  the  disease,  and  that  have  been 
already  described,  we  may  say  that  complications  are 
quite  rare.  Pulmonary  and  cardiac  inflammations  are 
very  infrequent.  The'  authors  of  the  excellent  mono- 
graph in  Nothnagel's  "Specielle  Pathologle,"  Azevedo 
and  Couto,  believe  that  endocarditis  is  a  common  compli- 
cation, but  such  lias  not  been  my  experience,  nor  that  of 
American  and  Cuban  observers. 

Malaria  is  not  a  very  rare  complication.  Its  symptoms 
usually  remain  in  abeyance  for  three  or  four  days,  aud 
then  resume  their  periodic  character.  The  complication 
is  a  serious  one,  but  by  no  means  necessarily  fatal. 

Relapses.—Rti\a,\)%G%  are  very  rare.  Accidents  may  oc- 
cur in  the  course  of  a  slow  defervescence,  giving  rise  to 
renewed  fever;  but  a  second  attack,  interrupting  the 
course  of  convalescence,  I  have  seen  but  once  in  carefully 
observed  cases.  I  also  have  the  records  of  a  second  at- 
tack occurring  six  weeks  after  complete  recovery  from 
the  first.     Both  attacks  were  severe. 

Termination.— ■T'iie  return  to  health  is  usually  rapid. 
In  the  second  week  the  patient  clamors  for  food,  and  is 
anxious  to  resume  his  avocations.  In  severe  cases  the 
favorable  result  may  be  delayed  by  prostration,  anaemia, 
impaired  digestion  with  or  without  jaundice,  paresis  of 
the  extremities,  neuritis.  Death  results,  in  the  majority 
of  cases,  apparently  from  intoxication  affecting  the  nerve 
centres  and  from  hemorrhage.  Ataxic  symptoms,  delir- 
ium, convulsions,  coma,  crowd  one  another  in  the  last 


hours  of  fatal  cases  of  short  duration.  Other  cases 
usually  with  Intense  jaundice,  have  a  less  violent  end' 
and  die  in  an  adynamic  condition  by  asthenia.  ' 

Diagnosis.— The  diagnosis  rests  mainly  upon  the  four 
chief  symptoms:  the  facies,  the  pulse  and  temperature, 
the  albuminuria,  and  the  tendency  to  hemorrhages. 

In  certain  diseases,  usually  benign,  such  as  influenza 
and  dengue,  that  may  be  confounded  with  mild  cases  of 
yellow  fever,  the  diagnosis  is  at  times  diflicult.  At  the 
beginning  of  an  epidemic  the  examination  of  several 
patients  may  be  necessary. 

In  influenza  we  should  expect  to  find  the  catarrhal 
symptoms,  the  peculiar  appearance  of  the  buccal  mucous 
membrane  and  the  tongue,  the  greater  remissions  of  the 
fever,  the  pulmonary  complications,  the  presence  of  the 
influenza  bacillus.  In  yellow  fever,  on  the  other  hand, 
we  should  find  jaundice  and  albuminuria  much  more  fre- 
quently than  in  influenza  of  the  mild  type  that  we  are 
here  concerned  with ;  and  then,  besides,  in  yellow  fever 
there  is  the  peculiar  pulse  line. 

In  dengue  we  would  rely  upon  the  eruption  and  the 
articular  and  muscular  pains,  and  upon  the  absence  of 
jaundice  and  albuminuria. 

With  respect  to  graver  forms  of  yellow  fever  it  may  be 
difiicult  to  determine  whether  we  are  dealing  with  this 
disease  or  with  typhoid,  malaria,  and  malignant  forms 
of  jaundice,  or,  more  rarely,  with  plague  and  relapsing 
fever. 

Typhoid  Fever. — Each  one  of  the  two  diseases— yellow 
fever  and  typhoid  fever — has  its  special  facies.  During 
the  first  week,  when  the  mistake  is  likely  to  be  made, 
the  tongue  in  typhoid  is  heavily  coated.  The  tempera- 
ture is  more  regular,  and  the  pulse  frequency  does  not 
decrease.  I  need  not  mention  other  symptoms  generally 
found  in  typhoid ;  but  our  opinion  will  be  guided  by 
the  following  facts:  In  typhoid  our  patient  has  probably 
been  sick  with  fever  two  or  three  days ;  he  is  likely  to 
have  a  temperature  of  103°  F.  or  tliereabout.  The  fol- 
lowing day  he  will  have  the  same  temperature.  Now 
in  yellow  fever  this  would  mean  a  quite  severe  form  of 
the  disease,  and  the  patient  ought  to  have  a  well-marked 
albuminuria.  In  typhoid  he  will  have  but  little  or  no 
albumin.  This  may  appear  as  a  matter  of  little  impor- 
tance, a  mere  difference  in  degree,  but  it  is  not  so.  The 
pronounced  albuminuria  of  severe  cases  of  yellow  fever 
is  a  very  striking  symptom,  quite  distinct  from  mere 
febrile  albuminuria.  The  albumin  may  increase  in  ty- 
phoid, but  a  case  of  yellow  fever  with  the  temperature 
of  a  typhoid  patient,  kept  up  for  several  days,  would  be 
in  a  very  grave  state,  and  would  show  all  the  alarming 
and  peculiar  symptoms  of  the  former  disease.  Besides, 
in  typhoid  we  should  have  the  diazo  reaction  in  the  urine, 
and  a  low  percentage  of  hismoglobin  in  the  blood.  At 
the  time  when  the  Widal  reaction  is  obtainable  the  case 
is  not  likely  to  be  mistaken  for  one  of  yellow  fever. 

Malaria. — The  Plasmodium  in  the  blood  in  malaria, 
and  the  albuminuria  of  yellow  fever  are  the  main  distinc- 
tive features.  A  great  deal  has  been  written  about  a 
certain  form  of  malaria  as  likely  to  be  confounded  with 
yellow  fever;  I  refer  to  the  bilious  remittent  fever.  I 
suspect  that  this  name  was  generally  given  to  the  yellow 
fever  of  the  natives  of  the  yellow-fever  zone  who  were 
supposed  to  enjoy  immunity  against  this  disease,  or  else 
it  is  a  form  of  malaria  that  has  disappeared  from  our 
malarial  regions. 

The  real  difliculty  in  diagnosis  is  encountered  in  con- 
nection with  cases  of  sBstivo-autumnal  fever  during  the 
first  days  of  the  attack,  and  with  cases  of  yellow  fever  in 
the  first  stage  of  the  disease.  It  is  precisely  the  absence 
of  the  so-called  bilious  symptoms  at  this  time  in  the  lat- 
ter disease  that  renders  the  diagnosis  difficult.  We  may 
have  to  wait  for  their  appearance,  as  they  are  sure  to 
come  in  a  case  of  yellow  fever  having  the  high  tempera- 
ture and  the  stormy  onset  of  the  tropical  form  of  mal- 
aria in  an  unacclimated  person.  The  same  may  be  said 
of  the  albuminuria;  it  will  be  a  striking  symptom  of 
such  a  case,  whereas  in  malaria,  if  present  at  all,  it  will 
be  no  more  than  an  ordinary  febrile  manifestation.     In 
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this  disease  the  tongue  will  be  flat,  flabby,  and  coated ; 
the  liver  and  spleen  will  be  enlarged ;  the  hemoglobin 
percentage  will  be  about  seventy  or  lower;  the  tempera- 
ture is  likely  at  some  time  to  fall  precipitously  without 
any  hemorrhagic  symptoms;  the  pulse  is  sure  to  rise 
with  the  following  access  ot  fever ;  the  malarial  parasites 
will  be  found  in  the  blood.  We  should  remember  also 
that  a  yellow -fever  patient  with  the  high  temperatures 
that  are  likely  to  prevail  in  malaria,  is  a  very  sick  man, 
whereas  the  malarial  patient  is  less  seriously  affected. 

In  hsemoglobinuric  fever  the  black  water  itself  is  very 
strong  evidence  against  yellow  fever,  especially  if  we  can 
prove  the  absence  of  red  blood  cells  in  the  urine.  The 
attack  usually  comes  on  after  repeated  paroxysms  of  in- 
termittent fever  with  a  severe  chill,  and  the  hemoglobi- 
nuria and  the  jaundice,  the  enlargement  and  tenderness 
of  the  liver  and  spleen,  with  ansemia  and  low  per  cent- 
ages  of  haemoglobin  in  the  blood,  are  prominent  features 
from  the  start. 

Malignant  Jaundice. — Writers  who  were  not  familiar 
with  yellow  fever  have  supposed  that  there  must  be  a 
marked  resemblance  between  these  affections,  but  this  is 
not  true.  In  acute  yellow  atrophy  we  have  the  following 
distinctive  features ;  frequency  of  the  disease  in  connec- 
tion with  pregnancy,  prodromal  gastro-hepatic  disturb- 
ances, early  development,  and  progressive  character  of 
the  jaundice,  absence  of  the  sudden  onset  with  fever  and 
congestive  symptoms,  diminution  in  the  size  of  the  liver, 
change  in  the  color  of  the  fseces,  presence  of  leucin  and 
tyrosin  in  the  urine,  marked  diminution  of  the  amount 
of  urea,  great  prostration,  pallor,  low  percentage  of  hae- 
moglobin, and  slight  cedema. 

In  Weil's  disease  the  history  of  the  onset  corresponds 
with  that  of  yellow  fever,  but  the  gastro-hepatic  symp- 
toms are  more  pronounced  from  the  beginning.  Tlie 
jaundice  is  more  intense  and  presents  a  more  greenish 
tint.  There  is  a  tendency  to  diarrhcea ;  the  faeces  are 
often  clay-colored.  The  liver  and  spleen  are  large  and 
tender.  The  muscular  masses  are  sensitive  to  pressure. 
The  hemorrhages,  when  present,  are  a  later  manifestation 
than  in  yellow  fever.  The  duration  of  the  disease  is 
longer,  its  course  being  frequently  marked  by  two  dis- 
tinct paroxysms.  The  patient  falls  very  soon  into  a 
typhoid  state,  and  finally  the  urine,  according  to  some 
authorities,  is  apt  to  contain  the  Proteus  flavescens. 

Prognosis,— Attention  has  already  been  given  to  the 
prognostic  significance  of  the  several  symptoms;  hence 
it  is  not  necessary  to  dwell  extensively  upon  this  subject. 
We  may  summarize  the  unfavorable  prognostic  signs  as 
follows :  maintenance  of  the  temperature  at  a  high  level 
for  several  days;  high  temperatures  coinciding  with  the 
appearance  of  the  jaundice  and  hemorrhages;  persistent 
vomiting  after  the  initial  emptying  of  the  stomach; 
noticeable  falls  of  the  temperature  after  vomiting,  with 
subsequent  elevation;  marked  reduction  of  the  arterial 
blood  pressure ;  early  development  of  pronounced  jaun- 
dice, albuminuria,  or  gastric  hemorrhage;  loss  of  con- 
sciousness with  active  delirium  or  with  a  staring  expres- 
sion ;  profound  coma ;  suppression  of  mine. 

The  mortality  from  yellow  fever  varies  in  the  different 
epidemics.  The  series  of  277  cases  treated  at  Las  Animas 
Hospital  in  Havana,  which  have  been  specially  analyzed 
in  this  paper,  gave  a  mortality  of  22,7  per  cent. 

I  have  myself  seen  the  range  of  mortality  vary,  in  dif- 
ferent epidemics,  between  4  and  86  per  cent.  Among 
soldiers  confined  in  barracks  the  mortality  is  said  to  have 
been  as  high  as  92  percent.  It  is  low  among  children 
and  very  low  in  the  full-blooded  negro,  I  have  not  been 
able  to  lind  any  decided  differences  in  the  mortality  of 
the  whites  from  the  various  nations.  Reports  to  the 
contrary  are,  in  my  opinion,  to  be  explained  by  acci- 
dental conditions  affecting  at  the  time  one  race  more  than 
another.  The  natives  of  one  country,  for  instance,  will 
be  better  looked  after;  they  will  come  in  for  treatment 
earlier  than  others.  At  Las  Animas  Hospital  the  mor- 
tality among  those  who  were  admitted  within  the  first 
forty -eight  hours  of  the  disease  was  17.7  per  cent,,  while 
among  those  who  were  admitted  later  it  rose  to  32,3  per 


cent.    Now,  the  first  were  mostly  Americans ;  the  second 
were  Spaniards,  Italians,  etc. 

Before  concluding  this  description  of  yellow  fever  I 
wish  to  state  that  though  I  have  made  special  use  of  the 
material  at  my  disposal,  which  is  derived  from  the  study 
of  cases  in  Havana  during  1900  and  1901,  my  knowledge 
of  the  disease  is  based  upon  the  study  of  many  epidemics- 
observed  in  the  United  States,  in  Cuba,  and  in  Mexico. 
I  mention  this  because  I  wish  to  declare  that  I  have 
found  the  disease  everywhere  and  at  all  times  to  be 
always  the  same.  The  number  of  mild  cases  will  be 
greater  at  one  time  than  at  others.  Tiiere  may  be  a  dif- 
ference in  intensity ;  but,  aside  from  this,  I  have  never 
been  able  to  discover  characteristic  features  that  would 
distinguish  one  epidemic  from  another. 

MoiiBiD  Anatomy.* — External  appearance  of  the 
body.  The  cadaver  of  yellow-fever  patients  presents  a. 
characteristic  coloration.  The  shade  of  yellow  is  va- 
riable up  to  a  deep  saffron  color.  This  is  not  uniformly 
distributed  as  in  other  forms  of  jaundice,  but  rather  ap- 
pears with  greater  intensity  in  the  depending  portions  of 
the  body.  At  the  same  time  we  find  extensive  areas  of 
cadaveric  lividity  due  to  hypostasis.  The  face  appears 
livid  and  turgid.  From  the  mouth  and  nostrils  we  gene- 
rally find  oozing  a  dark  fluid,  or  dark  crusts  or  coagula 
are  found  about  these  orifices.  The  conjunctivae  are  yel- 
low and  often  ecchymotic. 

The  Heart. — This  organ  is  not  as  a  rule  seriously  af- 
fected in  yellow  fever.  This  opinion  does  not  conform 
with  that  of  Soudre  and  Couto  as  expressed  in  Nothna- 
gel's  "  System  of  Medicine. "  The  size  and  weight  of  the 
organ  are  normal.  The  consistence  is  generally  firm, 
with  few  exceptions.  The  external  aspect  indicates  in 
some  cases  a  slight  increase  of  the  subpericardial  fat, 
specially  toward  the  base,  and  along  the  transverse  and 
longitudinal  furrows.  This  is  not  an  evidence  of  degene- 
ration since  the  underlying  muscular  tissue  is  generally 
found  to  bo  normal.  On  the  surface  we  may  find  a  few 
ecchymotic  spots,  but  they  are  not  more  numerous  than 
those  found  elsewhere.  Soudre  and  Couto  describe  in 
one  case  a  hemorrhagic  focus  about  the  size  of  an  al- 
mond, involving  the  whole  thickness  of  the  left  ven- 
tricular wall.  On  opening  the  heart  the  muscle  appeare 
somewhat  paler  than  normal,  and  the  thickness  of  the 
ventricular  wall  is  normal,  or  may  be  slightly  increased. 
This  is  described  as  constant  by  Couto  and  Soudre.  The 
left  auricle  and  the  right  side  present  nothing  abnormal. 
Some  post-mortem  clots  are  generally  found  in  the  cavi- 
ties. The  endocardium  presents  to  the  naked  eye,  in 
some  cases,  a  yellowish  discoloration,  more  marked  tow- 
ard the  tendinous  extremities  of  the  papillary  mus- 
cles. Ecchymotic  points  may  be  seen  generally  near  the 
large  vessels.  These  are  not  constant  changes.  The 
valves  may  be  slightly  thickened  toward  the  borders,  but 
usually  they  are  normal.  The  valvular  thickening  and 
vegetative  endocardial  lesions  described  by  Couto  and 
Soudre  as  constant,  we  have  not  been  able  to  find. 

Histology. — Alterations  of  the  muscular  fibre  occur 
only  in  rare  cases.  The  striation,  which  is  never  as  dis- 
tinct in  the  cardiac  as  in  the  voluntary  muscles,  shows 
quite  clearly  in  most  of  our  preparations  as  soon  as  we 
apply  the  sufficient  amplification.  The  continuity  of  the 
fibre  is  not  altered,  and  it  is  well  known  that  in  the 
degenerated  heart  this  is  easily  broken.  The  nuclei  take 
the  stains  readily,  and  do  not  present  the  deformities  and 
elongations  that  are  found  in  other  infections.  The  in- 
terstitial connective  tissue  is  not  increased  or  proliferated. 
The  vessels  show  no  alterations.  Occasionally  we  find 
small  extravasations  near  the  endo-  or  pericardium.  The 
subpericardial  fat  appears  to  be  somewhat  increased. 
This  probably  explains  the  augmentation  in  the  size  of 
the  organ.  Rarely  we  have  met  with  alterations  in  the 
muscular  fibre.  These  are  by  no  means  uniform.  More 
or  less  granular  cells  are  found  among  perfectly  normal 
ones.     The  former  are  slightly  vacuolated,  and  their  stri- 


*  This  section  has  been  written  by  Drs.  Juan  Gultims  and  A.  A, 
Aballl.— Editor. 
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ations  may  be  completely  lost.  The  nuclei  will  be  found 
to  take  the  stains,  and  to  show  no  profound  alterations. 
The  fatty  degeneration,  described  by  others,  we  find  to 
be  exceptional.  Nowhere  have  we  found  evidences  of 
acute  endocarditis.  In  one  case  we  found  a  minute  ac- 
cumulation of  round  cells,  separating  muscular  fibres 
whicli  were  perfectly  normal. 

The  pleura  and  lungs  present  no  lesions  that  are  char- 
acteristic of  yellow  fever. 

The  Spleen. — Its  size  is  usually  not  altered.  On  section 
the  pulp  presents  a  dark  wine  color,  witli  reddish  areas. 
The  Malpighian  corpuscles  are  not  prominent.  The  con- 
sistence of  the  organ  is  somewhat  diminished.  Histo- 
logically we  find  the  organ  but  slightly  affected.  The 
Malpighian  bodies  show  neither  proliferative  nor  degene- 
rative lesions,  but  the  connective-tissue  stroma  appears 
to  be  slightly  increased.  The  parenchyma  of  the  organ 
is  congested.  The  small  veinsare  particularly  distended. 
In  some  cases  we  met  with  hemorrhagic  foci.  There  is 
no  increase  in  the  amount  of  pigment  contained  in  the 
spleen.  Some  authors  describe  cloudy  swelling  limited 
to  small  areas  of  the  parenchyma.  This  we  have  not 
been  able  to  confirm,  nor  have  we  found  any  appreciable 
change  in  the  vascular  walls. 

Hie  Kidneys.— ^j  the  naked  eye  we  discover  profound 
lesions  that  appear  to  be  constant.  The  size  is  more  or 
less  increased.  The  color  is  generally  j'ellowish-red. 
Upon  section  the  color  appears  reddish-yellow  or  gray- 
ish. The  vessels  are  dilated  and  the  blood  flows  freely. 
The  medullary  zone  contrasts  with  the  cortical  through 
the  normal  or  somewhat  cyanotic  hue  of  the  former.  The 
capsule  peels  easily,  and  the  surface  appears  reddish-yel- 
low with  vascular  arborizations. 

Morbid  Histology. — Two  kinds  of  lesions  are  found  in 
our  preparations :  one  is  constant  and  the  other  variable. 
The  glomeruli,  though  sometimes  normal,  present  in 
most  instances  evident  lesions.  At  times  the  capsule  is 
thickened  through  proliferation  of  its  cells,  but  it  is  more 
frequently  normal,  except  that  the  epithelium,  parietal 
or  visceral,  is  more  or  less  degenerated.  The  cavity  is 
generally  filled  with  an  exudate  of  variable  character. 
It  may  be  granular,  containing  exfoliated  cells,  or  it 
may  present  minute  fatty  areas  or  evidences  of  hyaline 
degeneration.  The  exudate  takes  a  rose  color  with  the 
haematoxylin-eosin  stain,  or  gives  the  reactions  of  hyaline 
matter.  The  capsular  degeneration  does  not  appear  to 
be  constant ;  nor  is  it  necessarily  fatty,  even  in  cases  in 
which  the  fatty  change  is  quite  apparent  in  other  por- 
tions of  the  kidney.  The  glomerule  is  retracted  and 
small  in  proportion  to  the  amount  of  _  exudate,  and  it 
rarely  shows  evidences  of  cloudy  swelling.  In  our  ex- 
perience the  more  constant  lesions  are  found  in  the  con- 
voluted tubules.  Their  lumen  may  be  dilated,  and  con- 
tains granular  matter  from  the  disintegration  of  cells 
and  from  the  coagulation  of  albumin.  Together  with 
this  material  we  find  cells  in  a  more  or  less  degenerated 
state,  and  fragments  of  the  same,  in  conjunction  with 
deformed  free  nuclei,  still  capable  of  taking  the  basic 
stains.  In  some  places  we  find  hyaline  masses,  true 
casts,  filling  the  lumen.  In  preparations  stained  after 
Marchi,  Golgi,  or  Weigert  we  find  here  and  there  fine 
fatty  granules  or  droplets  of  varying  size.  This  is 
by  no  means  always  the  case,  for  we  find  many  tubules 
in  an  advanced  state  of  degeneration  without  signs  of 
the  fatty  reactions.  We  have  not  been  able  to  find 
the  colloid  bodies  and  crvstals  described  by  Council- 
man. The  epithelial  lining  of  the  convoluted  tubules 
is  intensely  degenerated,  in  the  shape  of  cloudy  swell- 
ing or  fatty  change.  Osmic-acid  preparations,  stained 
by  safranln  and  carmine,  will  show  cells  infiltrated  with 
fat,  and  still  presenting  complete  integrity  of  the  nucleus. 
•Mitotic  figures  are  rare.  We  find  also  the  specialtorm 
of  necrosis  described  by  Councilman,  namely,  mmute, 
rounded,  or  irregular  bodies,  well  differentiated  from  the 
protoplasm.  They  stain  intensely  with  eosm,  and  should 
be  studied  with  high  powers.  The  straight  collectmg 
tubes,  the  descending  loop  of  Henle,  the  excretory  ducts 
are  less  aflected.     Here  the  integrity  of  the  epithehum  is 


better  preserved,  and  the  form  of  degeneration  most  fre- 
quently encountered  is  the  cloudy  swelling.  The  tubes 
in  the  pyramids  are  often  obstructed  with  cylinders  cor- 
responding with  those  that  are  found  in  the  urine.  The 
interstitial  connective  tissue  also  participates  in  the  proc- 
ess. We  find  recent  round-cell  infiltrations  around  the 
glomerules  (periglomerulitis),  and  about  the  cortical  and 
medullary  tubules.  In  some  sections  the  infiltration  is 
such  as  to  invade  tlie  tubules  themselves.  The  epithelial 
cells  are  found  degenerated  and  compressed  among  con- 
nective-tissue cells  of  new  formation  and  leucocytes. 

Twice  we  have  met  with  small  abscesses  of  the  kidney 
at  the  line  of  contact  of  cortical  and  medullary  portions. 
Bearing  upon  the  question  of  secondary  infections  we 
should  state  that  one  of  these  cases  was  of  short  duration. 

The  renal  vessels  are  at  times  dilated,  especially  the 
larger  ones,  the  interlobular  and  arciform;  but  no  appre- 
ciable changes  are  found  in  the  walls  of  these  or  of  the 
smallest  vessels.     Hemorrhages  are  rarely  met  with. 

We  may  classify  the  renal  process  in  yellow  fever  as  a 
haematogenous  acute  parenchymatous  nephritis. 

T?w  Stomach. — The  size  of  the  organ  is  normal  or 
slightly  increased.  On  opening  the  viscus  we  find  al- 
ways more  or  less  of  a  dark  fluid,  resembling  coffee  infu- 
sions of  variable  density.  Frequently  we  find  remnants 
of  food,  and  at  times  fine  shreds  of  mucous  membrane. 
The  spectroscopic,  chemical,  and  microscopic  investiga- 
tions show  tliat  the  coloring  matter  of  this  fluid  is 
hiemoglobin  or  some  one  of  its  derivatives.  The  mucous 
membrane  presents  a  reddish-gray  color  and  ecchymotic 
points  especially  about  the  cardia  and  pylorus.  The  re- 
mainder of  the  surface  presents  also  reddish  points  corre- 
sponding with  the  dilated  vessels. 

Histology. — The  changes  found  vary  in  difl'erent  cases. 
Sometimes  they  are  limited,  in  the  mucosa,  to  a  simple 
congestion,  specially  characterized  by  a  distention  of  the 
intertubular  vessels  that  empty  into  the  veins  of  the  sub- 
mucosa.  In  these  cases  only  the  superficial  part  of  the 
mucosa  is  altered.  The  nucleus  and  the  protoplasm  do 
not  take  the  stain  well,  but  the  epithelium  is  generally 
preserved.  Such  losses  of  it  as  may  be  encountered  are 
to  be  ascribed  to  cadaveric  changes.  We  find  in  these 
stomachs  small  superficial  hemorrhagic  foci,  and  at  times 
small  extravasations,  but  without  any  evidence  that 
the  capillaries  have  suffered  in  their  integrity.  Over 
the  places  just  described  the  more  superficial  layers  of 
the  epithelium  are  degenerated,  and  the  cells  are  found 
mixed  in  a  magma  composed  of  exfoliated  cells,  altered 
red  globules,  and  free  pigment.  Other  cases  present 
deeper  lesions.  These  are  more  pronounced  toward  the 
fundus  and  pylorus,  especially  the  former.  The  chief  or 
central  cells  of  the  glands  present  lesions  that  are  charac- 
terized by  lack  of  afBnity  with  the  hsematoxylin,  and  a 
granular  condition  of  the  protoplasm ;  but  we  have  not 
been  able  to  demonstrate  the  presence  of  fat.  These 
alterations  do  not  generally  affect  uniformly  the  whole 
length  of  the  gland.  In  the  glandulae  proprifp  of  KOUi- 
ker  we  find  normal  chief  cells  alongside  others  more  or 
less  degenerated.  The  fundus  of  the  gland  is  general- 
ly less  affected  than  the  periphery.  In  these  cases  the 
interstitial  connective  tissue  participates  in  the  degenera- 
tive process.  This  tissue  presents  a  certain  degree  of 
translucency,  and  a  lack  of  definition  of  its  elements. 
These  altera"tions  are  more  manifest  in  the  superficial  lay- 
ers. These  do  not  stain  distinctly  with  the  eosin  or  with 
the  fuchsin  in  van  Gieson's  process.  The  elastic  fibres 
cannot  be  easily  distinguished.  We  have  seen  no  evi- 
dence of  active  connective-tissue  proliferation,  such  as  is 
found  in  most  of  the  forms  of  gastritis,  specially  the 
hemorrhagic.  We  do  find  accumulations  of  round  cells 
in  the  mucosa  and  submucosa,  but  without  evidences 
of  degeneration  or  active  proliferation.  The  submucosa 
presents  small  areas  of  degeneration  in  the  muscularis 
mucosa;.  We  have  not  been  able  to  discover  the  pmic- 
tated  appearance  described  by  Couto  and  Soudre.  The 
vessels  are  often  dilated,  but  no  alterations  can  be  found 
in  their  walls.  The  lumen  is  generally  packed  with  red 
cells  and  a  few  leucocytes.     In  one  case  connective-tissue 
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elements  of  new  formation  were  found  infiltrating  the  sub- 
mucosa  about  the  veins,  but  even  here  no  change  could 
be  demonstrated  in  the  vascular  wall.  The  muscular 
coat  is  normal  in  volume  and  shows  no  signs  of  degene- 
ration. Distended  vessels  are  seen  among  the  layersof 
the  musculature.  The  fat  of  the  subserosa  is  not  in- 
creased, nor  is  this  membrane  in  any  way  altered. 

The  Intestines.— The  lesions  vary  with  the  form  and 
intensity  of  the  infection.  In  those  cases  in  which  there 
have  been  intestinal  hemorrhages  the  lesions  are  more 
intense.  Invaginations  of  the  small  intestines  have  been 
met  with.  In  one  of  our  cases  there  were  two  such  dis- 
locations: one,  at  1.5  metre  from  the  duodenum,  and  the 
other  30  cm.  lower  down.  There  were  no  adhesions  nor 
inflammatory  exudate  upon  the  serosa,  but  simply  a  con- 
gestion of  the  invaginated  portion  of  the  intestine. 

On  opening  the  intestine  we  tind  the  color  to  be  nor- 
mal, except  at  some  places  where  a  reddish  and  cyanotic 
discoloration  is  apparent.  This  is  more  marked  in  the 
upper  part  of  the  intestine.  Peyer's  patches  are  not 
swollen  or  ulcerated.  Histologically  we  find  no  serious 
lesions  of  the  mucosa.  It  is  less  congested  than  that  of 
the  stomach.  In  most  of  our  preparations  there  are 
marked  cadaveric  lesions,  specially  toward  the  duode- 
num. The  epithelium  covering  the  villi  may  be  want- 
ing or  macerated,  but  it  is  generally  present.  The 
glands  of  Lieberkiihn  show  no  evidences  of  catarrhal 
inflammation,  and  the  cells  of  the  glands  of  Brunner  pre- 
sent nothing  abnormal.  "We  find  no  abnormal  round-cell 
or  leucocytic  infiltration.  In  hemorrhagic  cases  we  find 
foci  similar  to  those  described  in  the  stomach.  The  sub- 
TQucosa  and  the  serosa  are  normal. 

The  large  intestines  are  usually  not  affected.  When 
we  meet  with  lesions  they  are  generally  encountered  in 
the  lower  portions  of  the  gut  and  are  catarrhal  in  char- 
acter. The  rectum  generally  contains  faecal  matter,  the 
consistence  of  which  varies  considerably.  Hemorrhagic 
lesions  are  occasionally  met  with. 

T?ie  Liver.— The  volume  of  the  organ  is  normal  or 
slightly  augmented.  In  60  autopsies  performed  by 
Couto  and  Soudre  the  weight  averaged  1,680  gm.  The 
minimum  was  1,200  and  the  maximum  3,200  gm.  In  8 
cases  it  varied  between  1,400  and  1,500.  Thirteen  cases, 
investigated  by  Dr.  Araujo  Vianna,  gave  a  specific 
weight  as  follows : 
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Color.— The  color  of  the  organ  is  characteristic  of  the 
disease.  It  may  be  compared  with  new  leather  or  box- 
wood. Minute  reddish  points  are  generally  found  on  the 
inferior  surface.  On  section  we  observe  the  same  dis- 
coloration, and  we  notice  some  reddish -gray  points  corre- 
sponding to  portal  spaces.  The  gall  bladder  usual!}' 
contains  small  quantities  of  bile  of  dark  color  and  syrupy 
consistence.  Tiie  biliary  passages  are  patulous,  and  on 
compression  of  the  gall  bladder  the  bile  flows  freely  into 
the  duodenum. 

Histology. — From  the  study  of  our  cases  we  conclude 
that  the  liver  is  the  organ  most  seriously  affected  in  yel- 
low fever.  We  are  at  once  struck  by  the  deformity  and 
disorder  that  prevail  in  the  hepatic  lobule.  The  cells  are 
not  radially  distributed  around  the  central  vein,  and  tlie 
vascular  net  appears  more  tortuous  than  normally.  For- 
eign elements,  such  as  leucocytes  and  connective  tissue 
of  new  formation,  among  the  hepatic  cells,  give  rise  to 
this  disorder.  The  protoplasm  of  the  cells  is  more 
granular  than  normally,  and  presents  vacuoles  of  vary- 


ing size.  These  gradually  gain  upon  the  protoplasm 
until  they  invade  it  totally.  Highly  refractive  hyaline 
bodies,  more  or  less  rounded  generally,  but  at  times  pre- 
senting slight  prolongations,  are  found  in  the  cells  and 
between  them.  These  bodies  take  the  eosin  stain  intense- 
ly, and  take  an  orange  color  by  the  van  Gieson  method. 
According  to  Councilman  they  represent  a  partial  necro- 
sis that  is  characteristic  of  the  acute  fatty  degenerations 
of  the  liver.  ("  Report  of  the  Etiology  and  Prevention 
of  Yellow  Fever,"  by  George  M.  Sternberg.  "Report  of 
the  United  States  Marine  Hospital  Service,"  1890.)  The 
nucleus,  usually  excentric,  generally  stains  well  with  the 
basic  colors.  This  integrity  of  the  nucleus  contrasts  in  a 
remarkable  manner  with  the  disintegration  of  the  proto- 
plasm, and  probably  explains  the  rapid  recuperation  of 
the  functional  activity.  Some  nuclei  are  degenerated, 
as  evidenced  by  signs  of  caryorrhexis  and  vacuolization. 
This  occurs  especially  in  the  neighborhood  of  the  portal 
spaces.  Here  also  we  meet  occasionally  with  evidences 
of  proliferation :  double  nuclei,  various  manifestations  of 
mitosis,  and  small  hepatic  cells.  In  preparations  colored 
by  the  Marchi  method,  or  fixed  in  Flemming's  fluid,  we 
find  that  the  vacuolizations  of  the  protoplasm  represent 
simply  fat  globules.  These  take  the  black  color  with  the 
osmic  acid.  Their  number  varies  from  two  to  four,  or 
they  may  run  together,  occupying  the  whole  body  of  the 
cell.  We  rarely  find  necrotic  areas.  In  one  case  the 
necrotic  areas  were  confined  to  the  periphery  of  the  lob- 
ule, while  the  central  portion,  charged  with  fat,  pre- 
sented a  normal  coloration  of  the  nuclei. 

The  interstitial  connective  tissue  participates  actively 
in  the  pathologic  process.  This  is  especially  true  in  the 
portal  spaces,  where  we  encounter  accumulations  of  round 
cells  gathered  around  the  blood-vessels  and  bile-ducts, 
and  frequently  pressing  upon  the  latter  and  obliterating 
their  lumen.  This  obliteration  is  not  constant,  for  we 
meet  with  open  ducts  even  in  the  midst  of  the  prolife- 
rated connective  tissue.  In  the  interior  of  the  acini  we 
find  also  a  considerable  number  of  round  and  fusiform 
cells,  together  with  flbrilloe  of  connective  tissue  and  a 
few  leucocytes. 

It  is  a  remarkable  fact  that  we  meet  nowhere  with  evi- 
dences of  a  decided  pigmentation  of  the  organ.  The  free 
pigment  is  relatively  scarce.  It  is  manifested  by  a  finely 
punctated  appearance,  and  does  not  give  the  iron  reac- 
tions. Pigment  is  also  found  within  the  cells.  The 
scantiness  of  pigment  in  the  yellow-fever  liver  is  in 
strong  contrast  with  the  findings  in  other  forms  of  jaun- 
dice.    The  walls  of  the  biliary  passages  are  normal. 

The  blood-vessels  of  the  liver  present  no  alteration  of 
the  walls.  Their  lumen  is  not  distended,  and  in  their 
contents  we  find  but  rarely  an  increase  of  the  leucocytes. 
Hemorrhages  are  very  rare. 

T/ie  Pancreas. — In  the  few  cases  in  which  we  have 
studied  this  gland  we  have  found  only  cadaveric  changes. 
We  could  not  demonstrate  the  existence  of  the  fatty  de- 
generation described  by  some  observers. 

The  Nerwns  System. — The  meninges  are  generally  in  a 
normal  condition.  Sometimes  ecchymotic  spots  are  found 
in  the  dura.  The  sinuses  are  generally  found  filled  with 
blood  in  those  individuals  who  die  in  a  comatose  state. 
The  arachnoid,  the  pia,  and  the  clioroid  plexus  are  con- 
gested, and  occasionally  we  meet  with  small  extravasa- 
tions. On  section  the  blood  flows  somewhat  freely  from 
the  vessels.  The  ventricles  are  dilated.  Their  walls,  as 
well  as  the  cerebro-spinal  fluid,  are  slightly  stained  yel- 
low. The  brain  is  of  normal  consistence,  but  somewhat 
softened  in  prolonged  cases.  On  section  the  color  is  nor- 
mal and  the  punctated  appearance  is  rather  prominent. 
The  spinal  cord  presents  similar  appearances  with  less 
prominence  of  congestive  signs.  The  histology  of  the 
nervous  system  has  not  been  carefully  investigated. 

Tkeat.ment.  — The  mortality  statistics,  referred  to 
undei'  the  head  of  Prognosis  (and  they  correspond  with 
others  from  various  sources)  show  the  importance  of  early 
treatment  in  yellow  fever.  Not  that  we  possess  any  spe- 
cific that  should  be  applied  during  the  first  hours  of  the 
disease,  but  that  those  patients  are  more  likely  to  recover 
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who  are  put  to  bed  at  once,  and  who  are  kept  on  an  ab- 
solute diet.  Nothing  else,  if  we  except  the  administra- 
tion of  a  laxative  and  the  employment  of  some  palliative 
measures,  was  done  for  the  patients  admitted  to  Las 
Animas  and  the  Mercedes  hospitals  during  the  first  two 
days  of  the  disease.  The  results  compare  very  favorably 
with  those  obtained  without  the  proper  sick-room  disci- 
pline, and  with  active  medication.  I  recommend  in  this 
connection  the  reading  of  a  paper  entitled  "  Notes  on  the 
Treatment  of  Yellow  Fever  at  Las  Animas  Hospital,"  by 
Col.  W.  0.  Gorgas,  in  tlie  Journal  of  tlie  Association  of 
Military  Surgeoiu,  for  October,  1903. 

The  patient  should  be  put  to  bed  at  once  and  kept  in 
the  horizontal  position.  Clean  linen  for  the  bed  and  per- 
son should  be  furnished  plentifully.  Windows  and 
doors  should  be  left  open  (screened  against  mosquitoes, 
of  course),  care  being  taken  to  avoid  only  the  direct  ac- 
tion of  strong  currents  of  air.  The  quarters  should  be  as 
clean  as  possible.  Patients  seem  to  do  well  when  treated 
in  tents,  whereas  the  mortality  is  generally  high  in  old 
yellow-fever  hospitals.  The  skin  should  be  cleansed  and 
rubbed  with  hot  water  and  soap,  and  clean,  loose  gar- 
ments should  be  substituted  for  the  clothing  worn  by 
the  patient.  It  is  not  unreasonable  to  believe  that  these 
measures  may  lessen  the  chances  of  secondary  infections. 
At  any  rate,  the  patients  so  treated  do  better  than  others. 

A  mild  purgative — calomel  and  jalap  or  castor  oil— is 
ordered,  and  water  is  given  freely  through  a  drinking 
tube  or  feeding  cup.  From  fifty  to  eighty  ounces  of 
fluid  are  given  in  the  twenty-four  hours.  Plain  water, 
pleasant  alkaline  waters,  ginger  ale,  lemonade,  orange 
leaf  tea,  are  given,  preferably  cold,  though  some  patients 
call  for  warm  drinks.  Weak  solutions  of  bicarbonate  of 
sodium  may  take  the  place  of  mineral  waters.  The  jja- 
tient  is  not  allowed  to  sit  up  to  empty  the  bladder  and 
rectum. 

Absolutely  no  drugs  are  given  until  we  see  clear  indi- 
cations for  them,  a  condition  that  is  not  likely  to  arise  in 
a  large  number  of  cases,  or  only  from  the  third  day  on- 
ward in  the  grave  cases.  During  this  interval  much  can 
be  done  to  relieve  the  sufferings  of  the  patient  and  to 
gain  his  confidence. 

External  applications  should  be  freely  used:  light 
sinapisms  to  the  back  of  the  neck,  to  the  calves  of  the 
legs,  to  the  loins,  or  to  the  epigastrium;  ice  caps  to  the 
head  or  to  the  back  of  the  neck ;  rubbing  of  the  legs  or 
back  with  alcohol  or  some  liniment ;  warm  applications 
over  the  bladder  if  there  be  retention  of  urine ;  sedative 
water  to  the  forehead.  If  the  body -temperature  be  very 
high  the  surface  should  be  sponged  with  cool  water  and 
alcohol,  or  an  enema  of  cold  water  may  be  given. 

If  by  night  time  the  patient  be  suffering  much  from 
pains  in  the  back  and  head,  a  dose  of  five  grains  of  phen- 
acetin  may  be  given,  and  repeated,  if  necessary,  once 
during  the  night.  After  the  third  night  this  drug  is 
scarcely  called  for,  and  its  use  is  probably  harmful. 

The  first  symptom  that  is  likely  to  call  for  special 
treatment  is  vomiting.  If  the  bowels  have  not  acted 
since  the  initial  purge  we  should  now  give  a  Seidlitz 
powder  in  broken  doses,  or  effervescing  magnesia,  or 
calomel  in  minute,  often  repeated  doses.  If  the  vomit- 
ing does  not  stop  readily,  we  should  discontinue  the  ad- 
ministration of  liquids  by  the  mouth,  and  allow  nothing 
but  ci-acked  ice  in  small  quantities.  At  the  same  time 
rectal  injections  of  warm  physiologic  salt  solution  in 
doses  of  six  ounces  every  four  hours  should  be  pre- 
scribed. It  is  to  be  hoped  now  that  the  rectum  has  not 
been  made  irritable  by  the  excessive  use  of  purgatives, 
for  much  depends  upon  the  continued  administration  of 
these  injections  perhaps  for  several  days.  When  we 
have  reached  the  fifth  or  sixth  day  of  the  disease,  the 
question  of  feeding  these  patients  presents  itself.  If 
there  has  been  no  vomiting  one  ounce  of  milk  may  be 
given  every  two  hours  by  the  mouth ;  but  if  we  have 
been  forced  to  use  the  rectal  injections,  two  or  three 
ounces  of  milk  should  be  injected  with  the  salt  solution. 

If  the  vomiting  and  retching  be  very  frequent,  a  few 
doses  of  cocaine  in  tablet  form  should  be  tried,  or  ice 


may  be  applied  to  the  throat.  The  oft-repeated  vomit- 
mg  is  almost  sure  to  lead  to  hemorrhage.  Immediately 
upon  the  first  appearance  of  brown  flakes  in  the  vomitus 
I  prescribe  tincture  of  the  chloride  of  iron  in  five-drop 
doses  every  two  hours.  I  give  it  usually  with  a  httle 
glycerin  and  lemon  juice.  The  iron  almost  always  re- 
duces the  frequency  of  the  vomiting.  I  have  tried  adre- 
nal extracts  without  success.  If  tliere  be  much  hemor- 
rhage from  the  mouth  I  prefer  to  use  a  mouth  wash 
containing  antipyrin.  Wherever  the  source  of  the  hem- 
orrhage may  be,  I  think  the  iron  should  be  insisted  upon. 

The  remainder  of  the  treatment  reduces  itself  to  sus- 
taining the  strength  of  the  patient,  and  stimulating  the 
action  of  the  heart  and  kidneys  by  the  judicious  use  of 
strychnine  and  digitalis  and  alcohol ;  the  two  former  by 
the  hypodermic  method,  and  the  latter  by  the  mouth  or 
rectum.  Alcohol  is  not  well  borne  in  large  doses;  a 
tablespoonful  of  champagne  or  some  whiskey  in  car- 
bonic-acid water,  given  occasionally  when  symptoms  of 
collapse  appear,  is  without  doubt  useful.  Hypodermics 
of  strychnine,  or  of  digitalin  in  doses  of  gr.  -^-^  or  gr.  -j-^ 
may  be  given  every  six  hours  with  advantage.  I  do  not 
believe  these  patients  will  stand  as  much  strychnine  as 
those  suffering  from  other  infectious  diseases. 

Digitalis  is  more  specially  indicated  when  the  kidneys 
are  inactive.  In  suppression  of  urine  cold-water  rectal 
injections  have  been  recommended,  and  in  some  few 
cases  I  tliink  I  have  done  good  through  the  diuretic 
action  of  calomel. 

The  prolonged  typhoid  cases,  generally  marked  by 
intense  jaundice,  require  alcohol  and  strychnine.  Most 
of  them  have  to  take  iron  for  a  tew  days  on  account  of 
the  hemorrhages ;  but,  as  these  subside,  I  think  they  are 
benefited  by  the  use  of  small  doses  of  chlorate  of  potas- 
sium. Later  on,  in  the  period  of  convalescence,  they 
should  take  muriatic  acid  and  nux  vomica. 

As  already  mentioned,  about  the  fifth  day  we  should 
begin  to  give  milk,  with  lime  water,  if  necessary.  The 
dose  should  be  gradually  increased,  and  about  the  ninth 
day  a  mild  solid  diet  may  be  ordered.  Ice  cream  is  much 
relished,  and  may  be  given  before  this. 

The  patient  should  be  allowed  to  get  on  his  f?et  grad- 
ually, and  in  the  majority  of  cases  he  is  up  and  about  at 
the  end  of  the  second  week.  Very  mild  cases  will  have 
recovered  completely  in  ten  days,  while  others  will  re- 
quire the  use  of  peptonized  food,  tonics,  and  massage 
for  a  few  days. 

Prophylaxis. — The  perfect  success  of  the  prophylac- 
tic measures  against  yellow  fever  is  based  on  the  com- 
plete knowledge  we  now  possess  of  the  mode  of  propa- 
gation of  the  disease.  It  is  transmitted  by  the  Stegomyia 
fasciata ;  the  insect  becomes  infected  by  biting  the  yellow- 
fever  patient  at  any  time  during  the  first  three  days  of 
the  disease ;  the  insect  becomes  infecting  twelve  days  after 
it  has  bitten  the  yellow-fever  patient.  The  application 
of  this  knowledge  to  prophylactic  practice  is  perfectly 
feasible, 

The  patient  should  be  treated,  if  possible,  within  an 
enclosure  known  to  be  free  from  the  Stegomyia  mos- 
quito. In  cities  exposed  to  the  introduction  of  yellow 
fever  there  should  be  kept  always  in  readiness  such  an 
enclosure — a  mosquito-proof  ward.  In  the  city  of  Ha- 
vana we  have  no  hesitation  in  receiving  cases  of  yellow 
fever  from  the  shipping.  We  have,  almost  forcibly  and 
with  the  idea  of  protecting  the  ship  and  the  port  to  which 
it  was  bound,  removed  such  a  patient  from  a  vessel  and 
brought  him  into  the  city.  Our  security  in  this  city  de- 
pends simply  on  our  having  such  an  enclosure.  The 
patient  is  brought  under  a  mosquito  bar  to  the  mosquito- 
proof  wards  of  Las  Animas  Hospital,  where  he  is  cared 
for  by  attendants,  many  of  whom  are  non-immunes. 
This  has  been  done  now  for  three  consecutive  summers 
without  a  single  instance  of  propagation  of  tlie  disease. 

If  the  patient  must  be  treated  at  home  steps  should  be 
taken  to  screen  the  windows  and  doors.  If  possible  a 
room  should  be  first  fumigated  to  destroy  the  mosquitoes, 
and  screened  before  the  patient  is  brought  into  the  apart- 
ment. 
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It  is  apparent  that  the  source  of  infection,  the  patient, 
is  quite  under  our  control  in  most  instances.  Of  course 
the  possibility  always  exists  of  mild  ambulatory  cases 
that  may  escape  our  observation.  I  have  always 
thought  that  such  cases,  specially  among  the  negroes, 
are  responsible  for  the  spread  of  some  epidemics. 

If  the  patient  has  had  the  opportunity  to  infect  mos- 
quitoes before  he  comes  under  observation,  it  becomes 
necessary  to  destroy  tlie  infected  insects.  Here,  again, 
we  observe  how  completely  this  disease  is  under  our  con- 
trol. The  insects  give  us  time  to  act.  They  can  do  no 
harm  before  the  lapse  of  twelve  days.  Furthermore  the 
Stegomyia  mosquito  is  a  domestic  insect.  It  is  not  likely 
to  migrate  far  from  the  patient.  It  will  remain  in  the 
same  room  or  at  least  in  the  same  house.  If  the  patient's 
quarters  are  protected  against  the  smoke,  the  other  parts. 
of  the  building  may  be  fumigated  with  pyrethrum.  The 
houses  immediately  adjoining  should  be  fumigated  at  the 
same  time.  After  the  recovery  or  death  of  the  patient  the 
room  occupied  by  him  should  also  be  fumigated. 

Although  the  pyrethrum  is  not  so  certain  an  insecticide 
as  are  certain  other  substances,  it  is  more  manageable,  and 
can  be  applied  in  all  places  and  at  all  times.  If  care  be 
taken,  during  fumigation,  to  leave  a  sheet  of  paper,  wet 
with  mucilage,  under  a  glass  window,  or  under  some  open- 
ing pasted  oVer  with  paper,  the  insects  are  sure  to  fly  to 
the  liglit,  and  will  drop,  when  paralyzed,  upon  the  paper 
beneath.  In  this  manner,  and  by  carefully  sweeping  the 
room,  before  freely  opening  the  windows,  after  fumigat- 
ing for  four  hours,  we  are  quite  sure  of  collecting  all  the 
mosquitoes.  These  should  be  burnt  at  once,  or  placed  in 
a  bottle,  if  we  desire  to  determine  the  kind  of  insects 
found  in  the  premises. 

The  complete  success  attained  in  Havana  by  these 
methods  was  in  part  due  to  the  fact  that  most  of  the  pa- 
tients affected  with  yellow  fever  were  hospital  patients ; 
that  is,  they  could  be  removed  at  once  to  Las  Animas,  or 
to  some  of  the  private  hospitals  in  which  the  sanitary 
department  had  seen  to  the  preparation  of  adequate 
wards. 

A  fine  was  imposed  on  the  physician  who  failed  to  re- 
port a  case  of  yellow  fever,  and  a  commission  of  experts, 
whose  opinion  as  to  the  diagnosis  was  final,  visited  the 
patient  at  once,  and  reported  upon  the  nature  of  tlie 
disease.  Preventive  measures  already  instituted  were 
continued  or  not  according  to  the  finding  of  the  com- 
mission. 

At  the  same  time  that  these  direct  measures  of 
prophylaxis  are  being  carried  out,  every  effort  should  be 
made  to  diminish  the  number  of  the  Stegomyia  mos- 
quitoes in  the  locality.  Deposits  of  water  of  all  kinds 
should  be  reduced  to  a  minimum.  Waste  waters,  sinks, 
and  pools  should  be  frequently  oiled  with  petroleum,  and 
water  barrels,  tanks,  and  cisterns  should  be  screened. 

The  above  simple  method  of  prophylaxis  is  based  on 
the  well-known  studies  of  Dr.  Finlay,  and  Drs.  Reed, 
Carroll,  Lazear,  and  Agramonte.  These  authors  .had  left 
undetermined  the  duration  of  the  period  of  infectivity  of 
cases  of  yellow  fever.  From  their  experience  and  my 
own  it  appeared  probable  that  this  period  of  infectivity 
■was  limited  to  the  first  three  days  of  the  disease.  In  the 
report  of  the  French  commission  (Marchoux,  Salimbeni, 
Simond)  sent  to  Rio  by  the  Pasteur  Institute,  we  find 
(Annates  de  I'lnsiiUit  Pasteur,  November,  1903)  that  spe- 
cial attention  was  paid  to  this  point,  and  that  inoculation 
experiments  were  made  to  show  that  a  ease  of  yellow 
fever  on  the  fourth  day  was  not  capable  of  transmitting 
the  disease. 

The  experimenters  of  the  Frencli  commission  have  im- 
munized individuals  by  injecting  serum  of  yellow-fever 
patients  previously  treated  by  heating  for  five  minutes  at 
a  temperature  of  55°  C,  or  by  keeping  it  under  a  layer 
of  vaseline  during  eight  days.  Dr.  Carroll  had  already 
suggested  the  attenuation  of  the  virus  by  heat.  The 
commission  also  show  that  the  serum  of  convalescents 
possesses  preventive  properties,  and  perhaps  curative 
properties,  as  suggested  by  Finlay. 

Juan  Ouiierai. 
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CHROMATOPSIA.— Chromatopsia  is  a  modification  of 
the  visual  sensation,  as  a  result  of  which  all  objects  ap- 
pear of  a  certain  color  (red,  purple,  blue,  yellow,  green, 
white),  without  any  effect  upon  the  acuteness  of  vision 
or  any  visible  changes  in  the  fundus. 

Er/^thropsia  (Heel  Vision),  the  most  common  variety,  is 
not  infrequent  after  cataract  extraction,  occurring  in 
three  to  five  per  cent,  of  cases  (Becker),  and  after  ex- 
posure to  intense  light,  for  example,  sunlit  snow  fields 
especially  in  high  regions,  brilliant  electric  light,  flashes 
of  lightning,  and  observation  of  the  sun.  This-  visual 
disturbance  becomes  more  marked  when  the  illumination 
is  suddenly  diminished,  as  after  going  from  the  open  into 
a  house.  After  cataract  extraction  there  is  less  frequent- 
ly purple  or  blue  vision  (kyaiwpsia),  or  the  patient  com- 
plains of  objects  appearing  of  a  glaring  white.  The 
phenomenon  generally  appears  shortly  after  the  opera- 
tion, or  after  some  days  or  weeks;  it  lasts  a  variable 
number  of  hours,  days,  weeks,  or  months;  it  may  be 
constant  or  intermittent;  it  generally  disappears  in  the 
course  of  a  few  days  or  weeks.  No  treatment  is  called 
for  beyond  the  wearing  of  smoke-tinted  glasses ;  potassic 
bromide  has  been  recommended  in  these  cases. 

Independently  of  cataract  extraction,  the  occuiTence 
of  colored  vision  is  favored  by  dilatation  of  the  pupil, 
congenital  coloboma  of  the  iris,  iridectomy,  by  excitement 
of  any  sort,  and  by  elevation  of  body -temperature.  Red 
vision  is  an  occasional  symptom  of  optic-nerve  atrophy, 
glaucoma,  nyctalopia,  migraine,  hysteria,  hystero-trau- 
matic  amblyopia,  and  amaurosis,  exhausting  diseases, 
and  severe  fevers;  it  sometimes  occurs  with  intra-ocular 
liemorrhage;  it  maybe  part  of  the  epileptic  aura;  it  is 
said  to  be  caused  by  coffee  in  rare  instances.  Blue  vision 
is  occasionally  complained  of  by  patients  suffering  from 
retinitis  albuminurica  and  detachment  of  the  retina,  and 
may  also  follow  the  use  of  cannabis  indica.  Oreen  nsion 
(chioropsia)  is  a  rare  symptom  of  detachment  of  the  retina, 
optic-nerve  atrophy,  and  apliakia  as  the  result  of  cataract 
extraction.  Blind  eyes  occasionally  are  conscious  of 
colored  lights,  probably  due  to  irritation  of  the  visual 
centres. 

It  seems  probable  that  chromotopsia  may  be  due  either 
to  central  irritation  or  to  local  causes.  No  entirely  satis- 
factory explanation  of  tlie  phenomenon  has  yet  been 
offered.  Fuchs  attributes  red  vision  to  the  action  of 
strong  light  on  the  visual  purple  and  its  slow  regene- 
ration under  less  intense  light ;  but  the  absence  of  visual 
purple  at  the  macula  upsets  this  theory.  Snellen  be- 
lieves it  to  be  due  to  the  coloring  of  white  light  by  its 
passage  through  the  translucent  and  vascular  lids  and 
choroid,  and  the  subsequent  diffusion  of  this  reddish 
light  over  the  retina.  After  the  extraction  of  cataract, 
upon  exposure  to  bright  light,  the  lids  are  partly  closed; 
there  is  thus  a  small  central  pupillary  opening  for  white 
light,  while  the  periphery  of  the  retina  is  flooded  with 
]'cd  light  which  has  come  through  the  .lids.  When  the 
intensity  of  the  illumination  is  reduced,  the  red  percep- 
tion of  the  periphery  changes  to  a  complementary  green 
as  a  result  of  fatigue,  while  central  vision  appears  red 
by  contrast.  The  blue  vision  after  cataract  extraction  is 
attributed  bj'  Burnett  to  fatigue  of  tlie  retina  as  a  result 
of  long -continued  exposure  to  light  rendered  yellow  by 
passage  through  amber-colored  cataracts,  giving  blue  as 
a  residual  sensation  in  white  light. 

To.iic  Ohronidtopaia. — Colored  vision,  usually  yellow 
(xanthopsia),  is  one  of  the  symptoms  of  the  poisonous 
effects  of  certain  drugs,  of  which  santonin  is  the  most 
common  example;  this  agent  maj',  however,  produce 
green  vision,  or  rarely  red  or  blue  vision.  Other  drugs 
which  may  produce  chromatopsia  are  amyl  nitrite,  picric 
acid,  chromic  acid  (as  a  result  of  local  applications),  os- 
mic  acid,  digitalis,  carbonic  oxide,  and  tobacco.  Xan- 
thopsia also  occurs  as  an  early  symptom  of  catarrhal 
jaundice,  being  due  probably  to  the  discoloration  of  the 
dioptric  media  by  bile  pigments;  it  is  seen  after  dazzling 
from  electric  light,  and  may  accompany  nyctalopia. 

Charles  II.  May. 
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AacUen. 
Absence. 


Aachen,  medicinal  springs  at,  i.  1 
Aagrini,  ii.  838 
Abattoirs,  v.  724 

sanitary  inspection  of,  v.  735 
Abbe's  lateral  anastomosis  of  in- 
testines by  suture,  v.  179 
Abbreviations  used  in  denoting  the 

electrical  reactions,  iii.  771,  776 
Abdomen,  anatomy  of,  i.  2 

deformities    of,   determined    by 

cyrtometer,  iii.  341 
development    of    organs   of,    i. 

179 
emphysema  of,  viii.  430 
examination  of,  in  diseases  of  the 

stomach,  vii.  488 
examination  of,  in  medico-legal 

autopsy,  i.  659 
fasciae  of,  i.  3 
form  and  appearance,  i.  3 
gunshot  -vvounds  of,  iv.  454 
incisions  in,  i.  5 
injuries  of,  i.  16,  670 
lymphatics  of,  v.  635 
massage  of,  v.  695 
malformations  of,  vii.  702 
muscles  of,  i.  3 
regions  of,  i.  11 
section  of,  in  new-born,  vi.  275 
surgery  of,  i.  16 
wounds  of,  i.  17 
Abdominal  bandage,  for   soldiers, 
v.  796 
aorta,  aneurism  of,  i.  35,  336 
cavity  and  contents,  i.  11 
lymphatic  glands,  v.  636,  640 
muscles,  anomalies  of,  vi.  61 
pregnancy,  iv.  57 
ring,  external,  anatomy  of,  i.  3 

internal,  anatomy  of,  i.  6 
tumors,  diagnosis  of,  i.  22 
viscera,  anatomical  relations  of, 
i.  12 
gunshot  wounds  of,  iv.  455 
relative  positions  of  the,  i.  12 
wall,  i.  3 

abscess  of,  v.  535 
posterior,  i.  10 
Abductor  hallucis  muscle,  anomalies 
of,  vi.  59 
indicis  muscle,  vi.  55 
minimi  digiti  muscle,  anomalies 

of,  vi.  55,  59 
ossis  metatarsi  quinti  muscle,  vi. 

59  ^     . 

poUicis  muscle,  anomalies  of,  vi. 

55 
pollicis  longus  muscle,  iv.  242 
Abenakis  Springs,  i.  39 


Aberration,  chromatic,  iv.  91 

mental,  v.  25  (see  also  Insanity) 

spherical,  iv.  84,  91 
Aberystwith,  i.  39 
Abies  abies,  vi.  639 

balsamea,  ii.  624 

canadensis,  vi.  639 
Abietic  acid,  i.  39 
Abiotrophy  of  the  myon,  vi.  62 

of  the  motor  neurones,  vi.  62 
Ablution,  general,  iv.  789 
Abnormalities  of  size,  vii.  672 
defective,  vii.  673 
excessive,  vii.  672 

of  position,  vii.  672 

transposition  of  viscera,  vii. 
673 
Abogate,  i.  191 
Abortion,  i.  39 

criminal,  i.  42,  671 ;  viii.  512 

examination    in    cases    of    sus- 
pected, i.  43 

indications  for  induction  of,  vi. 
309 

laws  against  criminal  induction 
of,  i.  42 

leucorrhoea  following,  v.  495 

methods  of  inducing,  vi.  810 

missed,  i.  41 

pathology  of,  iii.  62 

post-mortem    indications    of,   i. 
670 
Abortives,  vi.  691 
Abracbius,  vii.  714 
Abrasions  of  cervix  uteri,  viii.  69 
Abrin,  v.  260 
Abrus  precatorius,  v.  260 
Abscess,  i.  44,  47 

alveolar,   v.  248;   vii.  6C0;   viii. 
582 

amoebic,  i.  44 

appendicular,  i.  39 

aspiration  of,  i.  580 

bronchiectatic,  viii.  406 

caused  by  quinine,  iii.  423 

cervical,  diffuse,  vi.  593 

cold,  i.  46,  48 

cutaneous,  i.  49 

embolic,  i.  46 

extradural,  ii.  222,  415;  v.  709 

formation  and  healing  of,  v.  6, 
11 

ilio-psoas,  i.  36 

in  axilla,  vii.  207 

in    hip -joint    disease,    v.    268, 
384 

in  ischiorectal  fossa,  i.  394 

in  neck,  vi.  192 

in  Pott's  disease,  vii.  407 


Abscess,  intracranial,  ii.  411 

ischiorectal,  i.  48,  394 ;  vi.  564 

mammary,  Ii.  474 

near  rectum,  i.  394 

of  abdominal  wall,  v.  535 

of  auricle,  iii.  607 

of  bladder,  vii.  708 

of  brain,  ii.  218,  249,  411 

a  cause  of  headache,  iv.  552 
complicating    inflammation 

of  the  ear,  iii.  655 
due  to  chronic  purulent  in- 
flammation of  the  middle 
ear,  v.  707 
traumatic,  iv.  561 

of  cerebellum,  ii.  219 

of  cornea,  iii.  283;  iv.  100 

of  Fallopian  tubes,  vii.  709 

of  finger,  iv.  502 

of  jaw  (lower),  v.  253 

of  iaryn.x,  v.  410 

of  liver,  v.  530 

of  lung,  V.  586;  vii.  755 

of  mamma,  ii.  474 

of  mediastinum,  v.  732 

of  nasal  septum,  vi.  109 

of  oesophagus,  vi.  340 

of  omentum,  vi.  360 

of  ovary,  vii.  709 

of  palm  of  hand,  iv.  504 

of    pancreas.    See   Pancreatitis, 
Acute  SuiJpvratim 

of  spleen,  vii.  427,  429 

of  testicle,  vii.  709 

of  tongue,  vii.  795 

of  tympanic  membrane,  iii.  635 

pelvic,  i.  394 

peri-ffisophageal,  vi.  340 

psoas,  vi.  779 

rectal  (deep),  i.  394 

retropharyngeal,  vi.  599 

serous,  i.  46 

sputum  in,  character  of,  vii.  433 

subareolar,  ii.  474 

subdiaphragmatic,  viii.  503 

sublingual,  vi.  593 

submammaiy,  ii.  474 

subphrenic,  iii.  437 ;  viii.  506 

suburethral,  i.  773 

treatment  of,  i.  47 

tropical,  i.  44;  v.  532 

tuberculous,  v.  207 
Abscesses,  metastatic,  in  walls  ol 

arteries,  ii.  98 
Abscission  of  uvula,  viii.  108 
Absence  of  adrenals,  vii.  566 

of  cervix  uteri,  viii.  73 

of  iris,  V.  217 

of  larynx,  v.  419 
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Absence    of  mammary  gland,    ii. 
471 
of  nails,  vi,  93 
of  nipple,  ii.  465 
of  oesophagus,  vi.  338 
of  ovary,  vi.  431 
of  patella,  vi.  517 
of  pericardium,  vi.  558 
of  spleen,  vii.  425 
of  tongue,  vii.  793 
of  ureter,  viii.  11 
of  uterus,  viii.  73 
of  uvula,  viii.  109 
of  vagina,  viii.  153 
Absinthe  habit,  i.  50 ;  viii.  316 
Absinthin,  viii.  316 
Absinthism,  i.  50 
Absinthium,  viii.  316 
Absinthol,  viii.  316 
Absorbent    material    for   dressing 
wounds,  iii.  555 
system,  v.  624.     See  also  Lym- 
phatic System 
Absorption,  i.  50 
in  cataract,  ii.  725 
spectre,  vii.  275 
Abstract  of  Ignatia,  iv.  843 
Abstracts,  v.  735 
Abuta,  V.  859 

rufescens,  v.  859 
Acacia,  iv.  427 
catechu,  ii.  738 
Senegal,  iv.  427 
suma,  ii.  738 
vera,  iv.  427 
Acsena,  vi.  1000 
Acanthacese,  i.  51 
Acanthia  columbaria,  v.  156 
inodora,  v.  156 
hirandinis,  v.  156 
pipistrelli,  v.  156 
Acanthocephala,  vi.  224 
Acanthosis  nigricans,  i.  51 
Acardiac  monsters,  vii.  679 
Acardius,  vii.  679 
acephalus,  vii.  681 
acormus,  vii.  680 
amorphus,  vii.  683 
completus,  vii.  680 
Acari,  see  Arachnida,  i.  428 
Acarian  furrows,  i.  432 
Acarida,   i.  429.     See  also  Arach- 
nida 
Acaroides  gum,  viii.  318 

resin,  viii.  318 
Acarus  dysenterise,  i.  434 
exulcerans,  i.  431 
lactis,  i.  434 
scabiei,  i.  431;  vii.  34 
siro,  i.  431,  434 
Accelerator  urinse  muscle,  anom- 
alies of,  vi.  62 
Accessory  abdominal  oblique  mus- 
cle, vi.  61 
gluteus  minimus  muscle,  vi.  56 
head  to  quadriceps  cruris  muscle, 

vi.  57 
inferior  "oblique  muscle,  vi.  43 
palmar  abductor  indicis  muscle, 

vi.  55 
suprarenals,  vii.  566 
thyroids,  vii.  775 
Accidental    injuries,    amputation 
in,  i.  335 
conservatism  in  treatment  of,  i 
236 
Accidents  a  cause  of  deaf-mutism, 
iii.  365 
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Accidents  by  machinery,  measures 
for  preventing,  vi.  330 
from  electric  current,  iii.  754 
Acclimatization,  i.  52 

diseases  interfering  with,  i.  53 
hygiene  of,  i.  53 
obstacles  in  the  way  of,  1.  53 
Accommodation,  i.  54;  iv.  93 

and  refraction,  disorders  of,  i.  54 
changes  in  eye  in,  i.  54;  iv.  93 
disorders  of,  i.  54,  59 ;  iv.  94 
influence  of  age  upon,  iv.  95 
mechanism  of,  iv.  93 
nerves  of  apparatus  of,  iv.  95 
range  of,  i.  55;  iv.  94 
region  of,  vi.  78 
Scheiner's  experiment,  iv.  93 
spasm  of  muscles  of,  i.  60 
varying  shape  of  the  lens  during, 
iv.  98 
Accounts  of  physicians.     See  Fees 
A.  C.  E.  mixture  as  an  anaesthetic, 

i.  292 
Acephalus,  vii.  681 
Acer  barbatum,  vii.  648 

saccharnm,  vii.  548 
Acervulus  cerebri,  ii.  166 
Acervus  cerebri,  ii.  166 
Acetabulum,  iv.  690 
fractures  of,  i.  60 
Acetal,  i.  63 
Acetaminol,  i.  63 
Acetanilid,  i.  63 

relation  of,   to  phenacetin,  vi., 
606 
Acetanilide,  i.  63 
Acetate  of  ammonium,  i.  216 
of  iron,  v.  225 
of  lead,  V.  471 
of  potassium,  vi.  744 
of  zinc,  viii.  339 
Acetic  acid,  i.  65 

as  a  caustic,  ii.  757 
as  a  germicide,  iv.  330 
concentrated,  poisoning  by,  i.  663 
Acetic  ether,  i.  65 
Aceto-arsenite  of  copper,  poison 

ing  by,  i.  663 
Acetone,  i.  65 

as  a  germicide,  iv.  330 
in  diabetic  urine,  i.  66 ;  iii.  430 
Acetone-chloroform,  i.  321 
Acetonuria,  i.  65 ;  viii.  49,  343 
an  auto-intoxication,  i.  645 
in  insanity,  v.  40 
Acetophenone,  iv.  811 
Aceto  -  phenone-ortho-oxy-quin- 

olin,  i.  67 
Acet-ortho-toluid,  i.  67 
Acet-para-toluid,  i.  67 
Acetracts,  i.  65 
Acetum,  v.  740 

Acetyl-benzoyl-aconine,  i.  84 
Acetylene,  ii.  664 ;  iv.  761 
Acetyl-para-amido-salol,  vii.  15 
Acetyl-salicylic  acid,  i.  581 
Acetyl-thymol,  i.  67 
Acheiria,  iv.  492 
Achillea,  viii.  318 
Achillein,  viii.  318 
Achilles  jerk,  vi.  874 
Achillo-bursitis,  iv.  215 

posterior,  iv.  216 
Achillodynia,  iv.  315 
Acholia,  v.  536 
Aohorion  Schonleinii,  i.  720 
Achroma,  acquired.     See  Vitiligo 
congenital.     See  Albinism 


Achromatic  spindle,  ii.  764 
Achromatolysis,  vi.  661 
Achromatopsia,  ii.  13 ;  viii.  245 
Achylia  gastrica,  vii.  503 
Acroodextrins,  iii.  472 
Acidophiles,  ii.  30 
Acidosis,  viii.  343 

following  operations,  viii.  690 
Acids,  abietic,  i.  39,  65 
acetic,  i.  65,' 67 
acetyl-salicylic,  i.  581 
aconitic,  i.  85 
acrylic,  i.  68 

action  of,  on  tissues,  i.  71 
agaric,  i.  138 
agaricic,  i.  138 
agaricinic,  i.  138 
alantic,  iii.  742 
alkaptonic,  viii.  47 
alpha-toluic,  vi.  609 

amido-,  i.  68 

amido-acetic,  i.  68,  754 

amido-stearic,  vi.  788 

anacardic,  ii.  707 

angelic,  i.  348 

arachidic,  i.  68 

aromatic,  i.  69 

sulphuric,  vii.  563 

arsenous,  i.  524 

artanthic,  v.  714 

as  antidotes,  i.  373 

as  beverages,  i.  72 

as  caustics,  ii.  756 

as  digestants,  iii.  471 

as  disinfectants,  i.  687 

as  escharotics,  i.  73 

as  lotions,  i.  73 

aspartic,  i.  68 

benic,  vi.  68 

benzoic,  i.  744 

beta-oxybutyric,  viii.  48 

bile,  i.  68;  viii.  50 

boric  or  boracic,  ii.  130 

Boswellic,  vi.  355 

Boswellinic,  vi.  355 

burns  from,  ii.  530 

butyric,  i.  67 

camphoric,  ii.  633 

camphoronic,  ii.  624 

capric,  i.  68 

caproic,  i.  67 

caprylic,  i.  68 

carbamic,  i.  68 

carbazotic,  vi.  633 

carbolic,    i.   363,    869,    687;    a 
655 

carbonic,  ii.  661 

carminic,  iii.  225 

carthamic,  vii.  3 

catechu-tannic,  ii.  739 

cathartic,  vii.  117 

cerotic,  i.  68 

cetraric,  vi.  1 

chelidonic,  ii.  760 

chelidoninic,  ii.  760 

cholalic,  i.  68,  754 

cholic,  i.  754 

chromic,  iii.  70 

chrysophanic,  iii.  76;  vi.  974 

cinnaniic,  iii.  98 

citric,  iii.  126 

columbic,  iii.  226 

comenic,  vi.  385 

corrosive,  burns  from,  ii.  519 

cresotic,  vii.  9 

cresotinic,  vii.  9 

cresylic,  iii.  329 

crude  pyroligneous,  i.  65 
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Acids,  dextrorotary  lactic,  viii.  48 
diacetic,  viii.  49 
dibromogallic,  iv.  299 
digallic,  vii.  636 
di-iodo-salicylic,  v.  210 
effect  of,  on  electrotonus,  ii.  776 
erucic,  vi.  68 
eriodictyonic,  viii.  834 
etiiereal  sulphuric,  i.  69 
fatty,  i.  67 ;  viii.  47 
formed  from  alcohol  by  bacteria, 
i.  685 
from  carbohydrates  by  bac- 
teria, i.  685 
formic,  i.  67;  iv.  247 
gallic,  i.  596;  iv.  299 
gallo-tannic,  vii.  636 
geiitisic,  iv.  327 
glacial  acetic,  i.  65 
glutamic,  i.  68 
glycocholic,  i.  68 
glycolic,  i.  68 

glycuronic,  in  urine,  viii.  46 
gynocardic,  ii.  803 
hederic,  v.  238 
hedero-tannic,  v.  238 
hippuric,  i.  69;  viii.  46 
homogentisinic,  viii.  47 
hydriodic,  iv.  775 
hydrobromic,  Iv.  776 
hydrochloric,   iv.  780 
hydrocyanic,  iv.  780 
hydrofluoric,  iv.  786 
igasuric,  vi.  308 
in  urine,  viii.  52 
iodo-salicylic,  v.  210 ;  vii.  9 
ipecacuanhic,  v.  211 
Isoanemonic,  vi.  797 
isolactic,  v.  402 
Iso  valerianic,  i.  67 
kombic,  vii.  541 
krameria-tannic,  vi.  964 
lactic,  i.  68;  v.  402;  viii.  48 
lactucic,  V.  403 
Isevo-rotatory  lactic,  i.  68 
larixinic,  v.  405 
lauric,  i.  68 
lepidotic,  lii.  225 
malic,  V.  680 
margaric,  i.  68 
meconic,  vi.  385,  386 
metacopaivic,  iii.  378 
mono-phenetidin  citric,  v.  854 
morrhuic,  vi.  789 
muriatic,  iv.  780 
myristic,  i.  68;  vi.  417 
nitric,  vi.  389 
nitrohydrochloric,  vi.  394 
nucleic,  i.  69 
of  cinchona,  iii.  92 
oleic,  i.  68;  vi.  349 
ortho-oxy-benzoic.    See  Salicylic 
orthophosphoric,  vi.  620 
osmic,  vi.  418 
oxalic,  i.  68;  vi.  452 
oxybutyric,  i.  68 
palmitic,  i.  68 
papaveric,  vi.  735 
paralactic,  i.  68;  viii.  48 
phenaceturic,  viii.  47 
phenic,  ii.  655 
phenolsulphonic,  vii.  558 
phenyl-acetic,  vi.  609 
phenyl-acrylic,  iii.  93 
phenylhydrazine    levulinic,    vi. 

609 
phenylic,  ii.  655 
phenyl-salicylic,  vi.  609 


Absence. 
Addison's  disease. 


Acids,  phosphoric,  vi.  630 

pJiytolaccic,  vi.  728 

picric,  vi.  632 

podophyllic,  vi.  689 

polygalic,  vii.  114 

propionic,  i.  67 

prussic,  iv.  780 

pyrocomenic,  vi.  385 

pyrogallic,  vi.  818 

pyroligneous,  i.  65 

rhatania-taunic,  vi.  964 

rheadic.  vi.  735 

rheic,  iii.  76 

rheotannic,  vi.  974 

rheumic,  vi.  974 

ricinoleic,  ii.  709 

rutinic,  vi.  1003 

salicylic,  vii.  7 

salicylous,  vii.  9 

salicyl-sulphonic,  vii.  9 

sarcolactic,  i.  68;  viii.  48 

scammonic,  vii.  44 

sozolic,  i.  570 

stearic,  i.  68 

strychuic,  vi.  308 

succinic,  i.  68,  208 

sulphocarbolic,  vii.  558 

sulphuric,  vii.  562 

sulphurous,  vii.  563 

tannic,  i.  596;  vii.  636 

tartaric,  vii.  640 

taurocholic,  i.  68 

temulentic,  vi.  701 

tetra-iodi-di-clilor-salicylic,    vii. 
729 

therapeutic  action  of,  i.  71 

thiolinic,  vii.  741 

thio-salicylic,  vii.  742 

toxicodendric,  vi.  696 

toxicology  of,  i.  69 

tribenzol-gallic,  vii.  878 

tribenzoyl-gallic,  vii.  878 

trichloracetic,  vii.  880 

uric,  i.  69 

uroleucinic,  viii.  47 

valerianic  and  valeric,  viii.  181 

vegetable,  in  plants,  i.  101 
Acini  of  mamma,  ii.  467 
Acipenser,  v.  234 
Acme  distillers,  vi.  170 
Acne,  i.  72 

albida,  v.  818 

atrophica,  i.  78 

bromide,  i.  74 

cachecticorum,  i.  73;  v.  508 

erythematosa,  i.  79 

frontalis,  i.  78 

indurata,  i.  73 

iodide,  i.  74 

necrotica,  1.  78 

of  the  auricle,  iii.  606 

of  the  eyelids,  iv.  117 

picea,  i.  78 

pilaris,  i.  78 

punctata,  iii.  226 

rodens,  i.  78 

rosacea,  i.  79;  iii,  714;  v.  615 

scrofulosorum,  v,  508 

sebacea  cornea,  v.  306.     See  also 
Keratosis  follicularis 

simplex,  i.  72 

treatment  of,  i.  76,  81 

varioliformis,  i.  78;  v.  850 
Acocantliera,  vi.  430 
Acocantherin,  vi.  430 
Acoin,  i.  83 
Aconite,  i.  83;  vi.  705 

as  a  cardiac  depressant,  ii.  688 


Aconite,  toxicology  of,  i.  84 
Aconitic  acid,  i.  85 
Aconitine,  i.  85 

efEect  of,  on  heart  and  circula- 
tion, ii.  688 
Aconitum  ferox,  i.  84 

japonicum,  i.  84 

napellus,  i.  82 
Acorin,  ii.  550 
Acormus,  vii.  680 
Acorus  calamus,  ii.  549 
Acoustic  cane,  the,  iii.  633 

hysteria,  iii.  603 

neurasthenia,  iii.  605 
Acqua  toffana,  viii.  346 
Acquired  characteristics,  discus- 
sion on,  iv.  35 
Aorodynia,  i.  86;  iv.  531 
Acromegaly,  i.  86;  vi.  273;  viii.  463 

a  cause  of  headache,  iv.  553 

hand  in,  iv.  500 

pathological  anatomy  of,  i.  91 ; 
vi.  641 

pituitary  gland  in,  vi.  413 

skeleton  in,  i.  93 

treatment  of,  i.  97 
Acromio-clavicular  joint,  diseases 

of,  v.  377 
Acromion  process,  fracture  of,  iv. 

259;  vii.  45 
Acroparsesthesia,  vi.  273 
ActBea,  a  poisonous  plant,  vi.  699" 
Actinomycosis,  i.  97 

among  cattle,   detection  of,   v. 
726 

bacteriological  diagnosis  of,  viii 
440 

blood-vessels  in,  ii.  108 

kyphosis  due  to,  v.  378 

of  heart,  iv.  579 

of  kidney,  v.  345 

of  nasal  cavities,  vi.  109 

of  oesophagus,  vi.  343 

of  periosteum,  vi.  569 

of  pharynx,  vi.  597 

of  spine,  vii.  388 

of  tongue,  vii.  795 

of  veins,  viii.  218 

sputum  in,  vii.  433 

streptothrix  of,  i.  719 
Actinomycotic  myositis,  vi.  33 
Actinotlxerapy,  vi.  991 

application  of,  vi.  993 

Pinsen  method  of,  vi.  993 
Actions,  automatic,  i.  647 
Active  constituents  of  plants,  i.  101 
Actol,  vii,  316 

Actuaries'  life  table,  viii.  360 
Acupressure,  i.  104,  543 

healing  of  arteries  after,  i.  538 
Acupuncture,  i.  105 
Acuteness  of  vision,  examination 
of,  iii.  315 

standards  of,  iii.  316 
Adam's  apple,  vi.  189 
Adams  County  Mineral  Springs, 

i.  105 
Adams  Springs,  i.  105 
Adaptation,  an  evidence  of  organic 

evolution,  iv.  33 
Addiment,  viii.  583 
Addison  Mineral  Springs,  i.  106 
Addison  Sulphur  Springs,  i.  106 
Addison's  disease,  i.  106;   v.  362. 
See  also  Semilunar  Ganglia 

an  auto-intoxication,  i.  646 

blood  in,  ii.  69 

pathology  of,  vii.  110 
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Addison's    disease,  suprarenal 

medication  in,  vi.  412 
Addison's  keloid,  v.  864 
Adductor    brevis  muscle,  vi.  57; 
vii.  738 

hallucis  muscle,  vi.  59 

indicis  muscle,  vi.  60 

longus  muscle,  vi.  57 ;  vii.  738 

magnus  muscle,  vi.  57 ;  vii.  738 

minimus  muscle,  vi.  57 

pollicis  muscle,  iv.  485;  vi.  55 

quadratus  m.uscle,  vi.  57 
Adenia,  iv.  728.     Bee  -aXiO Hodgkin' s 

disease 
Adeno-carcinoma,  ii.  673 

of  eyelids,  Iv.  107 

of  heart,  i.  114 

of  ovary,  vi.  437 

of  peritoneum,  vi.  571 

of  the  cervix  uteri,  viii.  88 
Adeno-cystoma,  i.  115;  iii.  341 
Adenoid  tissue,  iii.  254 ;  v.  657 
Adenoid  vegetation  of  the  pharyn- 
geal tonsil,  vii.  833 
Adenoma,  i.  Ill 

decidual,  iii.  393 

foetal,  iv.  883 

myxomatosum,  iv.  383 

of  bladder,  i.  769 

of  ciliary  body,  iv.  110 

of  eyelids,  iv.  107 

-of  intestine,  v.  188 

of  kidney,  v.  324 

of  lachrymal  gland,  iv.  115 

of  larynx,  v.  433 

of  liver,  v.  554 

of  nose,  vi.  140 

■of  parotid  gland,  vi.  510 

•of  pharynx,  vi.  603 

■of  skin,  i.  115 

■of  thyroid  gland,  iv.  381 

papuliferous,  iv.  384 

sebaceum,  i.  115 

sudoriparum,  i.  116 
Adeno-myoma  of  round  ligament, 
viii.  98 

of  uterus,  viii.  98 
Adeno-sarcoma,    embryonal,    v. 

335;  vi.  381 
Adeps,  V.  405 

benzoinatus,  i.  746 

lanaB  hydrosus,  v.  405 
Adhesions,  peritoneal,  a  cause  of 

extra-uterine  pregnancy,  iv.  54 
Adhesive  plaster,  German,  iii.  353 
Adiantum,  iv,  147 

capillus-veneris,  iv.  147 

pedatam,  iv.  147 
Adipocere,  i.  116;  ii.  539 
Adipoma,   viii.  567.     See  also    Li- 
poma 
Adipose  ascites,  iii.  78 
Adiposis  dolorosa,  i.  96,  116;  vi 

274 
Adipositas,  i.  133 
Adirondack  Hineral  Sprinera,  i 

126 
Adirondacks,  i.  126 
Adjutor  splenii  muscle,  vi.  60 
Adolescence,  v.  743 

insanity    of,    v.    101.     See  also 
Dementia  prcecox 
Adonidin,  i.  127 
Adonin,  i.  137 
Adonis,  i.  137 

vernalis  as  a  diuretic,  iii.  545 
Adrenal  extract,  use  of,  in  Addi- 
son's disease,  i.  110 


Adrenal  glands,   i.   109,  137    See 

also  /Supi-areniils 
absence  of,  vii.  566 
accessory,  i.  139;  iv.  805 
atrophy  of,  vii.  567 
cysts  of,  iii.  350 
extract  of,  in  Addison's  disease, 

i.  110 
hemorrhage  of,  in  new-born,  vi. 

380 
lymphatics  of,  v.  637 
pathology  of,  i.  109.    See  also 

Addison's  disease 
secretion  of,  vii.  101 
tumors  of,  iv.  805;  v.  330.     See 
also  Hypernephroma 
Adrenalin,  vi.  413 

as  a  haemostatic,  Iv.  478,  634 
in  treatment  of  uraemia,  viii.  7 
Adulterations  of  baking  powder, 
iv.  180 
of  butter,  iv.  180 
of  clieese,  iv.  180 
of  cocoa,  iv.  180 
of  coffee,  iii.  190;  iv.  180 
of  condensed  milk,  iv.  180 
of  cream,  iv.  181 
of  drugs  in  England,  iv.  177 
in  Germany,  iv.  177 
in  United  States,  iv.  178 
of    food  and  drugs,   legislation 
concerning,   in    Connecti- 
cut, iv.  173 
in  England,  iv.  163 
in  France,  iv.  164 
in  Germany,  iv.  165 
in  Indiana,  iv.  174 
in  Massachusetts,  iv.  169 
in  Minnesota,  iv.  173 
in  New  Jersey,  iv.  173 
in  Ohio,  iv.  173 
in  the  United  States,  iv.  167 
of  food,  classification  of,  iv.  176 
of  honey,  iv.  181 
of  lard,  iv.  181 
of  maple  sugar,  iv.  183 
of  milk,  iv.  183;  v.  839 
of  molasses,  iv.  183 
of  olive  oil,  iv.  183 
of  spices,  iv.  183 
of  tea,  iv.  183 
of  vinegar,  iv.  183 
Adults,  height  and  weight  of,  iv. 
430 
,    significance  of  crying  in,  iii.  335 
Aegle  Marmelos,  i.  731 
.ffigopbony,  ii.  818 
Aeration  of  water,  viii.  284 
Aerobes,  i.  679 
Aerobioscope,  viii.  403 
Aerometer,  viii.  29 
Aerophthysmograph,  Gad's,  vi., 

951 
Aerotberapeutics,  i.  131 
Aerotonometer,    principle    of,    vi. 

950 
Aerozol,  i.  134 
.ffisculus,  ii.  514 

hippocastanum,  ii.  514;  vi.  703 
pavia,  ii.  514;  vi.  703 
.aisthesiometer,  i.  134 
JEstivo-autumnal  fever,  v.  677 
^tber.     See  Ether 
-ffitiology,  i.  759 
^tna  Springs,  i.  137 
Affusion,  iv.  789 

Africa,  liistory  of  yellow  fever  in, 
viii.  586 


Africa,  sleeping  sickness  of,  iii.  561 ; 

vii.  343 
African  fever,  iii.  400 
Afterbirth,  vi.  643,  and  see  Placenta 
After-damp,  i.  155 
After-images,  viii.  245 
Agamodistomum       ophthalmo  - 

bium,  vii.  866 
Agar-agar,  i.  137 

a  nutrient  medium  for  bacteria, 
viii.  373 

urine,  viii.  377 
Agaric,  purging,  i.  138 

surgeon's,  vii.  431 

white,  i.  138 
Agaricacese,  iv.  383 
Agaricales,  iv.  383 

edible,  iv.  282 

poisonous,  iv.  283 
Agaricic  acid,  i.  138 
Agaricinic  acid,  i.  138 
Agarics,    black-spored    series,   iv. 
285 

brown-spored  series,  iv.  284 

pink-spored  series,  iv.  384 

rusty-spored  series,  iv.  284 

white-spored  series,  iv.  283 
Agaricus  campestris,  iv.  385 
Agathin,  1.  138 
Agathis  Australis,  iii.  352 

dammara,  iii.  353 
Age,  i.  138 

and  insanity,  v.  30,  69 

as  a  factor  in  occupation,  vi.  321 

effect  of,  on  pulse  rate,  iii.  109 

in  life  insurance,  v.  510 

in  tuberculous  joints,  v.  263 

Influence  of,  on  accommodation, 
iv.  95 
on  dysentery,  iii.  568 
on  neurasthenia,  vi.  251 

modifying  dosage,  Iii.  551 

reckoning  of,  i.  138 

relation  of  myopia  to,  vi.  80 
Agenesia,  i.  139,  606 
Agenesis,  i.  139 
Ages  of  life,  i.  139 
Ageusia,  vii.  794 

Agglutination  in  relation  to  haemo- 
lysis, viii.  536 

test,  viii.  444 
Agitation,  effect  of,  on  bacteria,  1. 

685 
Aglossia,  vii.  793 
Agnail,  vi.  93 
Agnew's  catheter,  ii.  745 
Agonal  blood  clot,  iv.  614 
Agoraphobia,  i.  141 ;  v.  133 
Agraphia,  i.  410 
Agrimonia,  i.  142 
Agropyrum  repens,  ii.  298 
Agrostemma  Githago,  vi.  701 
Agua  azufrosa  del  topo  chico,  i. 

143 
Agua  Caliente,  i.  143 

various  springs  of  this  name,  i. 
143 
Agua  de  Vida  Springs,  i.  143 
Agua  fria,  i.  143 

hedionda,  i.  143 

tibia,  i.  144 
Aguas  Calientes,  i.  144 
"Aid,"  U.  S.  Hospital  Ship,  iv.  739 
Aiken,  S.  C,  i.  144 
Ailanthus,  i.  145;  vl.  706 

e.xcelsa,  i.  145 

glandulosa,  i.  145 

malabarica,  i.  145 
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Ailments,  among  troops,  depending 
upon  extremes  of  temperature,  ii. 
617 
Ainhum,  i.  145 ;  iv.  808 
Air,  i.  147 

amount  required  in  respiration, 

vi.  948 
and  disease,  1.  150 
anthropotoxins  in,  vi.  159 
as  a  tlierapeutic  agent,  i.  131 
bacteriological  analysis  of,  viii. 

446 
chemical  constitution  of,  i.  151 
compressed,  1.  131 

illness  from,  ii.  547 
compi'ession  and  rarefaction  of, 
in  treatment  of  ear  disease,  iii. 
653 
contaminated  by  carbon  dioxide, 

ii.  660 
exjjired,  composition  of,  vi.  947 
estimation  of  O  in,  vi.  948 
estimation  of  COj  in,  vi.  948 
organic  matter  in,  ii.  479 
floating  particles  in,  i.  156 
impurities  in,  i.  154 
inspired,  composition  of,  vi.  947 
interchange    of    gases    between 

blood  and,  vi.  949 
liquefaction  of,  i.  150 
of  house,  examination  of,  iv.  768 
renewal  of,  in  pulmonary  alve- 
oli, vi.  946 
required     in     hospital    wards, 
schoolrooms,  barracks,  etc. ,  ii. 
661 
residual,  in  respiration,  vi.  947 
sewer,  i.  158 

tidal,  in  respiration,  vi.  947 
vitiated,  influence  of,  on  human 
life,  vi.  159 
relation  of,  to  consumption, 
iii.  265 
want  of  respirable,  as  a  cause  of 
asphyxia,  i.  576 
Air  calorimeter,  ii.  562 
Air  currents  in  steamships,  vi.  156 
Air  cushion  of  use  in  bedsores,  i. 

741 
Air  cysts,  iii.  349 
Air  embolism,  iii.  790 ;  viii.  241 
Air  gas,  ii.  664 

Air  passages,  foreign  bodies  in,  i. 
158 
obstruction  of,  a  cause  of  dysp- 
noea, iii.  578 
Air  pressure,  i.  147 
Air  sacs,  v.  580 
Air  spaces  of  lung,  v.  579 
Airol,  iii.  425 
Aix-les-bains,  i.  161 
Aix-la-Chapelle,  i.  1 
Ajaccio,  i.  163 
Ajava,  i.  163 
Ajowan,  i.  163 
Ajuga,  V.  379 

cliamaepitys,  ii.  516 
reptans,  ii.  516 
Akinesia  algera,  i.  163 
Akouphone,  iii.  634 
Alabama,  history  of  yellow  fever 
in,  viii.  587,  589 
requirements  for  medical  prac- 
tice in,  iv.  48 
Alant  camphor,  iii.  743 
Alantic  acid,  iii.  742 
Ala  of  nose,  malformations  of,  vi. 
123 
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Alaska,  viii.  348 
Alassio,  i.  164 
Alban,  iv.  456 

Albarran's  cystoscope,  iii.  345 
Albinism,  i.   165;  v.  218;  vi.  635, 
vii.  717 

iris  in,  v.  218 

partial,  i.  166;  vi.  635 

universal,  vi.  635 
Albinism.us,  i.  165 
Albugo  Candida,  iv.  279 
Albumin  as  a  food,  i.  176 

as  an  antidote,  i.  371 

in  normal  urine,  v.  318 

iodatum,  iii.  730 

water,  how  to  make,  iii.  455 
Albuminate  of  iron,  v.  329 
Albuminoid      degeneration      of 

bronchial  glands,  v.  588 
Albuminous  degeneration,  i.  268 ; 
iii.  394 

of  the  neurones,  vi.  362 
Albumins  in    milk,   determination 
of,  v.  828 

of  plasma,  ii.  35 
Albuminuria,  viii.  30 

in  insanity,  v.  39 

neonatorum,  vi.  379 

of  pregnancy,  iv.  345;  v.  380 

relation  of,  to  formation  of  cal- 
culi, iii.  232 

retinitis  in,  vi.  956 
Albumoses  in  urine,  viii.  33 
Albumosuria  in  insanity,  v.  40 

in  myelomatous  conditions,  vi.  73 
Alburgii  Springs,  i.  166 
Alcohol,  i.  166 

absolute,  i.  167 

amylic,  i.  169 

as  a  beverage  for  soldiers,  v.  805 

as  a  cardiac  stimulant,  ii.  693 

as  a  cause  of  insanity,  ii.  605;  v. 
34 

as  a  food,  i.  177 

as  a  germicide,  iv.  330 

as  a  hardening  fluid,  ii.  333 

carbonated,  i.  167 

death  from,  i.  665 

deodorated,  i.  167 

diaphoretic  action  of,  iii.  433 

effect  of,  on  foetus,  vi.  279 

ethylic,  i.  166 

headache  from  use  of,  iv.  548 

idiosyncrasy  for,  iv.  842 

in  diabetes  mellitus,  iii.  431 

injections  of,  for  inoperable  can- 
cer, ii.  644 

methylic,  i.  169;  v.  780 

physiological  action  of,  v.  684 

tertiary  amyl,  i.  367 

wood,  i.  169;  v.  780 
Alcoholic    stimulants    as    diges- 
tants,  iii.  469 

hypodermatic  use  of,  iv.  881 
Alcoholism,  v.  81 

among  troops,  ii.  603 

as  a  cause  of  insanity,  v.  38 

influence    of,   on    military  efH- 
ciency,  ii.  604 
Aldehyde,  i.  169 

acetic,  i.  169 
Alder,  i.  170 

black,  i.  170 

brook,  i.  170 

tag,  i.  170 
Ale,  i.  169 
Aleppo  boil,  i.  170 
Aletris,  i.  170 


Aleurobius  farinae,  i.  434 
Alexander's  operation  for  sliorten- 

ing  the  round  ligaments,,  viii.  84 
Alexins,  iii.  844;  iv.  844 
Algiers,  i.  170 
Alhambra  Springs,  i.  173 
Alhuelican  Spring,  i.  173 
Alicante,  i.  173 
Alienation,   mental,   v.    25.     See 

also  Insanity 
Aliment,  i.  173 
Alimentary  canal,  i.  179 

cysts  of,  iii.  350  * 

development  of,  i.  179 

in  childhood,  ii.  830 
Alimentation,  gastric,  forcible,  iv. 
139 

rectal,  i.  185 
Alkalies,  i.  186 

as  caustics,  ii.  757 

as  digestants,  iii.  471 

as  expectorants,  iv.  50 

burns  from,  ii.  519 

in  bites  and  stings,  i.  187 

in  burns,  i.  187 

mineral,  toxicology  of,  v.  844 
Alkaline   Springs,  American  and 

European,  v.  846 
Alkalinity  of  blood,  ii.  24 

Engel's  apparatus  for  testing,  ii. 
68 
Alkaloids,  animal,  or  ptomalns,  vi. 
788 

cinchona,  iii.  89,  93 

Dragendorff's  method  of  analyz- 
ing, vi.  722 

drugs  depending  upon,  for  activ- 
ity, i.  104 

in  plants,  i.  103 

mydriatic,  i.  610 

vegetable,  as  food,  i.  177 
Alkanet,  i.  187 
Alkanna  red,  i.  187 

tinctoria,  i.  187 
Alkannin,  i.  187 
Alkaptonuria,  viii.  47 
AUantoin  in  urine,  viii.  37 
AUantois,  i.  187 

evolution  of,  i.  223 
Alleghany  Springs,  i.  191 
Allen  Springs,  i.  191 
Alligator  pear,  i.  191 
AUis'  inhaler,  iii.  15 

method  of  reducing  dislocation 
of  hip.  iii.  535 
Allium  sativum,  iv.  308 
Allorrhythmia,  iv.  599 ;  vi.  801 
AUouez  Mineral  Springs,  i.  192 
AUoxuric  bases  in  urine,  viii.  36 
Allspice,  i.  192 
AUyl  -  sulpho  -  carbamide.      See 

T  hiosinamine 
AUyl  tribromide,  i.  192 
Almen's  test  for  blood  pigment  in 

the  urine,  viii.  33 
Almonds,  bitter  and  sweet,  i.  193 

bitter,  poisoning  by,  iv.  785 
Alnus,  i.  170 
Aloe  Barbadensis,  i.  193 

Oapensis,  i.  194 

Natalensis,  i.  195 

purificata,  i.  195 

Socotrina,  i.  194 

vera,  i.  193 
Aloes,  i.  193 

as  a  laxative,  v.  470 

as  a  purgative,  vi.  809 
Alopecia,  i.  194 

1^1 
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Alopecia  areata,  i.  198 

diagnosis  of,  from  folliculi- 
tis decalvans,  iv.  161 

congenita,  i.  195 

destructiva,  i.  201 

dynamica,  i.  201 

neurotica,  i.  201 

pityroides,  i.  195 

universalis,  i.  197 

prematura,  i.  195 

presenilis,  i.  195 

senilis,  i.  195 

simplex,  1.  198 

toxica,  i.  201 
Alpena      Magnetic      Sulphur 

Springs,  i.  201 
Alpha-eigon,  iii.  730 
Alpha-eigon-sodium,  iii.  730 
Alpha-eucaine,  viii.  494 
Alpha-homochelidionine,  ii.  760 
Alpha-naphtol,  vi.  100 
Alpha-picrasmin,  vi.  826 
Alpha-toluic  acid,  vi,  609 
Alphabet,  physiological,  v.  455 
Alpha  rays,  viii.  549 
Alpinia  of&cinarum,  iv.  288 
Alps,  i.  202 

Alsidium  helminthocorton,  vi.  1 
Alstonia  constricta,  iii.  543 

scholaris,  iii.  542 
Alteratives,  i.  202 

in  insanity,  v.  72 
Althaea  officinalis,  v.  694 

rosea,  v.  686 
Altitudes,  high,  i.  202 

cases  suitable  for,  i.  205 ;  iii.  354 

climate  influenced  by,  iii.  138 

effect  of,  on  health,  i.  203;  ii.  27; 
vi.  323 

influence  of  upon  the  menopause, 
ii.  798 
Alum,  i.  207 

as  an  emetic,  iii.  812 

curd,  i.  207 

in  baking  powder,  detection  of, 
iv.  180 

in  cream  of  tartar,  detection  of, 
iv.  181 

in  vyater,  viii.  290 

poisoning  by,  i.  206 

whey,  i.  207 
Alumen,  i.  207 
Aluminum,  i.  206 

hydroxid,  i.  206 

potassio-sulphate,  i.  207 

salicylate,  vii.  17 

sulphate,  i.  207 
Alumnol,  i.  207 
Alum  Bock  Springs,  1.  206 
Alum  root,  i.  206 
Alvelos,  i.  207 
Alveloz,  i.  207 

Alveolar  abscess,  v.  248;   vii.  660; 
viii.  582 

index,  vii.  231 

point,  vii.  229 
Alveolar  sarcoma,  vii.  38 
Alveolus,  fracture  of,  vii.  663 
Alypin,  viii.  350 
Amacrine  cells,  iv.  80 
Amanita  muscaria,  iv.  288 

phalloides,  iv.  383 
Amanitopsis  vaginata,  iv.  283 
Amaranth,  iii.  277 
Amaroids  in  plants,  i.  103 
Ama,ryllidace8e,  i.  207 
Amaurosis,  ii.  6.     See  also  Blind- 


Amaurosis,  uraemic,  vi.  957 
Amazia,  ii.  464,  471 
Amber,  i.  208 

gray,  i.  208 
Ambergris,  i.  208 
Ambler  Springs,  i.  208 
Amblyomma  americanum,  i.  436 
Amblyopia  ex  anopsia,  ii.  13;  vii. 
531 

hysterical,  ii.  13 
Amboceptor,  viii.  471 
Ambos,  i.  617 
Ambrein,  i.  208 
Ambrosia,  vi.  835;  viii.  315 
Ambulance  ship  Solace,  vi.  186 

surgeon,  i.  212 
Ambulances,  civil,  i.  207 

in  war,  i.  479;  vii.  851 
Ambulatory  treatment  in   fract- 
ures, iv.  256 
Am§,  iv.  7 

Amenorrhoea,  i.  213;  v.  742 
American    Carlsbad    Springs,  i. 

214 
American  valerian,  iii.  340 
Americanus  Mineral  Well,  i.  214 
Ametropia,  i.  56,  593;  iv.  92 
Amido-acet-para-phenetidin,  vi. 

607 
Amido  acids,  i.  68 ;  vi.  787 

in  urine,  viii.  33 
Amidobenzene,  i.  357 
Amidostearic  acid,  vi.  788 
Aminoform,  iv.  246;  viii.  60 
Amitosis,  ii.  764 
Ammonia,  i.  214,  215 

albuminoid,  free,  in  water,  viii. 
288 

aromatic  spirit  of,  i.  215 

as  a  cardiac  stimulant,  ii.  694 

as  a  germicide,  iv.  331 

as  an  antidote,  i.  372 

as  a  vesicant,  iii.  304 

in  urine,  viii.  56 

liniment  of,  i.  215 

muriate  of,  iii.  4 

spirit  of,  i.  215 

stronger  water  of,  i.  215 

toxicology  of,  i.  216,  663 

water  of,  i.  215 
Ammoniac,  gum,  i.  317 

plaster,  i.  218 
Ammoniated  glycyrrhizin,  v.  518 

mercury,  v.  755 

tincture  of  guaiac,  iv.  423 
Ammonii    carbonas  as  an  expec- 
torant, iv.  50 
Ammonio-ferric  citrate,  v.  226 

sulphate,  v.  228 

tartrate,  v.  226 
Ammonio-formaldehyde,  iv.  246; 

viii.  60.     See  also  Urotropin 
A  m  m  o  n  i  o-magnesium    p  h  o  s- 

phate,  calculi  of,  iii.  235 
Ammonio  -  phenylacetamid,     vi. 

607 
Ammonium  acetate,  i.  216 

benzoate,  i.  745 

bromide,  ii.  485 

carbonate,  i.  316;  iv.  50 

chloral,  ii.  838 

chloride  as  an  expectorant,  iv. 
50 
as  a  germicide,  iv.  331 
therapeutic  uses  of,  iii.  4 

ichthyol-sulphonate,  Iv.  835 

iodide,  v.  203 

nitrate  of,  i.  216 


Ammonium  persulphate,  vi.  574 

picrate,  vi.  633 

salts  of,  i.  214 

sulphate  as  a  germicide,  iv.  331 
Ammonol,  i.  218 

salicylate,  i.  218 
Amnesia  i.  415 ;  iii.  261.     See  also 
Aphasia 

in  insanity,  v.  47 
Amnion,  i.  218;  viii.  4 

abnormalities  of,  i.  224 

anatomy  and  histology  of,  i.  333 

development  of,  i.  218 

pathology  of,  i.  225 ;  Iii.  349 
Amniotic  bands  and  adhesions, 
i.  227 

a  cause  of   malformations,    vii. 
671 
Amniotic  fluid,  i.  324 
Amuiotitis,  i.  226 
Amoeba,  viii.  637 

buccalis,  i.  a33;  viii.  640 

coli,  i   227;  viii.  637 

dcntalis,  i.  233;  viii.  640 

gingivalis,  i.  233;  viii.  640 

Kartiilisi,  viii.  640 

IMiurai,  viii.  639 

of  dysentery,  iii.  569;   viii.  638, 
639 

oris  hominis,  i.  233 

pulmonalis,  viii.  640 

urou;enitalis,  i.  233;  viii.  640 
Amoebae,  pathogenic,  i.  327 ;  viii.  638 
Amoebina,  viii.  637 
Amoeboid  movement  of  cells,  ii 

763;  iii,  268 
Amorphus,  vii.  679 
Amotio  retinae,  vi.  959   ' 
Amphiarthroses,  i.  553 
Amphioxus,  gastrula  of,  iv.  311 
Amphistomiim  hominis,  vii.  865 
Amphoric  resonance,  ii.  816 

respiration,  ii.  818 
Amputation,  i.  333 

above  the  shoulder-joint,  i.  163 

after-treatment,  i.  244 

age  affecting  mortality,  i.  347 

aneurismal    varix  following,   i. 
345 

at  ankle,  i.  358 

at  elbow,  i.  351 

at  hip-joint,  i.  264;  v.  384 

at  knee,  i.  361 

at  shoulder,  i,  253 

at  wrist,  i.  250 

chorea  of  the  stump  after,  i.  246 

circular  method,  i.  240 

comparison  of  methods  of,  i.  243 

complications  of,  i.  245 

congenital,  vii.  715 

contraindications  to,  i.  235 

definition  of,  i.  233 

double  incision,  circular  method, 
i.  240 

flap  method,  i.  343 

for  bone  disease,  i.  237 

for  burns,  i.  235 

for  cicatricial  contractions,  i.  237 

for  compound  dislocation,  i.  236 

for  compound  fracture,  i.  236 

for  deformities,  i.  237 

for  disease,  i  237 

for  gangrene,  i.  237 

for  gunshot  wounds,  i.  236 

for  inflammation,  i.  337 

for  injuries,  i.  335 

for  lacerated  wounds,  i.  235 

for  tetanus,  i.  336 


738 


GENERAL  INDEX. 


Amputation  for  tumors,  i.  337 
for  ulcers,  i.  337 
for  wound  of  vessels  in  a  limb, 

i.  236 
hemorrhage  following,  i.  345 
historical  sketch  of,  i.  238 
in  case  of  phlegmon,  vi.  618 
indications  for,  i.  385 
individual,  i.  249 
in  fractures,  iv.  257 
instruments  necessary  for,  i.  238 
intermediary,  i.  338 
interscapulo-thoracic,  i.  354 
ligation  of  vessels  in,  i.  243 
medio-tarsal,  i.  257 
methods  of,  i.  240 
mortality  following,  i.  346 
multiple,  mortality  after,  i.  248 
musculo-tegumentary    flaps,    i. 

343 
nature  of  lesion  affecting  mortal- 
ity, i.  347 
neuralgia  in  the  stump  after,  i. 

346 
of  arm,  i.  253 
of  cervix  uteri,  viii.  67 
of  fingers,  i.  349 
of  foot,  i.  255 
of  forearm,  i.  351 
of  hand,  i.  250 
of  leg,  i.  260 
of  penis,  vii.  178 
of  thigh,  i.  263 
of  thumb,  i.  250 
of  toes,  i.  355 
of  uvula,  viii.  108 
oval  method,  i.  241 
osteomyelitis  following,  i.  245 
periostitis  following,  i.  245 
preparations  for,  i.  238 
prevention  of  hemorrhage  in,  i. 

245 
primary,  i.  238 
prognosis  of.  i.  246 
rectanglar  flap,  i.  243 
seat  of  operation  afEecting  mor- 
tality, i.  147 
secondary,  i.  238 
single  incision,  circular  method, 

l  240 
spontaneous,  vii.  715 
subastragaloid,  i.  257 
supracondyloid.  of  leg,  i.  263 
tarso-metatarsal,  i.  256 
tegumentary  flaps,  i.  342 
the  stump  after,  i.  244,  245 
through  metatarsus,  i.  255 
time  for,  i.  337 
transcondyloid,  of  leg,  i.  263 
Amputations,  i.  233 
Amyelus,  vii.  695 
Amygdala  amara,  i.  192 

dulcis,  i.  192 
AmygdalBe,  vii.  809,  and  see  Tonsils 
Amygdalin,  i.  267 
Amygdaloliths,  iii.  233 
Amygdophenin,  i.  267   . 
Amyl  iodide,  i.  267 

nitrite,  vi,  391  .     . 

in  chloroform  anaesthesia,  i. 
294 
valerianate,  i.  267 
Amylene,  i.  267 

as  an  anaesthetic,  i.  293 
chloral,  i.  367 
hydrate,  i.  367 

as  a  hypnotic,  iv.  817 


Alopecia, 
Anemone, 


Amylodeztrii 
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Amyloform,  i.  268;  iv.  246 
Amyloid,  i.  268 
Amyloid  bodies,  iii.  328 
concretions,  iii.  228 
degeneration,  i.  268;  iii.  396 
disease  in  veins,  viii.  309 
of  the  kidneys,  v.  831 
of  the  lymph  nodes,  v.  660 
of  muscle,  vi.  39 
of  the  omentum,  vi.  859 
infiltration  of  the  pancreas,   vi. 
464 
Amylolytic  enzymes,  iii.  842 
Amylopsin,  iii.  474;  vi.  468,  479 
Amylum,  vii.  439 
Amyotrophic    lateral    sclerosis, 

vi.  66;  vii.  351 
Anabolism,  i.  757 ;  ii.  763 ;  v.  762 
Anacardiaceee,  i.  371 
Anacardic  acid,  ii.  707. 
Anacardium,  East  Indian,  ii.  707 
occidentale,  ii.  707;  vi.  698 
semecarpus,  ii.  707 
Anacyclus  pyrethrum,  vi.  522 

officinarum,  vi.  522 
Aneemia,  acute,  i.  378 

as  a  cause  of  insanity,  v.  38 

brickmakers',  vi.  230 

chronic,  i.  279 

diagnosis  of,  from  purpura, v.862 

diet  in,  iii.  460 

effect  of  iron  in,  v,  321 

general,  vi.  355 

hsemolymph  glands  in,  iv.  471 

idiopathic,  i.  271 

infantum  pseudoleukEemica,  vi. 

773 
in  pregnancy,  iv.  846 
iron  in,  v.  339 
local,   production  of,  to  reduce 

sensitiveness,  i.  387 
lymphatica,  iv.  728 
miners',  vi.  230 
of  brain,  ii.  223 
of  chorion,  iii.  53 
of  pituitary  gland,  vi.  640 
of  retina,  vi.  954 
of  striated  muscles,  vi.  36 
pathology  of,  i.  378;  iii.  121 
pernicious,  i.  271 

an  auto-intoxication,  i.  644 
secondary,  i.  278;  ii.  531 
splenic,  iv.  738;  vii.  428 
Von  Jaksch's,  vi._773 
Anaemias,  table  of,  ii.  61 
Aneemic  infarction,  iv.  868 
Anaerobes,  i.  679 

facultative,  i.  679 
Anaerobic  bacteria,  cultivation  of, 

viii.  438 
Ansesthesia  aTid  analgesia,  i.  283^ 
by  scopolaminc-morphine,    viii. 

353 
disseminated,  i.  383 
electric,  viii.  350 
from  intracranial  lesion,  i.  385 
from  spinal-cord  lesion,  i.  284 
gastric,  i.  384 
glosso-pbaryngeal,  i.  284 
history  of,  i.  3110^ 
in  hysteria,  i.  283 
in  neuritis,  i.  284 
in  Kaynui-d's  disease,  i.  384 
local  (surgical),  i.  386,  289 
of  larynx,  v.  428 
of  pharynx,  i.  283;  vi.  604 
phenomena  of,  i.  298 
rectal  etherization,  viii.  853 


Anaesthesia,  segmental,  i.  383 

spinal,  vii.  291,  340;  viii.  3.j4 

trigeminal,  i.  283 
Anaesthesias  in  insanity,  v.  51 
Anaesthetic,  how  action  of,  differs 

from  that  of  an  anodyne,  i.  361 
Anaesthetic  mixtures,  i.  292;  iii.  14 
Anaesthetics,  general,  i.  290 

administration  of,  i.  293 ;  iii.  9 

after-effects  of,  iii.  34 

choice  of,  iii.  9 

dangers  of,  iii,  31 

death  in,  due  to  status  lymphati- 
cus,  vii.  449 

effect  of,  upon  circulation,  i,  295 
upon  electrotonu.'i,  iii.  775 
upon  nerves,  vi.  333 
upon  respiration,  i.  395 
upon  uterus,  v.  388 

in  bram  surgery,  ii.  406 

in  gynecology,  iv.  457 

in  hysteria,  iv.  833 

in  obstetrics,  iii.  11;  v.  388 

in  ovariotomy,  vi.  443 

physiological  action  of,  i.  394 

preparation  of  patients  for,  iii,  11 

relative  safety  of,  iii.  9,  34 
Ansesthol,  i.  300 
Anakhre,  iv.  638 
Analgesia,  definition  of,  i.  283 

in  insanity,  v.  51 
Analgesics,  i.  361 
Analgesin,  i.  379 
Analgic  panaritium,  v.  865 
Analyzer,  vi.  729 
Anamirta  cocculus,  vi.  633 

paniculata,  iii.  162;  vi.  633 
Anaphases,  ii.  764 
Anaphrodisiacs,  i.  300 
Anaphylaxis,  viii.  354 
Anaplasia,  i.  300 
Anaplasty,  i.  300 
Anarcotine,  vi.  101 
Anasarca,  iii.  134 

neonatorum,  vi.  279 
Anastomosis   of  arterial  branches 
about  the  elbow,  iii.  735 

of  intestine,  lateral,  v.  178 

termino-terminal.  viii.  454 

venous,  of  cranium,  iv,  534 

Anatomy,  comparative,  witness  of, 

to  man's  ancestry,  iv.  39 

history  of,  i.  300 

surgical,  of  the  mastoid,  iii.  694 
Anchylosis,  i.  359.     See  also  Anky- 
losis 
Anchylostoma,  vi.  230 

duodenale,  vi.  321 
Anchylostomiasis,  vi.  330,  320 
Anchylostomum    duodenale,   vi. 

331 
Anconeus  muscle,  iv.  242 ;  anoma- 
lies of,  vi.  53 
Anderson  Mineral  Sp^rings,  i.  820 
Anderson  process   of  purification 

of  water,  viii,  383 
Andromedotoxin,  vi.  707 
Andropogon,  iii.  136;  vii.  548 

nardus,  iii.  136 

sorghum,  vii.  548 
Anelectrotonus,  iii.  767.     See  also 

Electrotonvs 
Anel's  method  of  treating  aneur- 
isms, i.  338 
Anemo-calorimeter  of  D'Arsonval, 

ii.  563 
Anemone  camphor,  vi.  797 
nemorosa,  vi.  797 

Y39 
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Anemone  pratensis,  vi.  798 

Pulsatilla,  vi.  796 
Anesin,  i.  821 

Aneson,  or  chloretoue,  as  a  local  an- 
ajsthetic,  i.  288,  321 
as  a  hypnotic,  i.  321 
Anethol,  i.  358 
Anethum  graveolens,  iii.  479 
Aneurism,  i.  821 

abdominal,  i.  336;  iii.  197 
active  clot  in,  i.  333 
amputation  in,  i.  236 
and  branchial  cyst,  differential 

diagnosis  of,  ii.  459 
arteriovenous,  i.  334 

treatment  of,  i.  335 
bj^  anastomosis,  i.  335 ;  vi.  403 
cardiac,  iv.  580 

dissecting,  iv.  581 
cirsoid,  i.  335,  470 
classification,  i.  321 
consecutive,  i.  322 
cure  of,  by  blood-clot,  i.  333 
diffused,  i.  322 
dissecting,  i.  336 
electro-therapeutics  in  the  treat- 
ment of,  iii.  767 
encysted,  i.  322 
causes,  i.  324 
composition  of  wall  of,  i.  322 

(Fig.) 
diagnosis,  i.  326 
direction  of  grovyth  of,  i.  323 
prognosis  of,  i.  326 
symptoms  and   progress,  i. 

324 
treatment,  i.  326 
external,  i.  821 
false,  i.  321 
fusiform,  i.  321 
internal,  i.  321 
medical,  i,  321 
kyphosis  due  to,  v.  378 
of  aorta,  i.  35,  343,  409;  ii.  825 
of  arteries  of  brain,  ii."227,  450 
of  coronary  arteries,  iv.  580 
of  heart  walls,  iv.  581 
of  innominate  artery,  i.  344 
of  the  arch  of  the  aorta,  i.  343 
of  the  ascending  aorta,  i.  343 
of  the  descending  aorta,  i,  344 
of  the  heart,  iv.  580 
of  the  root  of  aorta,  i.  343 
of  the   transverse  arch  of    the 

aorta,  i.  343 
of  the  vertebral  artery,  vi.  196 
of  valves  of  the  heart,  iv.  582 
orbital,  vi.  402 
pulse  in,  vi.  805 
racemose,  i.  285 
renal,  v.  361 
retinal,  vi.  955 
spontaneou.3,  i.  323 
surgical,  i.  321 
thoracic,  i.  339 
traumatic,  i.  333 
treatment  of,  i.  327 

by  Anel's  method,  1.  328 
by  coagulating  iniections,  i. 

332 
by  compression  of  the  artery, 

i.  330 
by  distal  ligature,  i.  332 
by  elastic  pressure,  i.  331 
by  flexion  of  limb,  i.  331 
by  galvano-puncture,  i.  334 
by  introduction  of  solid  bod- 
ies, i.  333 


Aneurism,  treatment  cf,  by  manip- 
ulation, i.  332 
by  Matas's  method,  viii.  363 
by  metallic  suture,  i.  310 
by  Moore's  method,  i.  333 
by  needling,  i.  883 
by  the  Hunterian  mathod,  i. 

338 
by  the  metliod  of  Antyllus, 
i.  307 

true,  i.  821 

valvular,  of  the  heart,  iv.  583 

varicose,  i.  334 
Aneurism,  abdominal,  i.  836 

differential  diagnosis,  i.  888 

etiology,  i.  336 

exciting  causes,  i.  336 

morbid  anatomy,  i.  836 

physical  signs,  i.  337 

predisposing  causes,  i.  336 

prognosis,  i.  338 

symptoms,  i.  337 

treatment,  i.  339 
Aneurism,  thoracic,  i.  839 

alterations  of  voice  in,  i.  840 

diagnosis,  i.  344 

difference  in  size  of  pupils  in,  i. 
341 

dysphagia  in,  i.  340 

dyspnoBa  in,  i.  389 

emaciation,  i.  341 

engorgement  of    vena  cava,   i. 
340 

etiology,  i.  339 

galvano-puncture  in,  i.  347 

pain  in,  i.  339 

pathology,  i.  339 

physical  signs  of,  i.  341 

prognosis,  i.  345 

rupture  of,  i.  341 

stridor  in,  i.  340 

symptoms,  i.  389 

treatment,  i.  346 
Aneurismal  bruit,  i.  324 

diathesis,  i.  324 

dilatation,  i.  821 

varix,  i.  321, .334 
Angeiitis,  ii.  96 

exudative,  ii.  98 

productive,  ii.  98 

suppurative,  ii.  97 
Angeioma.     See  Angioma. 
Angelic  acid,  i.  348 
Angelica,  i.  347 
Angina,  croupous,  benign,  vi.  591 

infectious  submaxillary,  vi.  593 

Lud wig's,  vi.  593,  614;  viii.  581 

pectoris,  vi.  248;  iv.  600 
Angioblasts,  erythrocytes  formed 

from,  ii.  18 
Angiokeratoma,  i.  348 
Angioma,  i.  350 

and   branchial  cyst,  differential 
diagnosis  of,  ii.  460 

infective,  i.  353 

of  auditory  canal,  external,  iii. 
668 

of  auricle,  iii.  608,  666 

of  eyelids,  iv.  106 

of  hands  and  fingers,  iv.  501 

of  intestine,  v.  189 

of  kidney,  v.  323 

of  larynx,  v.  488 

of  middle  ear,  iii.  668 

of  nose,  vi.  138 

of  orbit,  iv,  114;  vi.  405 

of  periosteum,  vi.  569 

of  pharynx,  vi.  604 


Angioma  of  tonsil,  vii.  632 
of  urethra,  i.  7'J'O 
serpiginosum,  i.  353 
Angioneurotic  oedema,  i.  354;  viii 

63 
Angiosarcoma  of  peritoneum,  vi. 

570 
Angiosclerosis,  ii.  100 
Angiostomidse,  vi.  208 
Angle,  metre,  i.  583 
Anglesey  leg,  v.  513 
Anguillula  aceti,  vi.  307,  502 
intestinalis,  vi.  308 
leptodera,  vi.  307 
stercoralis,  vi.  308 
Anguillulidae,  vi.  307 
Angular  kyphosis,  ii.  809 
Angustura,  i.  357 
Angusturin,  i.  357 
Anhalonidine,  v.  761 
Anhalonine,  v.  761 
Anhalonium,  v.  761 
Anhydrsemia,  vi.  355 
Anhydrotics,  i.  388 
Anidrosis,  i.  357 
Aniline,  i.  857 
dyes,  viii.  395 

water,  preparation  of,  viii.  396 
Anilpyrine,  i.  357 
Animal  calorimetry,  ii.  557 
coloring  matters,  iii.  333 
food  supply,  viii.  324 
heat,  ii.  558 
holder,  Latapie's,  viii.  393 

Voge's,  viii.  893 
irritants,  iii.  425 
matter,  regulations  for  keeping, 

vi.  331 
organisms,  food  of,  i.  178 
parasites  in  lymph  nodes,  v.  660 
Animals  and  plants,  points  of  agree- 
ment between,  i.  758 
anthrax  in,  viii.  281 
autopsy  of  infected,  viii.  394 
bubonic  plague  in,  ii.  507 
coloring  matters  in,  iii.  323 
diseased,  cause  of  unwholesome 

milk,  V.  835 
diseases  of,  influence  of,  on  hu- 
man pathology,  viii.  226 
effects  of  castration  on  male,  ii. 

710 
glanders  in,  viii.  232 
influence  of  climate  on,  iii.  147 
inoculation  of,  viii.  393 
live,  keeping  of,  regulations  for, 

vi.  331 
observation  of  infected,  viii.  894 
protection    of,    from    infectious 
diseases,  viii.  325 
of  mankind  from  communi- 
cable diseases  and   para- 
sites of,  viii.  325 
rabies  of,  viii.  229 
slaughter  of,  laws  and  regula- 
tions relating  to,  v.  724 
tapeworms  of,  in  relation  to  pub 

lie  Health,  viii.  283 
tuberculosis  of,  viii.  226 
used  as  food,  diseases  of,  v.  726 
Animation,  suspended,  i.  559 
Animi,  iii.  278 
Animism,  ii.  399;  iv.  645 
Anions,  viii.  414 
Aniridia,  v.  317 
Anise,  i.  357 
oil  of,  i.  358 
star,  i.  358 
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Anemone, 
Anus. 


Anisometropia,  i.  58 
Ankle,  amputation  at,  i.  258 
bursas  of,  ii.  526 
drainage  of,  v.  394 
resection  of,  vi.  931 
sprain  of,  iii.  374;  v.  391 
Ankle  clonus,  vi.  874 
Ankle-joint,  i.  858 

dislocations  of,  iii.  529 
functional  affections  of,  v.  375 
synovitis  of,  v.  375,  288 
tuberculosis  of,  v.  275 
Ankyloblepliaron,  vii.  699 
Ankylosis,  i.  359,  465 

following  sprains,  v.  393 
of  hand,  iv.  516 
of  jaw,  v.  358 
of  patella,  vi.  518 
of  sacrococcygeal  joint,  vi.  528 
of  wrist,  iv.  513 
Annatto,  i.  861 

in  milk,  detection  of,  v.  840 
Annidalin,  i.  449 
Annulus  ovalis,  iv.  568 
tendinosus,  Iii.  583 
tympanicus,  i.  635 
Anodyne,  chloroform,  i.  361 ;  iii.  7 

Hoffman's,  i.  361 ;  iv.  13 
Anodynes,  i.  361 
Anona,  i.  862 
Anonacese,  i.  363 
Anomalies,     congenital,     of     the 
choroid,  iii.  63 
of  the  vitreous,  viii.  365 
inheritance  of,  iv.  660 
of  adrenals,  vii.  566 
of  arteries,  i.  535 
of  iris,  v.  316 
of  kidney,  v.  810,  319 
of  muscles,  vi.  43 
of  thoracic  duct,  vii.  745 
of  veins,  viii.  308 
Anonychia,  iv.  510 ;  vi.  93 
Anopheles,  v.  163,  866 

maculipennis,  v.  163,  867,  871 
punctipennis,  v.  867 
Anophthalmus,  vii.  699 
Anorchism,  vii.  179 
Anorexia,  vii.  493 

in    pulmonary  tuberculosis,    v. 

605 
nervosa,  vii.  504 
Anosmia  intracranialis,  vi.  131 

nasalis,  vi.  131 
Antacids,  i.  186 
Anteflexion  of  uterus,  viii.  80 
Ante-mortem  blood  clot,  iv.  614 
Anterior  crural  neuralgia,  vi.  347 
Anterior  jugular  veins,  anomalies 

of,  viii.  303 
Anthelmintics,  i   363 
Anthemis  cotula,  ii.  795 
nobilis,  ii.  795 
pyrethrum,  vi.  522 
Anthemol,  ii.  795 
Anthoxanthum  odoratum,  iii.  338 
Anthracsemia,  i.  363,  366 
Anthracin,  ptomai'n,  vi.  791 
Anthracosis,  v.  594 ;  vi.  635 ;  viii.  366 
Anthraquinones,  ii.  515 
Anthrarobin,  i.  368 
Anthrax,  ii.  363 

among  cattle,  detection  of,  v.  7db 
bacteriology  of,  i.  365,712;  vin. 

441 
in  animals,  vin.  231 

a    cause    of     unwholesome 
milk,  V.  836 


Anthrax  in  new-born,  vi.  279 
pulmonary,  i.  366 
serum  therapy  in,  vii.  133 
Anthropometry.      See    Mecruiting 

service 
Anthropomorphism,  ii.  299 
Anthropotoxins  in  air,  vi.  159 
Antiarthrin,  i.  370 
Anti-autolysin,  viii.  535 
Anti-complement,  viii.  535 
Antidiabetinum,  i.  870 
Antidotes,  i.  370 
chemical,  i.  371 
dynamic,  i.  374 
inorganic  chemical,  i.  372 
mechanical,  i.  370 
organic  chemical,  i.  371 
physiological,  i.  S?74 
Antidyspeptic     and    Tonic 

Springs,  i.  374 
Antifebrin,  i.  68.     See  also  Aceta- 
nilid 
eilect  of,  on  body  temperature, 
ii.  570 
Antihsemolysin,  viii.  535 
Antihelix,  i.  637,  640 
Antiheterolysin,  viii.  535 
Anti-isolysin,  viii.  535 
Antikamnia,  i.  374 
Antimetropia,  i.  58 
Antimonial  po'wder,  i.  875 
Antimony,  i.  374 

and  potassium  tartrate,  i.  375 
as  an  emetic,  iii.  811 
as  an  expectorant,  iv.  49 
as  a  cause  of  food  poisoning,  iv. 

184 
butter  of,  i.  377 
crude,  i.  375 

diaphoretic  action  of,  iii.  433 
distribution  of,   in  body,   after 

absorption,  vi.  726 
effect  of,  upon  heart,  ii.  693 
oxide  of,  i.  374 
poisoning  by,  i.  876 
sulphide  of,  purified,  i.  375 
sulphurated,  i.  375 
terchloride,  i.  877 
wine  of,  i.  375 
Antinervin,  i.  377 
Antinosine,  v.  308 ;  vi.  396 
Antiperiodics,  i.  377 
Antiperistalsis   in  large  intestine, 

V.  172 
Antipyretic,  cold  as  an,  iii.  193 
Antipyretics,  relative  value  of  an- 
tipyrine,   phenacetin,  and  pheno- 
coll  as,  vi.  608 
Antipyrine,  1.  879 

action  of,  on  blood,  i.  380 
on  circulation,  i.  380 
on  respiration,  i.  380 
on  spinal  cord,  i.  381 
on  stomach,  i.  380 
comparative  value  of,  as  an  an- 
tipyretic, vi.  608 
compounds  of,  i.  379 
dosage  of,  i.  382 
drugs  incompatible  with,  i.  879 
effect  of,  on  body  temperature, 

ii.  570 
employment  of,  as  an  anaesthetic, 
"i.  381 
as  an  analgesic,  i.  381 
as  an  antiseptic,  i.  381 
in  eye  diseases,  i.  381 
in  uterine  affections,  i.  381 
to  control  hemorrhage,  1.  383 


Antipyrine,  relation  of,  to  phena- 
cetin, vi.  606 
solubility  of.  i.  379 
toxic  symptoms  of,  i.  380 
Antipyrin  benzoate,  i.  379 
Antirheumaticum,  i.  382 
Antiscorbutics,  ii.  620;  v.  803 
Antisepsin,  i.  382;  v.  853 
Antisepsis,  intravascular,  vii.  130 
Antiseptic,  pyoktaninasan,  vi.  817; 

solution,  vii.  765 
Antiseptics,  i.  882 

comparative  value  of  various,  i. 

383 
use  of,  in  dysentery,  iii.  574 
in  infantile  diarrhoea,  iii.  448 
in  obstetrics,  v.  379,  384 
Antiseptol,  i.  386;  v.  210 
Antispasmin,  i.  386 
Antispasmodics,  i.  387 
Antisudoriflcs,  i.  388 
Antithermin,  i.  388 ;  vi.  609 
Antitoxic  sera,  i.  388 
Antitoxin,  diphtheria,  i.  389;  iii. 
489 
administration  of,  in  croup,  iii. 

333 
paralysis  following  use  of,  vi. 

489 
testing  strength  of,  viii.  445 
Antitoxin  treatment  of  dysentery, 

iii.  575 
Antitoxin,  rabies,  vi.  831 
Antitoxin,  tetanus,  i.  890,  699 
Antitoxins,  nature  of, i.  388 ;  viii.  530 
persistence  of.  In  the  blood,  i.  889 
Antitragus,  variations  in,  i.  640 
Antitussin,  i.  391 
Anti-vaccination,  viii.  149 
Antivenene,  vi.  715 
Antrum,  mastoid,  vii.  236 
Antrum  of  Highmore,  vi.  104, 144  ; 
vii.  383;  viii.  340 
cystic-  disease  of,  v.  248 
effect  of  disease  of,  upon  orbit, 

vi.  408 
empyema  of,  vi.  144 
hydrops  of,  v.  248 
measurements  of,  viii.  240 
operations  for  disease  of,  vi.  144 
polypus  of,  V.  249 
suppuration  in,  v.  348;  vi.  144 
tubes  for  reaching,  from  nasal 
cavity,  vi.  146 
Ants,  V.  167 
,  Antyllus,  method  of,  for  treatmg 
aneurism,  i.  327 
Anuria,  viii.  28 
Anus,  abscess  of,  i.  394 

artificial,  iii.  205 ;  and  see  Colos- 
tomy 
atresia  of,  i.  604 ;  vii.  704 
cancer  of,  i.  398 
chancre,  i.  397 
chancroid,  i.  896 
condyloma  of,  i.  404 
eczema  of,  iii.  725 
excision  of,  i.  399 
fissure  of,  i.  395 
fistula  of,  i.  394 
hemorrhoids  of,  i.  391 
imperforate,  vii.  704 
lymphatics  of,  v.  635,  637 
malformations  of,  i.  604 
neuralgia  of,  i.  405;  vi.  348 
non-mixliguant  growths  of,  i.  403 
phlegmon  around,  vi.  616 
polypus  of,  i.  403 

Hi 
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Anus,  prolapse  of,  i.  392 

pruritus  of,  i.  405 

spasm  of  sphincter  of,  i.  405 

stricture  of,  1.  897 

surgery  of,  i.  391 

sypliilitic  ulceration,  i.  396 

ulceration  of,  i.  395 

vulvo-vaginal,  viii.  161 

vulvalis,  viii.  161 

vulvar,  viii.  161 
Anusol,  i.  405 

Anvil,  iii.  585.     Bee  also  Incus 
Anxiety  a  cause  of  insanity,  v.  32 
Any  tin,  i.  405 
Anytols,  i.  406 
Aorta,  i.  406 

aneurism  of,  iii.  580 

anomalies  of,  i.  407,  525 ;  ii.  93 

arch  of,  i.  406,  525 ;  ii.  94 

ascending,  i.  406 
stenosis,  vii.  707 
varieties,  i.  406 

cancer  of,  i.  389 

compression  of,  i.  536 

descending,  i.  408 
varieties,  i.  408 

diseases  of,  i.  409 

double,  ii.  94 

narrowing  of,  ii.  94 

obliteration  of,  ii.  94 

stricture  of,  i.  397 

structure  of,  i.  408 

syphilis  of,  ii.  107 
Aorta,  abdominal,  i.  408 

aneurism  of,  i.  35,  336 
Aorta,  thoracic,  i.  408;  vii.  750 

aneurism  of,  ii.  825 
Aortic  isthmus,  i.  407 

plexus,  vii.  .578 

regurgitation, vi.  804 

stenosis,  ii.  824;  iv.  604;  vi.  805 

valves,  iv.  571 

insufficiency  of,  ii.  824;  iv. 
603 
Aortitis,  i.  409;  ii.  96 
Apathy's  fluid,  iv.  709 
Ape  hand,  iv.  531 
Aperients,  v.  468.     See  also  Laxa- 
tives 
Apex  beat  of  heart,  iii.  106 
Aphakia,  i.  58 ;  iv.  803 
Aphasia,  i.  409 

and  cerebral  localization,  ii.  310 

articulatory  kinaesthetic,  i.  412 

associative,  i.  410 

ataxic,  i.  410 

auditory,  i.  410,  414 

classification  of,  i.  410 

cortical  motor,  i.  413 

epileptic,  iii.  845 

in  hemiplegia,  iv.  631 

motor,  i.  4l0,  413 

of  writing,  i.  410 

sensory,  i.  410,  413,  415 

subcortical  motor,  i.  412 

visual,  i.  410,  414 
Aphemia,  i.  410 
Aphidse,    partlienogenesis    amone, 

vi.  514 
Aphidse,  poisonous,  v.  168 
Aphrodisia,  i.  300 
Aphrodisiacs,  i.  430 
Aphthae,  viii.  580 
Bednar's,  viii.  580 
epizootic,  iv.  7;j3 
of  the  palate,  viii.  580 
of  the  vulva,  viii.  161 

vesicular,  iv.  733 

T42 


Aphthongia,  iv.  828 
Aphthous  fever,  iv.  784 
Apiol,  viii.  1 

Apis  melliflca,  iv.  738;  v.  168 
Apium  graveolens,  ii.  760;  viii.  1 

petroselinum,  viii.  1 
Aplasia,  i.  140,  606 

pilorum  propria,  i.  605 
Apneumatosis,  i.  597 
Apncea,  artificial  respiration  in,  i. 

559 
Apocodeine,  i.  430 
Apocynacese,  i.  430 

poisonous  varieties  of,  vi   694 
Apocynein,  i.  421 
Apocynin,  i.  421 

Apocynum     androssemifolium,     i. 
431 

cannabinum,  i.  431;  ii.  647;  vi. 
705 
as  a  diuretic,  iii.  545 
Apogamy,  iv.  33 
Apolysin,  v.  854 
Apomorphine,  i.  431 

as  an  emetic,  i.  370;  iii.  810 

as  an  expectorant,  iv.  49 

hypodermatic  use  of,  iv.  830 
Apoplectiform  attacks  as  a  symp- 
tom of  intracranial  tumor,  ii.  437 
Apoplexy,  ii.  241 

placental,  iii.  53,  888;  vi.  650 

spinal,  vii.  349 
Aporetin,  vi.  974 
Apostoli's    treatment  of    uterine 

diseases,  iii.  764 
Apparatus  for  compressing  air,  i. 
131 

orthopedic,  iv.  221,  333,  337 

prosthetic,  v.  513 
Appearance,  general,  in  life  insur- 
ance, V.  510 
Appendicitis,  i.  431 

application  of  cold  in,  iii.  195 

diet  in,  iii.  459 

left-sided,  i.  433 

leucocytosis  in,  v.  493 
Appendix    vermiformis,    abscess 
of,  i.  39 

anatomy  of,  i.  14,  183,  431 

bacteriology  of,  i.  433 

foreign  bodies  in,  i.  432 

hernia  of,  iv.  682 

histology  of,  v.  185 

measurements  of,  viii.  339 

topographical  anatomy  of,  i.  184 
Appetite,  altered,  vii.  494 

diminished,  vii.  493 

excessive,  vii.  494 

in  diseases  of  the  stomach,  vii. 
498 
Apple,  essence  of,  i.  367 

oil  of,  i.  267 
Apple,  May.     See  Podophyllum 
Apraxia,  i.  415 
Apus,  vii.  714 
Apyonim,  i.  438 
Aqua,  V.  740.     See  also  Water 

ammonioB,  i.  215 

as  an  expectorant,  iv.  50 
fortior,  i.  215 

anethi,  iii.  479 

chlori,  iii.  5 

chloioformi,  iii.  9 

creosoti,  iii.  328 

fuDniculi,  iv.  145 

fortis,  vi.  289 

hydrogenii  dioxidi,  iv.  786 

menthoe  piperita,  vi.  554 


Aqua  regia,  vi.  294 

ros88,  vi.  1000 

fortior,  vi.  1000 
Aquapuncture,  i.  105 
Aqueous  extract  of  aloes,  i.  194 

of  holarrhenia,  iv.  732 
Aquifoliacese,  i.  428 
Aracese,  i.  4^8 

poisonous  varieties  of,  vi.  694 
Arachidic  acid,  i.  68 
Arachnida,  i.  428 

in  nasal  cavities,  vi.  143 

poisonous,  V.  158 
Arachnoid,  the,  ii.  314 

cisternas  of,  ii.  316 
Aragalus,  poisonous,  vi.  708 
Aragon,  Baths  of,  i.  437 
Aralia  quinquefolium,  iv.  353 
Araliacese,  i.  438 
Aran-Duchenne  disease,  vi.  64 
Araneidse,  v.  159 
Araroba,  iii.  75 
Arbor  vitEe,  1.  438 

of  cerebellum,  ii.  160 
Arborization  of  nerve  processes, 

vi.  334 
Arbutin,  i.  738 
Arc  keratoscopique  of  De  Wecker 

and  Masselon,  vi.  395 
Arcachon,  i.  438 
Arch  of  aorta,  i.  406,  535 ;  ii.  94 
Arch,  palmar,  deep,  abnormalities 
of,  i.  533 

superficial,  abnormalities  of,   i. 
533 
Archseology,  prehistoric,  witness 

of,  to  man's  ancestry,  iv.  40 
Arches  of  the  foot,  iv.  193 
Archesporium,  vi.  869 
Archigonocyte,  vi.  864 
Archoplasm,  ii.  763,  764 
Arco,  i.  439 
Arctic  Springs,  i.  439 
Arctium  lappa,  ii.  517 
Arctostaphylos  glauca,  i.  738 

uva  ursi,  i.  738 
Arcus  arteriosus,  v.  313 

.juvenilis,  i.  440 

senilis,  i.  440 

venosus,  v.  313 
Are,  viii.  299 
Area  amniotica,  i.  442 

embryonalis,  i.  440 

germinativa,  i.  440 

opaca,  i.  441 

pellucida,  i.  441 

placentalis,  i.  443,  445 
Areas,  association,  of  brain,  ii.  305 

motor  and  sensory,  of  brain,  :i. 
304,  305 
Areca  catechu,  i.  445 
Areca  nut,  i.  445 

as  an  anthelmintic,  i.  363 

as  a  myotic,  i.  446 

as  a  toenicide,  i.  363,  446 
Areola  of  the  mamma,  ii.  469 
Areolar  tissue,  iii.  354 
Argas  americanus,  i.  437 

persicus,  i.  437 

reflexus,  i.  437 

sanchezi,  i.  437 
Argasinee,  i.  437 
Argemone,  i.  446 
Argentamin,  iv.  15  ;  vii.  216 
Argentine    Republic,    pharmaco 

pceia  in,  vi.  581 
Argentol,  vii.  316 
Arginin,  i.  68 
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Arginin.  a  source  of  urea,  v.  773 

Argol,  vi.  744 

Argoniii,  vii.  216 

Argyria,  Argyrism,  Argyrosis, 

Argyriasis,  i.  446;  vi.  6o5 
Argyria  conjunctivae,  iii.  351 
Argyrol,  vii.  316 

used  in  gonorrhceal  cystitis,  viii. 
167 
Arhinenceplialus,  vii.  699 
Arhythmia,  iv.  599;  vi.  801 
Aricine,  iii.  93 

Arisoema  triphyllum,  vii.  913 
Aristol,  i.  449 

Aristolochia  Argentina,  vii.  355 
clematitis,  vii.  355 
reticulata,  vii.  354 
serpentaria,  vii.  354 
Aristolocliiaceee,  i.  449 
Aristolochin,  vii.  355 
Arithmetic  and  metrology,  viii.  395 
Arizona,  i.  449 

requirements  for  medical  prac- 
tice in,  iv.  48 
Arkansas,  requirements  for  medical 
practice  in,  iv.  48 
history  of  yellow  fever  in,  viii. 
588,  589 
Arm,  the,  i.  451 

amputation  of,  i.  353 

blood  and  nerve  supply  of,  i.  451, 

453 
diseases  and  injuries  of,  i.  454 
lymphatics  of,  v.  631 
muscles  of,  i.  451 
phlegmon  of,  vi.  615 
Armamentarium,     obstetric,     v. 

383 
Armillaria,  iv.  384 
Armor acia,  iv.  737 
Arm-pit.     See  Axilla 
Army,  the,  branch  of  service  in,  as 
affecting  health,  i.  500 
comparison  of  statistics  of,  i.  510 
death   rates   in,  compared   with 

civil  life,  i.  497 
diseases.     See  Camp  Diseases 
health  of,  i.  495 
hospital  ships  of,  iv.  787 
hygiene  of.      See   Military  hy- 
giene 
loss  of  time  from  sickness  in,  i. 

497 
losses  of,  from  sickness  and  from 

wounds,  i.  496 
mortality   of,   during   the  Civil 

War,  i.  499 
war  as  affecting  health  of,  i.  499, 
507 
Army  field    hospital    organiza- 
tion, i,  473 
Army  hospital  corps,  i.  483 
instruction  in,  i.  488 
pay  of,  1.  485 
uniform  of,  i.  485 
Army  medical  department,  i.  493 
medical  officer,  i.  473 
medical  statistics,  i.  495 
nurse  corps,  i.  513 
transport  service,  i.  517 
Arnica,  i.  530 
Arnicin,  i.  530 
Arnold's  steam  sterilizer,  viii.  430 

test  for  diacetic  acid,  viii.  49 
Aroidese,  i.  438  . 

Aromatic  sulphuric  acid,  vii.  5bJ 
syrup  of  of  rhubarb,  vi,  974 
tincture  of  rhubarb,  vi.  974 


Arosa,  i.  531 
Arrhenotoky,  vi.  514 
Arrhythmia,  iv.  599 ;  vi.  801 
Arrington    Mineral    Springs,    i. 

533 
Arrow  Head  Hot  Springs,  i.  523 
Arrow  poison,  vii.  541 
Arrowroot,  i.  533 
Arsenates,  poisoning  by,  viii.   367 
Axsenic,  i. '533;  viii.  866 

as  an  adulterant  of  food,  drink, 

and  drugs,  iv.  175,  184 
as  an  antipeviodic,  i.  378 
as  a  cause  of  zoaler,  iii.  433 
as  a  caustic,  ii.  757 
as  a  digestant,  iii.  471 
as  a  factor  in  keratodormu  pal- 
mare et  plautare,  V,   305 
compounds  of,  niechauism  of  ac- 
tion of,  viii,  373 
disposition  of,  in  body,  after  ab- 
sorption, vi.  723 
effect  on  workers  in,  vi.  325 
elimination  of,  viii.  371 
hypodermatic  use  of,  iv.  821 
in  bismuth  preparations,  i.  763 
tolerance  of,  viii.  370 
triiodide,  i.  534 
trioxide,  i.  523 
Arsenical  paralysis,  vi.  488;  viii. 

370 
Arsenical  paste,  i.  534 
Arsenical  poisoning,  viii.  366 

antidotes  for,  i.  373;  v.  235;  viii. 

373 
by  absorption,  ii.  757 
clinical  tests  in,  viii.  37.3 
in  beer  drinkers,  iv.  175 
industrial,  viii.  369 
post-mortem  appearances  in,  i, 

663 ;  viii.  373 
treatment  of,  viii.  373 
Arsenicophagia,  viii.  370 
Arsenites,  poisoning  by,  viii.  307 
Arseno-hsemol,  v.  230 
Arsenous  acid,  i.  524 
as  a  caustic,  ii.  757 
as  a  gei'micide,  iv.  331 
Arsine,  poisoning  by,  viii.  372 
Artanthic  acid,  v.  714 
Artar  root,  i.  571 
Artarine,  i.  571 
Artemisia  absinthium,  vni.  31b 

cina,  viii.  315 
maritima,  viii.  315 
pauciflora,  vii.  30;  viii.  315 
Artemisin,  viii.  315 
Arterial  and    venous    blood    com 
pared,  ii.  37 
pressure,  indicated  by  pulse,  vi 
799;  viii.  374 
instruments  for  measuring 
iii.  98;  vi.  803;  viii.  375 
varix,  i.  333 
venous  pulse,  vi.  807 
Arteries,  anomalies  of,  i.  525 
anastomotica  magna,  i,  453,  531 
anterior  cerebral,  i.  527 
communicating,  i.  527 
tibial,  i.  535 ;  v.  479 
artery  of  the  bulb,  i.  533 
ascending  cervical,  i.  538 

pharyngeal,  i.  537 
axillary,  i.  529 
brachial,  i.  452,  529 
bi-achio-cepliahc,  i.  536 
carpal,  i.  531 
central  of  retina,  vi.  954 


Arteries,  anomalies  of,  cerebral, 
i,  537 
circumflex  iliac,  i,  534 
common  carotid,  i.  536 

iliac,  i.  533 
coronary,  ii.  95 
cremasteric,  iv,  336 
deep  cervical,  i.  539 

femoral,  i.  535 
deferential,  iv.  336 
dorsal  interosseous,  i.  531 
dorsalis  penis,  i.  534 
epigastric,  i.  534 
external  carotid,  i.  526 
circumflex,  i.  535 
iliac,  i.  534 
plantar,  i.  535 
facial,  i.  537 
femoral,  i.  534 
inferior  profunda,  i.  453,  531 

thyroid,  i.  538 
innominate,  i.  536 
internal  carotid,  i.  537 
circumflex,  i.  535 
iliac,  i.  533 
mammary,  i.  529 
maxillary,  i.  527 
plantar,  i.  535 
pudic,  i.  533 ;  vi.  566 
interosseous,  i.  531 
lingual,  i.  527 
long  thoracic,  i.  529 
median,  i.  530,  532 
middle  thyroid,  i.  526 
obturator,  i.  533,  539 
occipital,  i.  527 
of  the  spleen,  vii.  414,  419 
ophthalmic,  i.  537 
peroneal,  i.  535;  v.  482 
popliteal,  i.  535 
posterior  auricular,  i.  527 
cerebral,  i.  527 
circumflex,  i.  529 
communicating,  i.  537 
tibial,  i.  535 ;  v.  481 
profunda  femoris,  i.  535 
pulmonary,  ii.  93 
radial,  i.  539,  530,  531 

recurrent,  i.  531 
renal,  i.  533;  v.  312 
saphenous,  i.  535 
sciatic,  i.  534 
spermatic,  i,  533 ;  iv.  336 
subclavian,  i.  527 
superficial  temporal,  i.  537 

volar,  i.  531 
superior  intercostal,  i.  539 
profunda,  i.  453,  531 
thyroid,  i.  537 
suprascapular,  i.  538 
thyroid  axis,  i,  528 
thyroidea  ima,  i,  536,  528 
transverse  cervical,  i.  538 

facial,  i,  537 
ulnar,  i.  530,  531 
vertebral,  i.  538 
Artery  or  Arteries,   aberrant,   in 
the  arm,  i.  529 
abnormities  of,  ii.  93 
acupressure  of,  healing  after,  i. 

538 
anostomotica  magna,  i.  453 

anomalies  of,  i.  531 
aneurism  of.     See  Aneurism 
anomalies  of,  i.  525 
anterior  interosseous,  iv.  343 
tibial,  V.  479 

anomalies  of,  i.  535 

lid 


Artery  or  Arteries. 
Astragalus  gummlfer. 
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Artery  or  Arteries,  anterior  ulnar 
recurrent,  iv.  243 
arteriosclerosis  in    different,   ii. 

104 
ascending  pharyngeal,  anomalies 

of,  i.  537 
atheroma  of,  i,  470 
audltiva  interna,  ii.  251 
axillary,  vii.  308 

anomalies  of,  i.  539 
basilar,  ii.  350 
brachial,  i.  452 

anomalies  of,  i.  529 
at  the  elbow,  iii.  735 
callosal,  ii.  251 
carotid,  vi.  193 

cerebral  portion  of,  ii.  353 
surface-marking  of,  vi.  191 
cerebral,  ii.  349,  350 
aneurism  of,  ii.  337 
anomalies  of,  i.  537 
carotid,  ii.  353 
chiasmic,  ii.  253 
choroidal,  ii.  354 
ciliary,  iv.  73 
circle  of  Willis,  ii.  251 
circumflex  iliac,  anomalies  of,  i. 

534 
coats  of,  ii.  90 

common  carotid,  anomalies  of,  i. 
536 
ligature  of,  vi.  193 
surface-marking  of,  vi.  191 
common  iliac,   anomalies  of,   i. 

523 
compression  of,  i.  586 
coronary,  iv.  573 

anomalies  of,  ii.  95 
deep  femoral,  anomalies  of,  i.  535 
durai,  ii.  249 
elasticity  of,  vi.  799 
epigastric,  anomalies  of,  i.  534 
external  carotid,  vi.  193 
anomalies  of,  i.  526 
encranlal  branches,  ii.  249 
ligature  of,  vi.  193 
external    circumflex,   anomalies 

of,  i.  515 
external   iliac,  anomalies  of,  i. 

534 
external  plantar,  anomalies  of,  i. 

535 
facial,  anomalies  of,  i.  537 

surface-marking  of,  vi.  191 
femoral,  vii.  738 

anomalies  of,  i.  534 
branches  of,  vii.  739 
in  Scarpa's  triangle,  vii.  739 
fossae  Sylvii,  viii.  334 
geniculate,  ii.  254 
healing  of,  after  acupressure,  i. 

538 
histology  of,  ii.  90 
hyaloid,  persistent,  viii.  265 
hyperplasia  of,  ii.  96 
inferior  laryngeal,  v.  409 
profunda,  i.  453 

anomalies  of,  i.  531 
inflammation  of,  ii.  96 
innominate,  anomalies  of,  i.  520 
internal  carotid,  anomalies  of,  i 
537 
circumflex,  vii.  739 

anomalies  of,  i.  535 
iliac,  anomalies  of,  i.  535 
lateral  mammary,  i.  529 
mammary,  vii.  750 

anomalies  of,  i.  529 


Artery  or  Arteries,  internal  max- 
illary, anomalies  of,  1.  527 
plantar,  anomalies  of,  i.  535 
pudic,  vi.  566 

anomalies  of,  1.  583 
interosseous,  iv.  343 
lenticular,  ii.  253 
lenticulo-striate,  ii.  253 
lenticulo-thalamic,  ii.  353 
ligature  of,  vi.  193 

for  inoperable  cancer,  ii.  644 
healing  after,  i.  538 
lingual,  vi.  194 

anomalies  of,  i.  527 
ligature  of,  vi.  194 
surface-marking  of,  vi.  191 
mastoid  branch  of  the  occipital, 

ii.  250 
median,  anomalies  of,  i.  530,  532 
medicerebellar,  ii.  251 
medicerebral,  ii.  252 
medichoroid,  ii.  254 
medidural,  ii.  249 
medifrontal,  ii.  353 
medioptic,  ii.  354 
mediparietal,  ii.  253 
metastatic  abscesses  in  walls  of, 

ii.  98 
middle  thyroid,  i.  536 
obturator,  i.  9;  vii.  740 

anomalies  of,  i.  533,  589 
occipital,  ii.  354 

anomalies  of,  i.  537 
surface-marking  of,  vi.  191 
of  the  abdominal  wall,  ii.  351 
of  the  arm,  i.  452,  470;  iii.  785; 

iv.  243 
of  the  auricle,  i.  638 
of  the  brain,  ii.  227,  250,  260 
of   the  bulb,  anomalies   of,    i. 

533 
of  the  kidney,  v.  313 
of  the  knee-joint,  v.  371 
of  the  mamma,  ii.  469 
of  the  neck,  vi.  191,  193 
of  the  umbilical  cord,  histology 

of,  viii.  4 
ophthalmic,  1.  537 
ovarian,  vii.  158 
parvidural,  ii.  350 
pathological  anatomy  of,  ii.  93 
perforantes  anteriores,  ii.  353 
peroneal,  anomalies  of,  i.  535 
ponticular,  ii.  351 
popliteal,  anomalies  of,  i.  535 
postcerebellar,  ii.  350 
postcerebral,  ii.  353 

branches  of,  ii.  354 
postchoroid,  ii.  354 
postcommunicant,  ii.  353 
postdural,  ii.  350 
posterior  auricular,  anomalies  of 
i.,  537 
interosseous,  iv.  348 
laryngeal,  v.  410 
tibial,  anomalies  of,  i.  535 
ulnar  recurrent,  iv.  343 
postparietal,  ii.  253 
post-temporal   branches  of    the 

postcerebral,  ii.  354 
post-thalamic,  ii.  354 
precerebi-al,  ii.  251 
prechoroid,  ii.  253 
precoramunicant,  ii.  351 
predural,  ii.  350 
prefrontal,  ii.  253 
preoptic,  ii.  354 
preparietal,  ii.  253 


Artery    or    Arteries,   pretemporal 
branches  of  the  postcerebral, 
,  ii.  354 

prethalamic,  ii.  258 
profunda  femoris,  vii.  739 

anomalies  of,  i.  535 
pulmonary,  v.  582;  vii.  750 
radial,  anomalies  of,  i.  531 
in  the  forearm,  iv.  243 
radial  recurrrefat,  iv.  243 

anomalies  of,  i.  531 
ramus  parietalis,  ii.  250 
recurrent  spinal,  ii.  250 
renal,  v.  313 

anomalies  of,  i.  583 
sciatic,  vii.  740 

anomalies  of,  i.  534 
spermatic,  iv.  326 

anomalies  of,  i.  583 
subclavian,  vi.  194;  vii.  750 
anomalies  of,  i.  527 
ligature  of,  vi.  194 
subdural,  ii.  250 
subfrontal,  ii.  252 
supercerebellar,  ii.  251 
superficial  circumflex  iliac,  vii. 

736 
superficial  epigastric,  vii.  786 
superficial  external    pudic,   vii. 

736 
superficial  temporal,    anomalies 

of,  i.  527 
superficial  volar,  anomalies  of,  i. 

531 
superior  intercostal,  vii.  750 

anomal  es  of,  i.  529 
superior  laryngeal,  v.  409 
superior  mesenteric,  iv.  747 
superior  profunda,  i.  453 

anomalies  of,  i.  531 
superior  thyroid,  v.  409;  vi.  194 
anomalies  of,  i.  537 
surface-marking  of,  vi.  191 
suprascapular,   anomalies  of,  i. 

528 
supradural,  ii.  250 
suture  of,  i.  538 ;  viii.  453 
termatic,  ii.  351 
thyroidea  ima,   anomalies  of,  i. 

526,  528 
torsion  of,  healing  after,  i.  538 
transverse  cervical,  anomalies  of, 
i.  538 
facial,  anomalies  of,  i.  537 
tubal,  vii.  157 
ulnar,  anomalies  of,  i.  531 
in  the  forearm,  iv.  243 
uterine,  vii.  168 
vertebral,  vi.  195 

anomalies  of,  i.  538 
encranial  branches,  ii.  520 
ligature  of,  vi.  196 
vitelline,  viii.  335 
Arteriometer,  Oliver's,  vi.  803 
Arteriosclerosis,  ii.  100 ;  viii.  373 
diagnosed  from  paresis,  v.  91 
frequency  of,  in  various  arteries, 

ii.  105 
in  diabetes  mellitus,  iii.  439 
insanity  dependent  on,  v.  94 
Arteritis,  syphilitic,  ii.  106 
Artesian  wells,  viii.  379 
Arthralgia,  lead,  v.  474 
Arthrite  plastique  ankylosante, 

v.  361 
Arthritis,  acute  suppurative,  i.  464 
cervical,  vii.  888 
gonorrhoeal,  iv.  408 ;  vii.  388 
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Arthritis,  infective,  i.  464 

of  hand,  iv.  513,  514 

of  knee,  v.  288 

of    temporo-maxillary   articula- 
tion, V.  258 

rheumatoid,  i.  464,  544;  vi.  969 

tuberculous,  of  wrist,  iv.  504 
Arthritis   deformans,  i.    544;    iv. 
514;  vi.  969;  viii.  ,537 

diagnosed  from  acromegaly,  i.  96 

in  children,  i.  548 

of  the  hand,  iv.  514 

of  the  hip-joint,  v.  273 

of  the  knee,  v.  274 

of  the  phalangeal  joints,  v.  376 

of  the  shoulder,  v.  376 

of  the  wrist,  v.  376 
Arthrodesis,  iv.  238 
Arthrodia,  v.  558 
Arthrology,  i.  550 
Arthropathies  of  neurotic  origin, 

i.  555 
Arthropathy,  progressive,  i.  556 

spinal,  i.  555 
Arthropods,  v.  160 
Arthrospores,  i.  681 
Articulation,  function  of  teeth  in 
vii.  650 

physiology  of,  v.  453 

position  of  vocal  organs  in,  v. 
455 
Articulations,    i.    550.      See    also 
Joints 

ankle,  i.  358 

elbow,  iii.  737;  vi.  917 

hip,  iv.  689;  vi.  938 

knee,  v.  369 ;  vi.  933 

lumbo-sacral,  vi.  538 

malleo-iucudal,  i.  617 

metatarso-plialangeal,  v.  375 

of  pelvis,  vi.  538 

sacro-coccygeal,  vi.  538 

sacro-iliac,  vi.  538 

shoulder,  vi.  933 

temporo-maxillary,  v.  358 

wrist,  vi.  913;  viii.  316 
Artificial  aids  to  defective  hearing, 
iii.  630 

conception,  vii.  457 

eyes,  i.  556 ;  viii.  446, 447,  448 

feeding  of  infants,  iv.  861 

gum,  iii.  438 

larynx,  v.  434,  425 

limbs,  V.  513 

respiration,  i.  559 
Artificial  anus,  iii.  205.     See  also 
Colostomy 

sacral,  truss  for,  i.  402 
Arum,  vii.  913 

niaculatum,  vii.  913 
Arum  family.     See  Aracece 
Arumbaro  Springs,  i.  561 
Arytenoid  cartilages,  v.  407 

muscle,  V.  409 
Asafcetida,  i.  561 

as  an  antispasmodic,  i.  387 
Asagroea  oflacinalis,  viii.  220 
Asaprol,  i.  562 
Asarabacca,  vii.  354 
Asarol,  vii.  354 
Asarum  canadense,  vii.  354 

europseum,  vii.  354 

reflexum,  vii.  354 
Asboline,  i.  563 
Ascaridse,  vi.  233 
Ascaris  alata,  vi.  323 

apri,  vi.  219 

caniculse,  vi.  233 
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Ascaris  canis,  vi.  330,  323 

cati,  vi.  233 

clavata,  vi.  502 

felis,  vi.  338 

lumbricoides,  i.  363;  vi.  206,  223, 
504 
in  gall  duct  and  gall  blad- 
der, iv.  398 
in  Iddney,  v.  345 
in  nasal  cavities,  vi.  143 

marginata,  vi.  333 

maritima,  vi.  233,  503 

martis,  vi.  220 

megalocephala,  vi.  333 

mystax,  vi.  233 

renalis,  vi.  330 

teres,  vi.  323 

transfuga,  vi.  502 

trichiura,  vi.  216 

tricuspidata,  vi.  233 

vermicularis,  vi  323 

visceralis,  vi.  330 

Werneri,  vi.  323 
Asch  operation  for  deviated  nasal 

septum,  vi.  135 
Ascites,  i.  563;  vi.  334 

diagnosis  of,  i.  33 

from  ovarian  tumors,  vi.  438 

of  omentum,  vi.  358 
Ascites,   chylous,  iii.  78;   v.  666; 

vi.  359 
Ascitic  fluid,  i.  563 
Asclepiadacese,  i.  565 
Asclepiadin,  i.  565;  vi.  668 
Asclepias,  i.  565 

incarnata,  ii.  647 

tuberosa,  vi.  668 
Ascomycetes,  iv.  377,  379 
Asellin,  ptomain,  vi.  789 
Asemia,  i.  410 
Asepsin,  i.  382;  v.  853 
Asepsis  in  obstetrics,  v.  379,  384 

surgical,  i.  565 
Aseptol,  i.  570 

Asexualization  for  crime,  ii.  713 
Ash  bark,  i.  570 
Ash,  prickly,  i.  570 
Asheville,  N.  C,  i.  571 
Asiatic  cholera,  viii.  383 

among  troops,  ii.  573 

epidemics  of,  viii.  884 

inoculation  against,  viii.  398 

period  of  incubation  of,  viii.  890 

propagation  of,  viii.  386 

prophylaxis  of,  viii.  400 

spirillum  of,  viii.  894 

transportability  of,  viii.  386,888 

treatment  of,  viii.  398 
Asopia  farinalis,  ii.  791 
Asparagin,  i.  573 
Asparagus  officinalis,  i.  573 
Aspergillales,  iv.  380 
Aspergillus  in    external  auditory 

canal,  iii.  615 
Aspermatism,  vii.  193 
Aspermia,  vii.  193 
Asphyxia,  i.  559,  573,  671 ;  vi.  951 

arsenicalis,  viii.  350 

etiology,  i.  574 

evidences  of  death  from,  vii.  537 

infantile,  i.  573 

medico-legal  relations  of,  i.  574 

neonatorum,  iv.  144;  vi.  379 

phenomena,  i.  573 

proof  of,  i.  575 

secondary,  i.  573 

varieties,  i.  573 
Asphyxiant  poisons,  vi.  691 


Aspidium,  iv.  147 

as  an  anthelmintic,  i.  363 
Aspidosamine,  i.  578 
Aspidosperma,  i.  578 
Aspidospermine,  i.  578 
Aspiration,  i.  579 

dangers  of,  i.  581 

diagnostic  use  of,  in  gynecology, 
iv.  466 

in  abscess,  i.  580 

in  hfematoma,  i.  580 

in  hydrocephalus,  i.  581 

in  intestinal  obstruction,  v.  173 

in  joint  affections,  i.  580 

in  pericarditic  effusions,  i.  580 

in  pleuritic  effusions,  i.  580 

in  retention  of  urine,  i.  580 

in  spina  bifida,  i.  581 

in  strangulated  hernia,  i.  580 

in  tumors,  i.  581 

in  tympanites,  i.  581 
Aspirator,  Dieulafoy's,  i.  579 

Potain's,  i.  579 
Aspirin,  i.  581 
Assam  fever,  v.  299 
Assault,  criminal,  viii.  511 
Assimilation,  the  distinctive  feat- 
ure of  living  matter,  iii.  378,  and 
see,  furtlier.  Metabolism 
Association  areas,  distribution  of, 

in  the  brain,  ii.  305 
Astasia-abasia,  i.  143 
Asterion,  vii.  329 
Asterol,  i.  581 
Asthenic  bulbar  paralysis,  viii. 

530 
Asthenopia,  i.  57,  581 

causes  of,  i.  583 

curability  of,  i.  583 

ex  anopsia,  i.  583 

ex  hyperopsia,  i.  583 

muscular,  i.  583 
Asthma,  i.  584;  vi.  183 

bronchial,  iv.  565 

climates  suitable  for,  iv.  565 

diet  in,  iii.  461 

dyspnoea  in,  iii.  580 

dyspepticum,  due  to  auto-intoxi- 
cation, i.  644 

healtli  resorts  for,  iv.  565 

idiosyncrasy  in,  iv.  841 

nasal,  iv.  565 

paper,  vi.  745 

potters',  V.  594 

sputum  in,  vii,  483 

theories  of,  i.  587 

thymicura,  v.  728;  vii.  448 
Astigmatism,  i.  58,  590 ;  iv.  91 

compound  hypermetropic,  i.  593 

compound  myopic,  i.  592 

correction  of,  i.  594 

diagnosis  of,  i.  592 

irregular,  i.  595 

measurements  of,  i.  593 

mixed,  i.  593 

normal,  i.  596 

simple  hypermetropic,  i.  593 

simple  myopic,  i.  593 

treatment  of,  i.  594 
Astigmometer  of  De  Wecker  and 

Masselon,  vi,  394 
Astomia,  viii.  583 
Astomus,  vii.  701 
Astragalectomy    in     talipes,     iv. 

339 
Astragalus,  dislocations  of,  iii.  539 

tniotiire  of,  iv.  369 
Astragalus  gummifer,  vii.  845 

745 
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Astragalus  (poisonous  plant),  vi. 

708 
Astringents,  i.  596 
Asymljolia,  i.  410 
Asymmetry  of  skull  in  insanity,  v. 
51 

of  uvula,  viii.  109 
Atavism,  vi.  963 

in  insanity,  v.  38 
Ataxia,  i.  383 

cerebellar,  ii.  339 

Fried reicli's,  iv.  533;  vii.  847 

hereditary,  vii.  347 

locomotor,  vii.  378 

of  hand,  iv.  538 

spinal,  vii.  346 

subacute  spinal,  vii.  835 
Ataxic  paraplegia,  Gowers',  vii. 

337 
Atelectasis,  i.  597 

fcetal,  i.  678 

of  chorion,  iii.  60 
Athelia,  ii.  465 
Atheroma,  ii.  100 

diagnosed  from  paresis,  v.  91 

insanity  dependent  on,  v.  94 

of  tlie  arteries,  i.  470 

of  the  auricle,  iii.  666 
Athetosis,  i.  599;  iv.  538 

of  upper  extremity,  i.  468 
Athletics,  effect  of,  upon  heart,  iv. 

613 
Athyroidism,  vi.  409 
Atlantic  City,  N.  J.,  i.  600 
Atlo-axoid  disease,  vii.  401 
Atmokausis,  use  of.  In  metritis,  v. 

786 
Atmosphere,  character  of,  in  rela- 
tion to  consumption,  i.  150;  iii.  366 
Atmospheric  ocean,  depth  and  cir- 
culation of,  i.  147 
Atmospheric  pressure,  an  element 
of  climate,  iii.  141 

at  health  resorts,  iv.  564 

differences  in,  physics  of,  vi.  670 

high,  effects  of,  ii.  547 
Atomizers,  v.  734 
Atopomenorrhoea,  v.  740 
Atotonilco,  i.  603 
Atotonilco  de  San  Andres,  i.  603 
Atoxyl,  viii.  401 
Atresia,  i.  603 

acquired,  i.  608 

congenital,  i.  603 

of  the  anus,  i.  604;  vii.  704 

pf  the  bladder,  i,  604 

of  the  bronchi,  i.  603 

of  the  ex.  auditory  canal,  i.  608 

of  tlio  intestine,  i.  604 

of  the  larynx,  i.  603 

of  the  mouth,  i.  603 ;  viii.  583 

of  the  nasal  passages,  i.  608 

of  the  (Esophagus,  i.  603 

of  the  palpebral  opening,  i.  603 

of  the  pupil  of  the  eye,  i.  608 

of  the  pylorus,  i.  608;  vii.  519 

of  the  rectum,  i.  604;  vii.  705 

of  the  stomach,  i.  603 

of  the  trachea,  i.  603 

of  the  ureter,  viii.  11 

of  the  urethra,  i.  604 

of  the  uterine  canal,  i.  604;  viii 
68 

of  the  vagina,  i.  604;  viii.  153 

of  the  vulva,  viii.  160 
Atrium,  vii.  337 

of  lungs,  V.  ,581 
Atropa  belladonna,  i.  610,  741 

746 


Atrophia  pilorum  propria,  i.  604 
Atrophy,  i.  404,  606 

acute  yellovy,  of  liver,  v.  536 
due  to  disease,  i.  607 
due  to  pressure,  i.  608 
fatty,  i.  609 
from  disuse,  i.  607 
in  blood-vessels,  ii.  95 
muscular,  in  arthritis  deformans, 
i.  547 
in  certain  occupations,   iv. 
537 
neuropathic,  i.  608 
of  adrenals,  vii.  567 
of  bladder,  i.  768 
of  blood-vessels,  ii.  95 
of  brain,  ii.  338 
of  cervix  uteri,  viii.  64 

follov^ing  infection  of  ute- 
rine adnexa,  viii.  65 
following  systemic  diseases, 

viii.  65 
of  lactation,  viii.  65 
senile,  viii.  64 
of  decidua,  iii.  389 
of  diaphragm,  iii.  437 
of  hair,  i.  604 
of  lymph  nodes,  v.  660 
of  muscles,  in  hip-joint  disease, 

V.  367,  370 
of  nails,  vi.  93 
of  neurones,  vi.  361 
of  non-striated  muscle,  vi.  39 
of  oesophagus,  vi.  839 
of  omentum,  vi.  359 
of  optic  nerve,  ii.  11 
of  ovary,  vi.  483 
of  parathyroid  glands,  vi.  507 
of  patella,  vi.  518 
of  pituitary  gland,  vi.  640 
of  placenta,  iii.  56 ;  vi.  651 
of  prostate,  vi.  769 
of  retina,  vi.  959 
of  striated  muscle,  vi.  37 
of  thymus  gland,  v.  738 
of  thyroid,  vii.  775 
of  tongue,  vii.  793 
of  veins,  viii.  309 
physiological,  i.  606 
progressive  muscular,  vi.  63 
of  arm  and  forearm,  i.  466 
of  hand,  iv.  631 
senile,  i.  607 
Atropic  poisons,  i.  610 
Atropine,  i.  743 

action  of,  on  heart,  v.  33 

and  hyoscyamine,  relations  of,  i. 

743 
as  a  mydriatic,  vi.  70 
as  an  expectorant,  iv.  51 
effects  of,  on  body  temperature, 
ii.  570 
on  foetus,  vi.  379 
hypodermatic  use  of,  iv.  830 
poisoning  by,  i.  610 
Atropinism,  iii.  350 

a  cause  of  conjunctivitis,  iii.  350 
Attar  of  roses,  vi.  1000 
Atten,  ii.  838 
Attention,  lack  of  concentration  of, 

in  insanity,  v.  55 
Attic,  vii.  §37 

Attitude,  in  liip  disease,  v.  369 
Attraction  sphere,  ii.  763 
Audiclare,  iii.  633 
Audiphone,  the  Rhodes,  iii.  634 
Audition,  i.  611 

localization  of  sen.se  of,  ii.  307 


Auditory  canal,    external,  anat 
omy  and  physiology  of,  i.  635 
absence  of,  iii.  631 
acute   circumscribed  inflamma- 
tion of,  iii.  617 
angioma  of,  iii.  668 

animate  objects  in,  iii.  647,  648 

arteries  of,  i.  637 

atresia  of,  i.  603 

benign  new  growths  of,  iii.  667 

condylomata  of,  iii.  676 

diffuse  inflammation  of,  iii.  616 

diphtheritic  inflammation  of,  iii. 
630 

eczema  of,  iii.  618 

enchondroma  of,  iii.  668 

exostoses  of,  iii.  630 

false  membranes  of,  iii.  668 

follicular   inflammation   of,  iii. 
617 

foreign  bodies  in,  iii.  646 

fungus  in,  iii.  615 

furuncles  in,  iii.  618 

gunshot  wounds  of,  iii.  689 

hyperostosis  of,  iii.  630 

hypersecretion    of    ceniminous 
glands,  iii.  614 

impacted  cerumen  in,  iii.  614 

laminated  epithelial  plugs  in,  iii. 
615 

lymphatics  of,  i.  637 

malformations  of,  iii.  613 

malignant  growths  of,  iii.  669 

measurements  of,  viii.  340 

nerves  of,  i.  637 

osteoma  of,  iii.  667 

parasitic  inflammation  of,  iii.  615 

pityriasis  alba  of,  iii.  616 

polypi  of,  iii.  631 

relations  of,  i.  636 

sebaceous  cyst  of,  iii.  667 

size  of,  i.  635,  637 

syphilis  of,  iii.  676 

traumatism  of,  iii.  688 
Auditory  hairs,  i.  631 
Auditory  nerve  and  its  end  organs, 
i.  631,  637,  681;  iii.  833 

arrested  development  of,  iii.  597 

atrophy  of,  iii.  600 

comparative  anatomy,  i.  637 

degeneration  of,  iii.  600 

diseases  of,  iii.  600 

embryology  of,  i.  630 

phylogeny,  i.  637 

syphilitic  affections  of,  iii.  684 
Auditory  ossicles,  i.  616 
Auditory     sensations     compared 

with  visual,  i.  634 
Auerbach,  plexus  of,  v.  187 
Augusta,  Ga.,  i.  633 
Auree,  epigastric,  iii.  845 

psychical,  iii.  845 
Aurantiamarin,  iii.  127 
Auricle  of  ear,  i.  615,  636,  639 ;  iv. 
568,  570 

abscess  of,  iii.  607 

acne  of,  iii.  606 

anaesthesia  of,  iii.  611 

anatomy  and   physiology  of,  i. 
686 

aneurism  of,  iii.  608 

angioma  of,  iii.  608,  666 

atheroma  of,  iii.  666 

burns  and  scalds  of,  iii.  611 

carcinoma  of,  iii.  610 

congenital  malformations  of,  iii. 
611 

cramp  of,  iii.  611 
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Auricle  of  ear,  cutaneous  horn  of, 
iii.  608 
cysts  of,  iii.  608,  666 
diphtheria  of,  iii.  608 
ecthyma  of,  iii.  606 
eczema  of,  iii.  606,  619,  723 
elephantiasis  of,  iii.  608 

epithelioma  of,  iii.  668 

erysipelas  of,  iii.  607 

fibroma  of,  iii.  666 

frost-bite  of,  iii.  607 

functions  of,  i.  640 

gangrene  of,  iii.  607 

hsematonia  of,  iii.  608 

herpes  of,  iii.  606 

hyperesthesia  of,  iii.  611 

hypertrophy  of,  iv.  591 

ichthyosis  of,  iii.  608 

impetigo  contagiosa  of,  iii.  606 

ligaments  of,  i.  637 

lipoma  of,  iii.  666 

lupus  of,  V.  613 

muscles  of,  i.  638 

noevus  of,  iii.  608 

nerves  of,  i.  638 

neuralgia  of,  iii.  611 

new  growths  of,  iii.  610 

noma  of,  iii.  610 

ossification  of  cartilage,  iii.  610 

othseraatoma  of,  iii.  608 

papilloma  of,  iii.  667 

pemphigus  of,  iii.  606 

pericliondritis  of,  iii.  609 

pruritus  of,  iii.  607 

psoriasis  of,  iii.  606 

sarcoma  of,  iii.  610,  668 

seborrhoea  of,  iii.  607 

syphilitic  disease  of,  iii.  607,  674 

tophi  of,  iii.  610 

traumatism  of,  iii.  611,  687 

tuberculosis  of,  iii.  610 

ulceration  of,  iii.  607 

variations  in,  i.  639 

warts  of,  iii.  608,  667 
Auricular  appendix  (of  heart),  iv. 

568,  570 
Auricular  nerve,  great,  vi.  191 

point,  vii.  329 

venous  pulse,  vi.  806 
Auricularis  anticus  rauscle,  an- 
omalies of,  vi.  43 
Aurora  Springs,  i.  640 
Aurum   canadense,  vii.   254;    see 

also  Snakeroot 
Auscultation,  ii.  816 

in  pregnancy,  iv.  342 

of  the  foetal  heart,  v.  381 
Auscultation  tube,  for  examining 

middle  ear,  iii.  664 
Australia,  i.  640 

Austria-Hungary,    food    adulter- 
ation iu,  iv,  166 

pharmacopoeia  in,  vi.  581 

registration  of  death  in,  iii.  375 
Autoclave,  Cliamberland's,  viii.  421 
Autohypnotic  state,  iv.  812 
Auto-inoculation,  viii.  592 
Auto-intoxication,  i.  641 

as  a  cause  of  insanity,  v.  34 

of  gastric  origin,  i.  643 

of  gastrointestinal  origin,  i.  642 

of  hepatic  origin,  i.  645 

of  pregnancy,  i.  646 

of  thyroid  origin,  i.  646 

relation  of  glands  to,  v.  775 
Autolysin,  viii.  589 
Autolysis,  viii.  402 
Automatic  actions,  i.  647 


Automatic  actions  in  epilepsy,  i. 
648 
in  inebriety,  i.  649 
medico-legal  relations  of,  i.  649 
of  vegetative  life,  i.  647 
of  voluntary  life,  i.  647 
Automatic  activity  in  the  insane, 

i.  649 ;  V.  60,  61 
Automatism,  i.  648 
cerebral,  i.  648 

artificial,  i.  648 
epileptic,  i.  648 
medico-legal  relations  of,  i. 

649 
of     brain    exhaustion    and 

brain  disease,  i.  649 
of  inebriety,  i.  649 
of  insanity,  i.  649 
syphilitic,  i.  649 
traumatic,  i.  649 
motor,  i.  647 
psychical,  i.  647 
Automeris  io,  v.  166 
Autoplasty,  vi.  895 
Autopsies,  i.  649 

authorization  of,  ii.  534 
medico-legal  considerations  of,  i. 

658 
method  of  making,  i.  651 
of  new-born,  vi.  275 
Autoscopy,  V.  423 
Autovaccination,  viii.  117 
Ava,  V.  301 
Avens,  i.  674 
Avocado,  i.  191 
Avon  Sulphur  Springs,  i.  675 
Axes  of  pelvis,  vi.  541 
Axilla,  vii.  206 

boundaries  of,  vii.  207 
contents  of,  vii.  208 
phlegmon  of,  vi.  615 
Axillary  artery,  vii.  208 
anomalies  of,  i.  529 
surface-markings  of,  vii.  204 
Axillary  band,  vi.  48 
lymph  nodes,  v.  632 
veins,  vii.  208 

anomalies  of,  viii.  204 
Axis,  coeliac,  point  of  origin  of  (in 

embryos),  iii.  186 
Axis-cylinder,   physiology  of,  vi. 
226 
processes,  vi.  233 
Axis-traction  forceps,  vi.  312 
Axocopan,  i.  675 

Axon=skeletal  or  body  axis,  ii.  138 
Axones,  ii.  329 

naked,  vi.  236 
Ayer's  Amherst   Mineral 

Springs,  i.  675 
Azederach,  i.  363,  675 
Azores,  i.  676 
Azule  Springs,  i.  676 
Azygopharyngeus  muscle,  vi.  47 
Azygos  uvulse  muscle,  viii.  107 
Azygos  vein,  vii,  750 
anomalies  of,  viii.  205 

Babcock,  asbestos  method  of  deter- 
mining fat  in  milk.  v.  827 
total  solids  in  milk,  v.  826 
centrifugal  method  of  determin- 
ing fat  in  milk,  v.  826 
Babinski  phenomenon,  vi.  876 
Bacilli  carriers,  viii.  405 
Bacillus,  i.  680;  see  also  Bacteria 
aei'ogenescapsulatus,  i.  712 
autluacis,  i.  719 


Bacillus  botulinus,  iv.  185 
Breslaviensis,  iv.  187 
cellulseformans,  iv.  187 
coli  communis,  i.  702,  709 

difference  between  bacillus 

of  typhoid  and,  i.  703 
in  new-born,  vi.  278 
in  water,  tests  for,  viii.  391 
"comma,"  of  Koch,  viii.  363 
diphtherias,  i.  694 ;  iii.  480 

exudate  due  to,  contrasted 
with  that  due  to  othei'  ba- 
cilli, iii.  487 
in  dissection  and  operation 

wounds,  iii.  531 
non-virulent,  iii.  481 
virulent,  iii.  481 
enteritidis,  iv.  186 
Friedebergensis,  iv.  187 
influenzae,  i.  693 
Klebs-Loeffler's,  iii.  480 
Koch's  comma,  viii.  363 

tubercle,  i.  689 
leprae,  i.  692 
mallei,  iv.  353 
morbificans  bovis,  iv.  186 
Neapolitanus,  i.  702 
of  bubonic  plague,  i.  717 
of  glanders,  i.  717 
of  malignant  oedema,  i.  711 
of  psittacosis,  vi.  779 
of  rhinoscleroma,  vi.  972 
of  syphilis,  vii.  603 
of  typhoid  fever,  i.  700;  viii.  576 
pestis,  cause  of  bubonic  plague, 
ii.  504 
bubonicae,  i.  718 
Pfeiffer's,  v.  13 
proteus  vulgaris,  i.  711 
pseudotuberculosis     rodentium, 

vi.  776 
pyocyaneus,  i.  710 

effect  of,  on  body  temper- 
ature, ii.  571 
smegmatis,  i.  693 
tetani,  i.  698 
tuberculosis,  i.  869 

in  dissection  and  operation 

wounds,  iii.  530 
methods  of  staining,  viii.  397 
Back,  massage  of,  v.  695 
Backache,  neurasthenic,  vi.  250 
Bacon's  rongeur  forceps,  v.  703 
Bacteria,  i.  677 

a  cause  of  food  poison,  iv.  185 
action  of,  in  body,  iv.  871 
aerobic,  i.  686 
anaerobic,  i.  686;  viii.  428^^ 
cause  of  milk  coagulation,  iii.  152 
chemical  composition  of,  i.  682 

effects  of,  i.  683 
classification  of,  i.  678 
conditions  of  growth  of,  i.  682 
cultivation  of,  viii.  425 
definition,  i.  680 
degenerated,  i.  683 
effect  of  chemical  agents  on,  i.  687 
examination  of,  viii.  435 
facultative,  i.  686 
general  characteristics  of,  i.  679 
groups  of,  i.  680 
haemolysis  caused  by,  viii.  536 
in  water,  viii.  391 

counting  colonies  of,  viii.  291 
influence  of,  on  other  classes  of 

bacteria,  i.  685 
involution  forms  of,  i.  681 
I  mesophilic,  i.  686 
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Bacteria,  metastasis  of,  v.  778,  779 
methods  of  cultivation,  viii.  435 
morphology,  i.  680 
of  small  intestine,  iii.  85 
pathogenic,  i.  677 

diminished   bj'    storage    of 
water,  viii.  277 
products  of,  iv.  871 
psychrophilic,  i.  686 
pus-producing,  i.  704;  v.  6 

conditions  favoring  spread 

of,  iii.  534 
means    of    elimination    of, 

from  system,  iii.  586 
resistance  of  tissues  to,  iii. 

634 
types  of  disease  engendered 

by,  iii.  533 
virulence  of,   in    dissection 
and  operation  wounds,  iii. 
531 
routes  by  which  they  reach  the 

bladder,  i.  798 
saprophytic,  in  air,  i.  154 

cause  decomposition  of  ca- 
daver, ii.  537 
special,  i.  689  et  seq. 
spores,  i.  678 
staining  of,  viii.  485 
thermal  death  point  of,  viii.  443 
thermic  effects  of,  i.  683 
thermophilic,  i.  686 
transmitted  by  mosquitoes,  v.871 
vital  phenomena  of,  i.  683 
Bacteria  carriers,  viii.  405 
Bacterial  poison,  effect  of,  on  the 

body  temperature,  ii.  571 
Bacteriological    technique,    viii. 
408 
agar  as  nutrient  medium,  prep- 
aration of,  viii.  410 
aniline  dyes,  viii.  486 
autopsy  of  infected  animals,  viii. 

434 
blood  as  nutrient  medium,  prep- 
aration of,  viii.  412 
bouillon   as    nutrient    medium, 

preparation  of,  viii.  408 
cultures,  viii.  425 

Esmarch's  roll-tube,  viii.  427 
hanging-drop,  viii.  428 
liquid,  viii.  428 
mixed,  viii.  481 
shake,  viii.  437 
smear,  viii.  428 
streak,  viii.  437,  438 
determination  of  thermal  death 

point  of  bacteria,  viii.  443 
diagnostic  methods,  viii.  440 
in  actinomycosis,  viii.  440 
in  anthrax,  viii.  441 
in  bubonic  plague,  viii.  441 
in  cerebrospinal  meningitis, 

viii.  443 
in  cholera,  viii.  441 
in  diphtheria,  viii.  441 
in  dysentery,  viii.  441 
in  gonorrhea,  viii.  441 
in  leprosy,  viii.  443 
in  pneumonia,  viii.  443 
in   protozoal   diseases,    viii 

443 
in  rabies,  viii.  443 
in  tetanus,  viii,  443 
in  tuberculosis,  viii.  442 
in  typhoid,  viii.  443,  701 
egg  as  nutrient  medium,  prepa- 
ration of,  viii,  417 
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Bacteriological  technique,  exam- 
ination of  air,  viii.  446 
of  bacteria,  viii.  435 
of  soil,  viii.  447 
of  water,  viii.  447 
gelatin    as     nutrient    medium, 

preparation  of,  viii.  409 
immunization,  methods  of,  viii. 

445 
incubators,  viii.  423 
inoculation  of  animals,  viii.  432 
by  alimentary  infection,  viii. 

434 
by    cutaneous   application, 

viii.  433 
by  injection   into  the  lym- 
phatics, viii.  434 
by     intracranial    injection, 

viii.  484 
by  intraocular  injection,  viii. 

434 
by  intraperitoneal  injection, 

viii.  488 
by    intrapleural    injection, 

viii.  483 
by    intravenous    injection, 

viii.  438 
by     respiratory     infection, 

viii.  484 
by     subcutaneous    applica- 
tion, viii.  483 
by  subcutaneous  injection, 
viii.  488 
methods  of  cultivation,  viii.  425 

anaerobic,  viii.  428 
milk  as  nutrient  medium,  prepa- 
ration of,  viii.  416 
nutrient  media,  varieties  of,  viii. 
408 
preparation  of,  viii.  408 
standardization  of,  viii.  418 
observation  of  infected  animals, 
viii.  434 
.     opsonic  technique,  viii.  445,  598 
potatoes   as    nutrient    medium, 

preparation  of,  viii.  417 
preparation  and  filling  of  tubes, 

viii.  418 
serum  agglutination  test,  viii.  445 
staining  of  bacteria,  viii.  485 
methods  of,  viii.  435 
of  flagella,  viii.  488 
of  protozoa,  viii.  439 
of  sections,  viii,  440 
of  spores,  viii.  487 
sterilization,  viii,  419 

by  chemicals,  viii.  422 

by  direct  flaming,  viii.  419 

by  dry  heat,  viii.  419 

by  filtration,  viii.  421 

by  flowing  steam,  viii.  420 

by   steam    under    pressure, 

viii.  431 
fractional,  viii.  419 
testing  of  chemicals,  viii.  448 
of  strength  of  antitoxin,  viii. 
445 
Bacteriology,   liistory  of    the    de- 
velopment of,  i.  677 
of  milk,  cow's,  v.  823 

human,  v.  825 
of  vaccinia,  viii.   144 
Bacteriolysis,  viii.  538 
Bacterium,  i,  681 
Bacteruria,  i,  793 
Baden-Baden  and  the  Black  For- 
est, Germany,  viii.  448 
Bad-Nauheim,  vi.  151 


Bael  fruit,  i.  731 
Baelz's  disease  of  the  lip,  i.  732 
Bagneres-de-Bigorre,  viii.  449 
Bahamas,  climate  of,  vi.  149 
Bailey  Springs,  1.  723 
Bakeries  for  soldiers,  v.  800 
Baking  powder,   adulterations  of, 

iv.  171,  180 
Balance's     modification     of      the 
Schwartze-Stacke  mastoid   opera- 
tion, V.  708 
Balanites  Boxburghii,  i.  722 
Balanitis,  i.  723 

complicating  gonorrhoea,  iv.  401 
Balanoposthitis,    i.    732;  and  see 

Balanitis 
Balantidium  coli,  viii.  659 

minutum,  viii.  659 
Balata,  i.  733 
Baldness,  i.  132 

Ballardville  Iiithia  Spring,  i.  723 
Ballast,  inspection  of,  at  quarantine 

station,  vi.  823 
Ballottement,  external,  iv.  343 

internal,  iv.  342 
Ballston  Spa,  i.  733 
Balm,  i.  734 
lemon,  i.  724 
of  Gilead,  i.  724;  vi.  85 
Balneology  in  cardiac  diseases,  vi. 

158 
Balsam,  Canada,  ii.  624 
fir,  ii.  624 
friar's,  i.  746 
gurjun,  iv.  456 
Mecca,  vi.  85 
of  copaiba,  iii.  377 
of  Peru,  i.  724 
of  tolu,  i.  725 
Balsamea,  i.  738 
africaua,  i.  738 
mukul,  i.  788 
Balsamodendron,  i.  738 ;  vl.  83 

gileadense  i.  734 
Balsams,  in  plants,  1.  103 
Balsamum  peruvianum,  i.  734 

tolutanum,  i.  735 
Baltimore,  Md.,  i.  725 
Bamboo  brier,  i.  726 
Bandages,  i.  726;  iii.  556 

abdominal,  for  soldiers,  v.  796 
handkerchief,  iii.  557 
plaster-of-Paris,  iii.  558;  iv.  220 
suspensory,  vii.  568 
Bandaging,  i.  726 
Banff  Hot  Springs,  i.  730 
Banner's    rotating    exhaust    venti- 
lator, iv.  758 
Bano  de  san  Pablo,  i,  733 
Banos  de  las  Arenas,  i.  732 
Banos  en  el  Penon,  i,  732 
Banting's  method  of  treating  obes- 
ity, i.  125 
Baptin,  iv.  855 
Baptisia,  iv.  855 

tinctoria,  iv.  855 
Baptisin,  iv.  855 
Baptitoxine,  iv,  855 
Barsesthesiometer,  i.  136 
Barbados,  i.  782 

leg,  iii.  781 
Barberry,  i.  740 
Barber's  itch,  vii.  788 
Bardeen's  microtome,  iv.  712 
Bardenheuer's  method  of  extirpat- 
ing the  urinary  bladder,  viii. 
26 
method  of  tarsectomy,  vi.  925 
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Barger's  Springs,  i.  734 
Barium,  i.  784 

carbonate,  i.  734 

chloride,  1.  734 

dioxide,  i.  734 

sulphate,  i.  734 

toxicology  of,  i.  734 
Barium  salts,  toxicology  of,  1.  734 
Barium  Springs,  i.  734 
Bark,  cuproea,  iii.  93 

gveenbeart,  i.  753 
.Maracaibo,  iii.  92 

pale,  iii.  92 

Peruvian,  iii.  88 

yellow,  iii.  88 
Barks,  poisonous,  vi.  702 
Barley  sugar,  vii.  549 
Barlow's  disease,  vii.  78,  81 ;  see 
also  Infantile  scorbutus  and  Scurvy 
Barney  dumping  boat,  vi.  880 
Barometric  pressure,  physiological 

effects  of  diminished,  i.  303 
Barosma  betulina,  ii.  514 

crenulata,  ii.  514 

serratifolia,  ii.  514 
Barosmin,  ii.  514 

Barracks,  amount  of  air  required  in, 
ii.  661 

essential  conditions  of,  v.  807 

overcrowding  in,  v.  809 

ventilation  of,  v.  808 
Bartholin's  gland,  i.  734 

anatomy  of,  i.  734 

dilatation  of  excretory  duct,  i. 
735 

inflammation  of,  i.  735 

pathology  of,  i.  735 

physiology  of,  i.  734 

retention  cysts  of,  i.  735 
Bartholo'w's  food,  how  to  make,  iii. 
,    455 

Bartlett  Springs,  i.  735 
Barton's  bandage,  i.  729 
Basal  ganglia,  lesions  of,  diagnosis 
of,  ii.  286 

tumors  of,  ii.  441 

diagnosis  of,  ii.  448 
Basal  membrane,  iii.  854 
Baseball  hand,  iv.  509 
Basedow's  disease,  viii.   439;  see 

also  Exophthalmic  goitre 
Basements,  iv.  753 
Bases,  effect  of,  on  electrotonus,  iii. 
776 

ptomains,  vi.  785  et  seq. 
Basham's  mixture,  v.  226 
Basibregmatic  axis,  vii.  229 
Basic  lead  acetate^  v.  471 
Basicranial  axis,  vii.  229 
Basidiomycetes,  iv.  377,  282 

groups  and  varieties,  iv.  283 
Basifacial  axis,  vii.  229 
Basil,  i.  736 
Basilic  veins,   anomalies  of,   viii. 

204 
Basion,  vii.  239 
Basophiles,  ii.  30 
Basophobia,  i.  143 
Bassia  oil,  see  Palm  oil 
Bassini's    operation    for    femoral 
hernia,  iv.  677 

for  inguinal  hernia,  iv.  673 
Bassorin,  vii.  845 
Bath,  i.  736 

Bath  Alum  Springs,  i.  787 
Bathing,  during  pregnancy,  iv.  344 

in  childhood,  ii.  880 

in  infancy,  iv.  860 


Bathing,  for  soldiers,  v.  816 
Bathing  cells,  for  soldiers,  v.  816 
Baths,  Brand,  iv.  791 

continuous,  vi.  549 

full,  iv.  790 

hot,  uses  of,  iv.  623 

in  insanity,  v.  74 

in  pemphigus,  vi.  549 

mud,  iv.  855 

peat,  iv.  270 

plunge,  iii.  194 

prolonged,  iii.  194 

sheet,  iv.  789 

spinal,  iii.  193 

Turkisli,  in  insanity,  v.  74 
Batteries,  faradic,  iii.  758 

used  in  electro-therapeutics,  iii. 
757 
Battey's  operation,  see  Ovariotomy 
Battledore  placenta,  vi.  650 
Baudelocque's  pelvimeter,  vi.  523 
Baumann's  method  of  determining 
conjugate  sulphates,  viii.  ,54 

reaction    for    carbohydrates    in 
urine,  viii.  38 
Baume  de  Fioravanti,  viii.  338 
Baunscheidtismus,  i.  105 
Bayacuru,  i.  737 
Bayberry,  i.  737 
Bay  leaves,  i.  737 
Bay,  oil  of,  i.  737 

royal,  v.  467 

rum,  i.  737 
"  Bay  State,"  United  States  hospi- 
tal ship,  iv.  789 
Baylahuen,  iv.  415 
B.  B.  Mineral  Springs,  i.  737 
Bdellium,  i.  788 ;  vi.  85 
Beads,  jumble,  v.  260 

prayer,  v.  260 
Beall  Spring,  i.  738 
Bean,  Calabar,  ii.  548 

family,  v.  482;  and  see  Legumi- 
nosm 

ordeal,  ii.  548 

poisonous,  vi.  702 
Bearberry,  i.  738 
Beard,  eczema  of  the,  iii.  723 
Bearded  women,  iv.  808 
Bearsfoot,  i.  738 
Bebeerine,  i.  753;  ii.  136 
Beck's   Hot  Sulphur   Springs,  i. 

738 
Bedbug,  V.  156 
Bedford  Alum,  Iron,  and  Lithia 

Springs,  i.  738 
Bedford  Springs,  Ky.,  i.  739 
Bedford  Springs,  Pa.,  i.  739 
Bednar's  aphthse,  viii.  580 
Bedsores,  i.  740 
Beef -cakes,  scraped,  how  to  make, 

iii.  454 
Beef  extract,  by  tlie  cold  process, 

how  to  make,  iii.  454 
Beef  soup,  raw,  how  to  make,  iii. 

454 
Beef-tea,  how  to  make,  iii.  454 
Beer,  i.  169 

arsenic  in,  iv.  175 

as  beverage  for  soldiers,  v.  806 
Beer's  knife,  ii.  786 
Bees,  carpenter,  v.  168 

honey,  v.  168 

poisonous,  V.  16 

sting  of,  V.  168 
Beeswax,  viii.  293 
Beetles,  blister,  v.  165 

ground,  v.  165 


Beetles,  poisonous,  v.  165 
Behrend's  mixture,  i.  363 
Belgium,  certification  of  death  in 
iii.  375 

Pharmacopeia  in,  vi.  581 
Belknap  Hot  Medicinal  Sprins'S. 

i.  741 
Bell  sound,  ii.  818 
Bell's  palsy,  i  v.  124 ;  see  also  Facial 

paralysis 
Belladonna,  i.  741 

as  an  anodyne,  i.  362 

as  an  antispasmodic,  i.  387 

as  an  antisudoriiic,  i.  388 

as  a  mydriatic,  vi.  70 

compared  with  henbane,  iv.  637 

composition,  i.  743 

idiosyncrasy  for,  iv.  842 

in  intestinal  obstruction,  v.  173 

Japanese,  vii.  76 
poisonous,  i.  610 

poisoning  by,  i.  610 

poisonous,  vi.  699 

toxicology  of,  i.  610 
Bellini,  tubes  of,  v.  310 
Bellite,  vii.  910 

Bellocq's  cannula  or  sound,  vi.  128 
Belostoma  americana,  v.  160 
Belostomatidse,  v.  160 
Benacus  griseus,  v.  160 
Bence-Jones  albumin,  viii.  31 

albumosuria,  viii.  33 
Benic  acid,  vi.  68 
Benne  oil,  i.  743 
Bennett's  ether  inhaler,  iii.  16 

gas  and  ether  inhaler,  iii.  18 

nitrous  oxide  inhaler,  iii.  18 
Bentley  Springs,  i.  743 
Benzacetine,  i.  743 
Benzamide,  phenyl,  i.  744 
Benzanilid,  i.  744 
Benzene,  i.  744 

as  a  solvent,  i.  744 

distinguished  from  benzin,  i.  744 
Benzin,  i.  744 

distinguished  from   benzene,   i- 
744 
Benzoates,  i.  745 

guaiacol,  iv.  434 
Benzoic  acid,  i.  744 

effect  on  urine,  i.  744 

germicidal  action  of,  iv.  831 
Benzoin,  i.  745 

flowers  of,  i.  744 

Penang,  i.  746 

Siam,  i.  746 
Benzoinum,  i.  745 
Benzo-iodo-hydrin,  i.  746 
Benzol,  i.  744 ;  see  also  Benzene 

as  a  germicide,  iv.  831 
Benzol-ester  reaction  for  carbohy- 
drates in  urine,  viii.  38 
Benzo-naphthol,  i.  746 
Benzo-phenoneid,  i.  746 
Benzopyrrole,  ptomain,  vi.  789 
Benzosol,  iv.  424 
Benzoyl  -  amido  -  phenyl  -  acetic 

acid,  i.  746 
Benzoyl-eugenol,  i.  746 
Benzoyl-salicin,  vii.  15 
Benzoyl-sulphonimide,  vii.  1 
Benzoyl-tropeine,  i.  746 
Benzyl-morphine  hydrochloride, 

vi.  573 
Berberine,  i.  746;  iv.  898;  iv.  775 
Berberis,  i.  746 

aquifohum,  i.  747 

aristata,  i.  747 

T49 
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Berberis  asiatlca,  i.  747 
lycinus,  i.  747 
vulgaris,  i.  746 
Berck-sur-mer,  i.  747 
Bergamot,  iii.  737 

oil  of,  i.  747 
Bergmann's  method  of  interscap- 

ulo-tlioracic  amputation,  i.  553 
Beriberi  diagnosed  from  sleeping- 
sickness,  vii.  343 
Berkefeld's  filter,  viii.  433 
Berkeley  Springs,  i.  747 
Berkshire  Hills,  i.  748 
Berlin,  certification  of  death  in,  iii. 

875 
Bermudas,  i.  749 
Bertini,  columns  of,  v.  309 
Berzelius'  test  for  hydrofluoric  acid 
in  urine,  viii.  53 
theory  of  catalysis,  iv.  146 
Beta  rays,  viii.  549 
Beta  vulgaris,  vii.  548 
Beta-eigon,  iii.  730 
Beta-eucaine,  viii.  494 
Beta-homochelidonine,  ii.  113,  760 
Beta-methyl-indole,  ptomai'n,  vi. 

789 
Beta-napbtol,  vi.  100 
Beta-naphtol-benzoate,  i.  746 
Beta-oxybutyric  acid  in  urine,  i. 
66;  viii.  48,  343 
tests  for,  viii.  48 
Beta-picrasmin,  vi.  836 
Betains,  ptomai'ns,  vi.  787 
Betel  nut,  i.  445 
Bethlehem,  N.  H.,  i.  750 
Betol,  i.  751 
Betony  wood,  i.  751 
Betula,  i.  760 

lenta,  i.  760 
Beverages,  acids  as.  i.  73 

containing  arsenic,  poisoning  by, 

viii.  347 
for  soldiers,  v.  804 
Bex,  i.  751 
Bezoars,  iii.  331 
false,  iii.  331 
oriental,  iii.  331 
Bhang,  ii.  647 
Biarritz,  i.  753 
Bibron's  antidote  to  snake  poison,  i. 

373 
Biberine,  vi.  508 
Bibirine,  i.  753 
Bibiru,  ii.  136 
bark,  i.  753 
Biceps  brachii  muscle,  1.  453 
anomalies  of,  vi.  53 
flexor  cruris  muscle,  anomalies 
of,  vi.  56 
Bicho,  ii.  838 
Bichy  nuts,  see  Kola  mtt 
Biedert's  apparatus  for  compressing 

air,  i.  133 
Bier's  liyperoBmia,  viii.  545 

osteoplastic  amputation,  i.  130 
Bifurcation  of  uvula,  viii.  109 
Big  Bone  Springs,  i.  753 
Bigelow's  evacuator,  v.  531 
lithotrite,  v.  519 
method  of  reducing  thyroid  dis- 
location, iii.  536 
Bile,  i.  754 

acids  in  urine,  viii.  50 

Pettenkofer's  test  for,  viii.  50 
Udransky's  test  for,  viii.  50 
as  a  cholagogue,  iii.  39 
derivatives  in  faeces,  iv.  130 

750 


Bile  duct,  common,  v.  537,  530 

anatomical  relations  of,  vi. 

473 
echinococcus  in,  iv.  398 
effect  on  color  of  faeces,  iii.  39 

on  chyme,  iii.  85 
factors  determining  flow  of,  into 

intestine,  iii.  84 
function  in  digestion,  iii.  475 
in  jaundice,  v.  345 
passages,  iv.  289;  and  see  Oall 

duct,  diseases  of 
pigments,  i.  754 

in  jaundice,  v.  245 

in  urine,  viii.  50 

in  urine,  Gmelin's  test  for, 

viii.  50 
in  urine,  Huppert's  test  for, 

viii.  50 
test  for,  Gmelin's,  i.  755 
Plattner's  crystallized,  i.  754 
secretion  of,  vii.  97 

effect  of  cholagogues  on,  vii. 

.98 
effect  of  sympathetic  system 
on,  vii.  584 
source  of  cholesterin  in,  iii.  239 
Bilge  water,  vi.  158 

as  a  source  of  air  contamination, 
vi.  159 
Bilharzia  capensis,  vii.  872 
hsematobia,  vii.  873 

metastasis  of,  v.  779 
Biliary  calculi,  diet  Jfor,  iii.  459 

concretions,  i.  755 ;  iii.  328 
Bilious  remittent  fever,  v.  685 
Bilirubin,  i.  754;  iii.  233,  324;  vi. 
634 
infarct,  iv.  868 
in  jaundice,  v.  245 
tests  for,  i.  755;  v.  245 
Bilirubin  calcium   in    gall-stones, 

iii.  329 
Biliverdin,  i.  755 
Billroth's  mixture  as  an  ansesthe- 

tic,  i.  393 
Bing's  test  for  hearing,  iii.  661 
Biogenesis,  vi.  909 
Biology,  i.  755 

definition,  i.  755 
divisions,  i.  758 
history  of,  i.  756 
the  living  substance,  i.  756 
Bioplasson,  i.  760 
Blot's  respiration,  iii.  580 
Birch,  i.  760 
black,  i.  760 
cherry,  i.  760 
sweet,  i.  760 
Birchdale  Springs,  i.  760 
Bird- spider,  v.  158 
Birthmark,  i.   350 ;  vi.  89 ;  and  see 

Birth-rate,  viii.  248 

relation  to  death-rate,  viii.  349 
Birth-records,  viii.  619 
Births,  viii.  347 

plural,  viii.  248 

sex  of  hving,  viii.  248 

statistics  of,  see  Vital  statistics 

still,  vii.  348 
Biscuit,  military,  v.  801 
Bishop's  operation  for  prolapse  of 
uterus,  viii.  85 

weed,  i.  163 
Biskra,  i.  760 
Bismal,  iv.  246;  vii.  637 
Bismuth,  i.  761 


Bismuth,  absorption  of,  i.  763 

and  ammonium  citrate,  i.  761 

as  a  cosmetic,  i.  763 

basic  carbonate,  i.  761 
nitrate,  i.  761 

borophenate,  v.  693 

chrysophanate,  iii.  437;  and  see 
Dermol 

cinnamate,  iv.  688 

citrate,  i.  761 

compounds  of,  used  in  medicine, 
i.  761 

elimination  of,  i.  763 

general  medicinal  properties  of, 
i.  761 

in  infantile  diarrhcoa,  iii.  448 

magistery  of,  i.  761 

naphthalin  benzoate,  v.  170 

naphtol,  vi.  101 

phenol,  vi.  608 

poisoning  by,  i.  761 

preparations  of,  i.  761 
arsenic  in,  i.  763 

subcarbonate,  i.  761 

subgallate,  iii.  435 ;  and  see  Der- 
matol 

subnitrate,  i.  761 

white,  i.  761 
Bissy  nuts,  see  Kola  nuts 
Bistort,  i.  763 
Bisulphate  of  quinine,  iii.  90 
Bitartrate  of  potassium,  vi.  744 
Bitter  almond,  see  Almond 
Bitter- ash,  vi.  836 
Bitters  as  digestants,  iii.  469 
Bittersweet,  i.  763 

climbing,  i.  763 

false,  i.  763 

poisonous,  vi.  699 
Bitter  tonics,  vii.  805 
Bitter- weed,  iv.  158 
Bitter-wood,  vi.  836 
Biuret  reaction  for  albumin  in  the 

urine,  viii.  31 
Biventer  cervicis  muscle,  anoma- 
lies of,  vi.  60 
Bixa  orellana,  i.  361 
Bixin,  i.  361 
Bizzozero's  chromocytometer,  ii. 

51 
Black   and  blue  spots  in  contu- 
sions, iii.  373 
Black  Barren  Slineral  Springs, 

i.  763 
Blackberry,  i.  763 
Black  cap,  vi.  1000 
Black  cohosh,  iii.  87 
Black  death,  ii.  504 
Black  draught,  vii.  117 
Black  fever,  see  Kala-azar,  v.  299 
Black  flies,  v.  164 
Black  haw,  viii.  234 
Blackhead,  i.  75;  iii.  326 
Blackmann's  ventilating  wheel,  iv 

758 
Black  measles,  v.  717 
Black  pepper,  vi.  553 
Black  snakeroot,  iii.  87 
Black  stick,  iii.  92 
Black  sulphide,  v.  756 
Black  Sulphur  Springs,  Cal.,  ii. 

580 
Black-tang,  i.  799 
Blackwash,  v.  755 
Blackwater  fever,  viii.  450 
Bladder  and  urethra,  female,  dis- 
eases and  injuries  of,  i.  765 
Bladder,  gall,  see  Gall  bladder 
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Bladder,  urinary,  i.  764 

absence  of,  vii.  708 
anatomy  of,  i.  764 
atony  of,  1.  793 
atrophy  of,  1.  768 
cancer  of,  treatment,  viii.  36 
curettage  of,  i.  788 
development  of,  i.  766 
dislocations  of,  i.  767 
distended,  diagnosed  from  ovar- 
ian tumors,  vi.  438 
exploration  of,  through  the  per- 
ineum, vi.  566 
exstrophy  of,  i.  788 ;  viii.  25 
extirpation  of,  viii.  26 
fissure  of,  vii.  708 
foreign  bodies  in,  i.  768,  769 
demonstrated  by  cystoscope, 
iii.  347 
hernia  of,  i.  790 ;  iv.  683 
hypersemia  of,  1.  773 
hypertrophy  of,  i.  768 
inflammations  of,  i.  773,  793;  see 

further  Cystitis 
injuries  of,  i.  18,  771 
irrigation  of,  viii.  18 
lymphatics  of,  v.  637 
malformations  of,  i.  788 ;  vii.  708 
measurements   of,   i.    765,    785; 

viii.  339 
medication  of,  v.  733 
movements  of,  influence  of  sym- 
pathetic system  on,  vii.  586 
myoma  of.  vi.  76 
neuroses  of,  i.  793 
of  the   male   (pathological  and 

clinical),  i.  788 
palpation  of,  i.  778 
paresis  of,  i.  768,  793 
parasites  in,  vi.  501 
peculiarities  of,  i.  765 
removal  of  foreign  bodies  from, 

i.  769 
routes  by  vrhich  bacteria  may 

reach,  i.  793 
rupture  of,  i.  790 
sacculated,  examined  by  cysto- 
scope, iii.  346 
spasm  of,  i.  793 

stone  in,  i.  797 ;  see  also  Calculi 
tuberculosis    of,    treatment    of, 

viii.  36 
tumor  of,  i.  36,  768,  791 

diagnosed  by  cystoscope,  iii. 
346 
ulceration  of,  diagnosed  by  cys- 
toscope, iii.  347 
Bladder  wrack,  i.  799 
Bladou  Springs,  i.  799 
Blake's  operation  for  nasal  polypi, 

vi.  130 
Blancard's  pills,  v.  335 
Blanket-bag,  military',  v.  797 
Blanket-roll,  military,  v.  797 
Blankets,  for  soldiers,  v.  796 
Blaps  mortisaga,  vi.  502 

mucronata,  vi.  335 
Blastema  of  lildney,  v.  315 
Blasting,   dangers  encountered  in, 
vii.  911 
explosives  used  in,  vii.  909 
manner  in  which  accidents  occur 
in,  vii.  913 
Blastoderm,  i.  440;  ii.  1 

formation  of,  see  Segmentation 
Blastomata,  vii.  903;  and  see  Tu- 
mors 
Blastomeres,  vii.  106 


Blastomyces  dermatitidis,  iii.  414 
Blastomycetes,  i.  731 

pathogenic  in  man,  iii.  413 
Blastomycetic  dermatitis,  iii.  413 
Blastomycosis,  iii.  413,  414 
Blastopore,  ii.  4 

Bleeding,  see  Hemorrhage  and  Vene- 
section 
"  Bleeder,"  iv.  473;  see  also  Hoimo- 

philia 
Blennorrhoea,    iv.    398;    see    also 
Oonoi'rlum, 

as  a  cause  of  blindness,  ii.  10 
Blennostasine,  ii.  5 
Blepharitis  marginalis,  iv.  119 
Blepharophimosis,  iv.  120 
Blepharoplasty,  iv.  132 
Blepharospasm,  ii.  5;  iv.  133 

causes,  ii.  5 

clonic,  ii.  5 

symptoms,  ii.  5 

tonic,  ii.  5 

treatment,  ii.  6 
Blindness,  ii.  6 

acquired,  ii.  9 

act  to  prevent  (N.  Y.),  ii.  14 

cause  of,  ii.  8 

climatic  influence  upon,  ii.  7 

congenital,  ii.  9 

color,  ii.  13 

correlation  of  deaf -mutism  v?ith, 
iii.  365 

day,  ii.  13 

economic  effects  of,  ii.  7 

following  childbirth,  ii.  13 

geographical  distribution  of,  ii.  7 

influence  of  occupation,  ii.  8 
of  sex,  ii.  8 

in  the  offspring  of  consanguin- 
eous marriages,  iii.  357 

irregular  forms  of,  ii.  13 

night,  ii.  13 

preventable,  ii.  13 

race  peculiarities,  ii.  8 

simulated,  ii.  13 

snow,  ii.  13;  vi.  958 

traumatic,  ii.  8 

unpreventable,  ii.  13 
Blind  spot,  viii.  341 
Blistering  beetle,  ii.  651 
Blisters,  ii.  14 

counter-irritant  action  of,  ii.  14 

contraindications,  ii.  14 

flying,  ii.  15 

from  burns  and  scalds,  ii.  520 

in  ante-mortem  burns,  ii.  521 

perpetual,  ii.  15 

physiological  action  of,  ii.  14 

synergists,  ii.  15 

uses  of,  ii.  14 
Block  Island,  Ii.  15 
Blodgett's  Springs,  ii.  16 
Blood,  ii.  33 

action  of  alkalies  on,  i,  187 

antipyrin  on,  i.  380 

potassium  chlorate  on,  iii.  3 

Eoentgen  rays  on,  viii.  668 

alkalinity  of,  examination  of,  ii. 
68 

apparatus  employed  in  examina- 
tion of  the,  ii.  87 

arterial  and  venous,  differences 
between,  ii.  37 

cells,  see  Blood  corpuscles 

changes  in,  due  to   barometric 
pressure,  i.  303 
due  to  high  altitudes,  i.  303 
during  respiration,  vi.  948 


Blood  changes  in  ansemias,  ii.  69 
in  Addison's  disease,  ii.  69 
in  chlorosis,  ii.  69 
in  dermatitis  herpetiformis, 

iii.  420 
in  hemorrhage,  iv.  634 
in  inflammations,  v.  3 
in  leukffimias,  ii.  69 ;  v.  498, 

501 
in  leucocytosis,  ii.  69 
in  poisoning  by  hydrocyanic 

acid,  iv.  783 
in    tuberculous  meningitis, 
ii.  435 
characteristics  of,  in  various  dis- 
eases, ii.  69 
circulation  of  the,  iii.  95 
clinical  examination  of  the,  with 
apparatus  and  technique  em- 
ployed in,  ii.  37 
clot,  iv.  614 

rate  of  formation  of,  ii.  61 
coagulation  of  the,  iii.  150 

comparative  time  of,  in  cer- 
tain diseases,  ii.  62 
conditions    influencing,   iii. 

151 
effect  of  snake-venom    on, 

vi.  713 
pathology  of,  iii.  123 
color  index  of,  ii.  61 
composition  of,  ii.  24 
current,  changes  in,  pathology 
of,  iii.  133 
velocity  of,  iii.  100 
detection     of    small    quantities 

(clinical  test),  ii.  63 
diseases  whose  diagnosis  may  be 
made  by  examination  of,  ii.  69 
diseases  of,  effect  upon  metabol- 
ism, V.  771 
dried  specimens,  fixing,  ii.  64 
staining,  ii.  63 
taking,  ii.  63 
examination  of,  ii.  37 

chart  for  reporting,  ii.  67 
tilariEE  of,  characteristics  of,  vi. 

316 
flow,  effects  of  massage  upon,  v. 
696 
in  the  vessels,  iii.  97 
in  the  vessels,   velocity  of, 
iii.  100 
formation  of  the,  ii.  16;  vi.  418 
fresh    specimen,   apparatus    re 
quired  to  make,  ii.  38 
characteristics  of  good,  ii.  39 
method  of  preparing,  ii.  88 
what  can  be  observed  in,  ii. 
40 
in  chlorosis,  ii.  69;  iii.  26 
in  cretinism,  iv.  393 
influence  ou  respiratory  centre, 

vi.  951 
in  gout,  iv.  406 
in  Hodgkin's  disease,  ii.  69;  iv. 

730 
in  insanity,  v.  53 
in  pernicious  ansemia,  i.  373;  ii. 

69 
in    poisoning    by  carbon    mon- 
oxide, i.  662 
by  cyanide  of  potassium,  i. 

663 
by  hydrocyanic  acid,  iv.  783 
in  secondary  an.-cmia,  i.  378,  379 ; 

ii.  69 
in  stools,  significance  of,  iii.  441 
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Blood,  iuterchiinge  of  gases  between 
air  and,  vi.  949 
jecorin  in  the,  v.  260 
laking  of,  viii.  467 
measurements  of,  il.  84,  86 
menstrual,  v.  744 
metastasis  by  means  of  the,  v. 

778 
normal,  ii.  23 
of  man  and  animals  compared, 

ii.  8a,  85 
of  man  and  dog  hard  to  differ- 
entiate, ii.  87 
of  various  animals,  analysis  of, 

ii.  24 
pathological,  ii.  37 

blood-corpuscle  counting,  ii. 

40 
dried  specimens,  ii.  63 
fresh  specimens,  ii.  38 
haemoglobin   estimation,   ii. 
51 
pipette,  viii.  74 
plasma,  ii.  34 
pressure,  iii.  98 

action  of  drugs  upon,  ii.  693 
et  seg. 
quantity  of,  ii.  23 

influence  of,  on  blood  press- 
ure, iii.  100 
serum,  ii.  86 

Koch's  coagulator,  viii.  376 
spectometry  of,  ii.  77 
spectra  of,  ii.  29,  76,  77 
staining  of,  ii.  65 
stasis,  pathology  of,  iii.  122 
supply,  disturbance  of,  in  dis- 
ease, iii.  120 
transfusion  of,  ii.  37 
variations  in,  ii.  37 
volume  of,  ii,  23 

variations  in,  in  disease,  iii. 
121 
Blood  boilmg',  regulations  for,  vi. 

332 
Blood  corpuscles,  ii.  24,  30 

action  of  ansesthetiosupon,  i.  298 
counting,  methods  of,  ii.  41-48 
development  of.  In  vertebrates, 

i.  443 
formation  of,  ii.  17,  19 
in  urine,  viii.  56 
Blood  corpuscles,  red,  ii.  24 
enumeration  of,  ii.  40 
influence  of  altitude  upon,  ii.  27 
of  iron  upon,  v.  221 
of  potassium  chlorate  upon, 

iii.  2 
of  salts  upon,  viii.  417 
in  pernicious  anaemia,  i,  273;  ii. 

69 
measurements  of,  ii.  84 
number  of,  ii.  27 
origin  of,  ii.  17,  26 
size  of,  ii.  25,  84 
staining  reaction  of.  ii.  67 
Blood  corpuscles,  white,  ii.  30 
classification,  ii.  30 
effect  of  reagent.s  upon,  ii.  33 

of  temperature  upon,  ii.  32 
functions,  ii.  31 
number,  ii.  30 
origin  of,  ii.  22,  33 
varieties,  ii.  30,  67 
Blood-forming   organs,   vi.    413; 

ii.  17 
Bloodgood's  method  of  treatment 
of  inguinal  hernia,  iv.  674 
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Blood-letting,  ii.  71 

as  an  aid  to  artificial  respiration, 

i.  559 
in  ear  diseases,  iii.  650 
Blood-plaques,  ii.  33 

characteristics  of,  ii.  40 
origin  of,  ii.  18,  22 
Blood-pressure,  iii.  98 ;  viii.  873 
changes  in,  iii.  100;  viii.  373 
disturbance  of,  in  disease,  iii.  120 
influenced  by  quantity,  iii.  100 
intracardiac,  iii.  107 
intraventricular,  iii.  108 
measurement,   iii.    68;    vi.  803; 
viii.  375 
Blood-root,  ii.  73 

and  celandine,  different  actions, 
ii.  760 
Blood-stains,  ii.  73 

action  of  reagents  upon,  ii.  74 

of  solvents  upon,  ii.  74 
chemical  reactions  of,  ii.  74 
crystalline  properties  of,  ii.  74 
examination  of,  on  colored  fab- 
rics, ii.  79 
on  earth,  ii.  80 
on  leather,  il.  80 
on  vfashed  fabrics,  ii.  80 
on  virhite  fabrics,  ii.  79 
menstrual,  appearance  of,  ii.  83 
microscopical  examination  of,  ii. 

81 
micro-spectroscopic  examination 
of,  cautions  to  be  observed,  ii. 
80 
old,  examination  of,  ii.  79,  89 
physical  appearances  of,  ii.  74 
recent,  examination  of,  ii.  79 
spectrum  analysis  of,  ii.  76 
Blood-stanch,  iv.  158 
Blood-vascular   system,   relation 

of  lymphatic  system  to,  v.  624 
Blood-vessels,  abnormities,  ii.  93 
actinomycosis  of,  ii.  108 
action  of  cocaine  on,  iii.  158 
amyloid  degeneration  of,  ii.  96 
atrophy  of,  ii.  95 
calcareous  infiltration  of,  ii.  96 
changes  in,  in  inflammation,  v.  2 
contraction  of,  by  cold,  iii.  193 
fatty  changes  in,  ii.  96 
formation  of,  i.  443;  ii.  17 
gunshot  wounds  of,  iv.  447 
histologj'  of,,  ii.  90 
hyaline  degeneration  of,  ii.  96; 

iv.  772 
hyperplasia  of,  ii.  96 
hypertrophy  of,  ii.  96 
inflammations  of,  ii.  96 
leprosy  in,  ii.  108 
new  formation  of,  vi.  884 
ossification  of,  ii.  96 
parasites  in,  vi.  501 
pathological  anatomy  of,  ii.  93 
plastic  surgery  of  the,  viii.  452 
retrogressive  cliiinges  in,   ii.  95 
sclerosis  of,  ii.  100 
suture  of,  viii.  452 
syphilis  of,  ii.  105 
tuberculosis  of,  ii.  107 
tumors  of,    i.    350;  ii.    110;  see 
also  Ilnniianr/inma 
Bloom's     modification     of    Fell- 
O'Dwyer's  apparatus,  iv.  144 
of  intubator,  iv.  143 
Blount  Springs,  ii.  Ill 
Blouse,  military,  v.  794 
Blue-bottle  fly,  v.  154 


Blue  flag,  iv.  157 

poisonous  plant,  vi.  704 
Blue  gum  tree,  iv.  15 
Blue  Hill  Mineral  Spring,  ii.  Ill 
Blue  Lick  Springs,  ii.  112 
Blue  mass,  v.  750 

as  a  purgative,  vi.  813 
Blue,  methylene,  v.  783 
Blue  milk,  v.  823,  833 
Blue  ointment,  v.  750 
Blue  pill,  V.  750 
Blue  Ridge  Springs,  ii.  113 
Blue  stone,  iii.  278 
Blue  vitriol,  iii.  278 
Blumea  balsamifera,  ii.  623 
Boards  of  health.  State,  iv.  566 
Bocconia,  ii.  113 
arborea,  ii.  113 
cordata,  ii.  112 
frutescens,  ii.  113 
integrifolia,  ii.  113 
Bodenhamer's  rectal  irrigator, iii.  836 
Bodies,  Pacchionian,  ii.  389 
Bodo  urinarius,  viii.  535 
Body  cavity,  expansion  of,  in  em- 
bryo, iii.  187 
Body,  development  of,  in  childhood, 
ii.  833 
segmentation  of,  vii.  105 
Body  louse,  v.  157 
Body,  pituitary,  ii.  166 
Body  weight,  loss  of,  during  star- 
vation, V.  7(i8 
Boerne,  ii.  113 
Bogbean,  ii.  514 
Boils,  i.  49;  ii.  113 
Aleppo,  i.  170 
oriental,  i.  170 
to  abort,  i.  49 
Boiling   test  for  albumin   in    the 
urine,  viii.  31 
for  blood  pigment  in  the  urine, 
viii.  33 
Boiling  water,  scalds  from,  ii.  530 
Boldin,  ii.  114 
Boldine,  ii.  114 
Boldo,  ii.  114 
Boletus,  iv,  385 
felleus,  iv.  385 
laricis,  i.  138 
Bolivia,  Pharmacopoeia  in,  vi.  583 
Bolus,  v.  735 
Bombus,  V.  168 
Bonduc,  ii.  115 
nut,  ii.  115 
Bone  or  Bones,  ii.  115 
actinomycosis  of,  ii.  133 
brittleness  of,  vi.  430 
chemistry  of,  ii.  138 
chondroma  of,  iii.  39 
conduction,  hearing  by,  i.  618 
cuttlefish,  iii.  339 
cysts  in,  iii.  349 
development  of,  ii.  117 
diseases  of,  changes  in  the  nails 

in,  vi.  97 
diseases  of,  eosinophilia  in,  v.  493 
diseases  of,  kyphosis  in,  v.  377- 

378 
growth  of,  ii.  119 
gunshot  wounds  of,  iv.  438,  449 
hemorrhage  from,  iv.  636 
histology  of,  ii.  115 
hyoid,  vi.  198 
in  childhood,  ii.  830 
inflammation  of,  ii.  133;  and  see 
Osteitis,   Osteomyelitis,   Perios- 
titis 
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Bone  or  bones,  intracartilaginous 
formatiou  of,  ii.  117 
intraniembranous  formation  of, 

ii.  119 
lesions  of,  in  joint  affections,  v. 

261 
long,  gunsliot  wounds  of,  iv.  449 
marUing  in  brain  surgery,  ii.  407 
marrow,  ii.  117 
myxoma  of,  vi.  89 
necrosed,  treatment  of,  vi.  423 
of  arm  and  forearm,  i.  462 
of  coccyx,  7i.  5a6 
of  ear,  1.  616 
of  hand,  iv.  481 
of  hands  and  fingers,  affections 

of,  iv.  512 
of  ilium,  vi.  537 
of  innominate,  vi.  536 
of  ischium,  vi.  537 
of  nose,  vi.  101 
of  pelvis,  vi.  535 
of  pubis,  vi.  537 
pathology  of,  ii.  120 
phosphate,  ii.  553 
plastic  surgery  of,  ii.  123 
replacement  of,  in  brain  surgery, 

ii.  409 
sarcoma  of,  ii.  128,  641 
subperiosteal    formation    of,   ii. 

119 
syphilis  of,  ii,  123 
tissue,  cancellous,  ii.  115 

compact,  ii.  115 
transplantation  of,  ii.  123 
indications  for,  ii.  123 
tuberculosis  of,  ii.  123 ;  vii.  903 
Wormian,  viii.  713 
Bone-black,  ii.  800 
Bone  bobbin,  Robson's,  v.  179 
Bone  boiling,   regulations  for,  vi. 

333 
Bone-marro'w,  chemistry  of,  ii.  129 
extract  of,  therapeutics  of,  vi. 

414 
haematopoietic  functions  of,  ii. 

19;  vi.  413 
in  leukaemia,  v.  499,  501 
new-growths  of,  vi.  71 ;  and  see 
Myeloma 
Boneset,  vii.  756 
Bone-setting,  ii.  137 
Bonny  clabber,  how  to  make,  iii. 

453 
Books,  copyright  of,  iii.  282 
Boots  for  soldiers,  v.  795 
Boracic  acid,  ii.  130 ;  and  see  Boric 

add 
Borage,  ii.  129 
Borago  officinalis,  ii.  129 
Borax,  vii.  357 

as  a  germicide,  iv.  336 
as  a  preservative,  v.  839 
Borborygmi,  vii.  495 
Bordighera,  ii.  129 
Boric  acid,  ii.  130 

as  a  germicide,  iv.  331 
as  a  preservative,  v.  839 
in  milk,  determination  of,  v.  840 
Borland  Mineral  Well,  ii.  130 
Borlinetto's  powder,  vii.  910 
BDrn's  method  of  reconstructing  ob- 
jects from  microscopical  sections, 
iv.  717 
Borneol,  ii.  131 
Boroglyceride,  ii.  130 
Boroglycerin,  glycerite  of,  ii.  131 
Boron  preservative,  vi.  755 
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BorraginacesB,  ii.  131 
Borsch's  bandage,  i.  729 
Borthwick  Mineral  Springs,  ii. 
131  i-      5  > 

Boston,  ii.  131 
Boswellia,  vi.  355 

Carterii,  vi.  355 
Boswell  Springs,  ii.  132 
Boswellic  acid,  vi.  355 
Boswellinic  acid,  vi.  355 
Botany  Bay  gum,  viii.  818 

resin,  viii.  318 
Bot  flies,  V.  153 
Bothriocepbalus  latus,  ii.  793 

liguloides,  ii.  793 

Mansoni,  ii.  793 
Botkin's  apparatus  for  plate  cult- 
ure of  anaerobes,  viii.  430 
Bottini's  operation  for  hypertrophy 

of  the  prostate,  vi.  768 
Bougies,  V.  7S5 

a  boule,  viii.  33 

Eustachian,  use  of,  iii.  653 

filiform,  ii.  745;  viii.  22 
to  pass,  ii.  751 

gum  elastic,  viii.  22 

medicated,  v.  733 
Bouillon  as  a  culture  medium,  viii. 
370 

how  to  make,  iii.  454 
Boulder,  ii,  132 
Boulder  Hot  Springs,  ii.  132 
Boulimia,  vii.  494 
Bouncing  Bet,  vii.  356 
Bournemouth,,  ii.  132 
Bovista  plumbea,  iv.  286 
Bowden  Lithia  Springs,  ii.  134 
Bower's  trap,  iv.  765 
Bow-legs,  ii.  134 
Bowman's  capsule,  v,  310 

discs,  vi.  17 

root,  V.  312 

sarcous  elements,  vi.  17 
Box,  ii.  135 
Boxberry,  viii.  313 
Eozeman's  speculum,  viii.  171 

uterine  dressing  forceps,  iv.  464 
Braatz's  slide  for  anaerobic  hang- 
ing-drop examinations,  viii,  430 
Brachial  artery,  i.  453 

anomalies  of,  i.  539 

fascia,  i.  451 

lymphatic  glands,  v.  633 

monoplegia,  i.  468 

neuralgia,  vi.  346 

plexus,  vii.  309 

injuries  of,  iv.  539 
Brachialis  anticus  muscle,  anom- 
alies of,  vi.  53 
Brachialis  muscle,  i.  453 
Brachiocapsularis  muscle,  vi.  51 
Brachioradialis  muscle,  vi.  58,  54 
Brachydactyly,  iv,  498 
Bradford  Mineral  Springs,  ii.  136 
Bradycardia,  iv.  597;  vi.  800 
Braidism,  iv.  811 ;  and  see  Hypnosis 
Brain,  ii.  136 

abdominal,  see  Solar  plexus 

abscess  of,  ii.  318,  411,  449 

acervulus.  ii.  166 

acervus,  ii.  166 

adoccipital  fissure,  ii.  193 

alba  of,  ii,  139 

amygdala,  ii,  183 

amygdaline  fissure,  ii,  183 

mjenaia  of  the,  ii.  223 

anatomical  relations  of,  to  the  ex- 
ternal parts  of  the  head,  ii.  398 


Brain,  anatomy  of  the,  gross,  ii.  136 

minute,  ii.  823 
aneuiism  of  cerebral  arteries,  ii. 

337 
arbor  of  cerebellum,  ii.  160 
areas  of,  association,  ii,  305 

functionless,  ii.  311 

motor,  ii.  304 

of  hearing,  ii.  307 

of  smell,  ii.  308 

of  taste,  ii.  308 

sensory,  ii,  805 

silent,  ii.  811 
arteries  of  the,  ii.  349,  860 

aneurism  of,  ii.  887 
atrophic  parts  of,  ii.  140 
atrophy  of  the,  ii,  388 
aula  of,  ii.  150 
aulix,  ii.  166 

basisylvian  fissure,  ii.  193 
bequest  of,  form  of,  ii.  806 
brachia,  ii.  163 
Broca's  convolution,  ii.  303 
cacumen  of  cerebellum,  ii.  159 
calcarine  fissure,  ii.  188 
callosal  eminence,  ii.  177 

fissure,  ii.  190 

gyre,  ii.  198 
callosum,  ii.  188 
capsula,  ii.  181 

caudato-thalamic  fusion,  ii.  149 
caudatum,  ii.  181 
central  fissure,  ii.  194 
central  lobe  of  cerebrum,  ii.  187 
centres,  recognition  of,  ii.  409 
cerebellum,  ii.  157,  159 
cerebral  hemorrhage,  ii.  841 
cerebro-spinal  fluid,  ii,  245 
chemistry  of  the,  ii.  886 
ciliary  body,  ii.  163 
circulation  of  the,  ii,  848 
circuminsular  fissure,  ii.  801 
classification  of  parts,  ii.  153 
clava  of  post-oblongata,  ii.  154 
celian  circumscription,  ii.  151 
collateral  fissure,  ii.  190 
colliculi,  ii.  176 
columns  of  the  fornix,  ii.  179 
commissure  of  fornix,  ii.  180 
commissures  of,  ii.  140 
compared  to  a  house,  ii.  140 
conarium,  ii.  166 
conduction  paths  in,  ii.  360 
copula,  ii.  170,  183 
cornu  ammonis,  artery  of  the,  ii. 
354 

of  post-oblongata,  ii.  168 
corona,  ii.  181 
corpus  callosum,  ii.  183 

ciliare,  ii.  163 

denticulatum,  ii.  163 

fimbriatum,  ii,  180 

lenliculatum,  ii,  163 
crista  of  fornix,  ii.  208 
crura,  ii.  163 
definition  of,  ii.  138 
dentatum,  ii.  163   ' 

olivse,  ii.  156 
dentolivas,  ii.  156 
development  of  the,  ii.  868 
diacele,  ii.  "165 
diagnosis  of  local  lesions  in  the, 

ii.  383 
diaplexus,  ii.  151,  176 
diencephal,  ii.  165 
dissection  of  the,  ii.  388 
ectocinerea  of,  ii.  139 
embolus  of  the  cerebellum,  ii.  163 
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Brain,  encephalic  flexures,  li.  143 

variations,  ii.  153 
endymal  continuity,  ii.  151 
eutocinerea  of,  ii.  139,  163 

of  cerebellum,  il.  163 
epencephal,  ii.  156 
epicele,  ii.  157 
epiphysis,  ii.  166 

peculiar  topographical  rela- 
tions, ii.  167 
epiplexus,  ii.  157 
episylvian  fissure,  ii.  193 
exoccipital  fissure,  ii.  193,  204 
external  calcarine  fissure,  ii.  186 

capsule,  ii.  183 

occipital  Assure,  ii.  304 

perpendicular  Assure,  ii.  304 
falcula,  ii.  213 
falx,  ii.  311 

cerebelli,  ii.  213 
fastigatum,  ii.  163 
Aftli  ventricle,  ii.  184 
fimbria,  ii.  180 
fissural  connections,  ii.  190 

diagrams,  ii.  190 

integer,  ii.  198 

variation,  ii.  190 
fissure,  interhemispheral,  ii.  187 ; 
see  Intercerebral  fissure 

of  Rolando,  ii.  196 
flexures  of,  ii.  143 
flocculus,  ii.  158 
foramen  of  Magendie,  ii.  154 
forni  commissure,  ii.  180 
fornix,  ii.  179 
lossulse,  ii.  195 
frenulum,  ii.  323 
fresh,  transportation  of,  ii.  382 
frouto-marginal  fissure,  ii.  193 

gyre,  ii.  193 
furcal  sulcus,  ii.  160 
functions  of  cortex,  ii.  397 
germ,  ii.  183 
globulus,  ii.  163 
gross  or  macroscopic  anatomy  of 

the,  ii.  136 
growth  of  the,  ii.  314 
gyres,  li.  187 
habena,  ii.  166,  175 
heat  centres  in,  ii.  568 
hemifornix,  ii.  180 
hemorrhage  in,  ii.  341 
hippocamp,  ii.  179,  378 
.  hippocampal  fissure,  ii.  190 
histology  of  the,  ii.  333,  345 
human,  lightest  on  record,  ii.  338 
hyperaemia  of,  ii.  366 
hypophysis,  ii.  165 
hyposylvian  fissure,  ii.  193 
incallosal,  ii.  184 
inconstant  fissures  witli  gyres  in 

which  they  occur,  ii.  193 
indusium,  ii.  184 
inflected  fissure,  ii.  193 
insula,  ii.  187,  302 
insular  fissure,  ii.  193 

gyre,  ii.  193 
intercalatum,  locus  niger,  ii.  163 
intercerebral  fissure,  ii.  187 
interhemispheral  fissure,  ii.  187 
intermedial  fissure,  ii.  193 
internal  capsule,  ii.  181 
intraparacentral  fissure,  ii   193 
intraparietal  fissure,  ii.  198 
irregularities  of  contour,  ii.  140 
Island  of  Reil,  ii.  302;  see  also 

Insula 
isthmus,  ii.  143 
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Brain,  lambdoidal  fissure,  ii.  186 
lamina  cinerea,  ii.  167 
terminalis,  ii.  167 
lateral  recesses  of  epiplocele,  ii. 
157 
ventricles,  ii.  168 
lemniscus,  ii.  163 
lenticula,  ii.  185 
limbic  lobe,  ii.  308 
lingula,  ii.  160 
lobes,  ii.  187 
lobus  opertus,  ii.    187;  and   see 

Jnsula 
locus  niger,  ii.  163 
lymphatics  of,  ii.  363 ;  v.  639 
lyra,  ii.  180 

malformations  of,  vii.  698 
marginal  cinerea,  ii.  143 
medicinerea,  ii.  183 
medicornu,  ii.  173 
medifrontal  fissure,  ii.  193 

gyre,  ii.  193 
mediocommissure,  ii.  166 

anomalies  of,  ii.  166 
meninges  of,  ii.  309 
mesencephal,  ii.  163 
mesocele,  ii.  163 
metacele,  ii.  154 
metaplexus,  ii.  151,  155 
metapore,  ii.  154 
metatQla,  ii.  155 
metencephal,  ii.  154 
metencephalon,  ii.  157 
metepencephal,  ii.  333 
methods  of  removing,  preserv- 
ing, dissecting,  and  drawing, 
ii.  369 
morphological  aspect  of,  ii.  136 
normalization,  ii.  143 
nucleus  dentatus  of  the  cerebel- 
lum, ii.  163 
obex,  ii.  155 
occipital  lobe,  ii.  187 
of  college  professors  should  be 

examined,  ii.  306 
of  Cyclops,  ii.  167 
of  monkey,  less  useful  than  that 
of  foetus  for  elucidating  fis- 
sures, ii.  189 
olfactory  bulb,  ii.  143,  306 

crus,  ii.  143 

fissure,  ii.  143-193 

tract,  ii.  306 
olivia,  ii.  155 
operculum,  ii.  303 
orbital  fissure,  ii.  193 

gyre,  ii.  193 
orbito-frontal  fissure,  ii.  193 
Pacchionian  bodies,  ii.  389 
pala,  ii.  174 
paracentral  fissure,  ii.  193 

gyre,  ii.  193 
paraeele,  ii.  168,  178 
paraflocculus,  ii.  158 
paraoccipital  Assure,  ii.  19« 

gyre,  ii,  193 
paraplexus,  ii.  177 
raratela,  ii.  173 
parietal  fissure,  ii.  193 

gyre,  ii.  193 

lobe,  ii.  187 
parietesof  unequal  thickness,  ii. 

139,  144 
paroccipital  fissure,  ii.  198 
partial  Assures,  ii.  191,  193 

with  structural  correlations, 
ii.  193 
peduncles  of  cerebellum,  ii.  158 


Brain,  peduncles  of  cerebrum,  ii.  163 
peduncular  sulcus,  ii.  160 
permanent  fissures,  ii.  187 
classification  of,  ii.  193 

pileums  of  cerebellum,  ii.  159 

pineal  gland,  ii.  166 

pituitary  body,  ii.  165 

plexuses,  ii.  140 

poles  of,  ii.  187 

ponia,  ii.  304 

pomatic  fissure,  ii.  304 

pons,  ii.  158 

porta  of,  ii.  169 

portiplexuses,  ii.  140 

postbrachlum,  ii.  163 

postcalcarine  fissure,  ii.  193 

postcentral  fissure,  ii.  193 
gyre,  ii.  193 

postcommissure,  ii.  163 

postcribrum,  ii.  143,  164 

posterior  perforated  space,  ii.  164 

postforceps,  ii.  183 

postfrontal  lobe,  ii.  187 

postgeniculum,  ii.  164 

postliypophysis,  ii.  165 

postinsula,  ii.  193 

postoblongata,  ii.  154 

postoperculum,  ii.  193 

postparoccipital  fissure,  ii.  193 

postspinal  fissure,  ii.  309 

prebrachium,  ii.  163 

precentral  fissure,  ii.  193,  377 
gyre,  ii.  193 

precommissure,  ii.  308 

precuneal  fissure,  ii.  193 
gyre,  ii.  193 

precribrum,  ii.  143 

preforceps,  ii.  183 

prefrontal  lobe,  ii.  187 

pregeniculum,  ii.  164 

prehypophysis,  ii.  165 

preinsula,  ii.  193 

preoblongata,  ii.  157 

preoperculum,  ii.  193 

preparoccipital  fissure,  ii.  194 

preservation  of,  ii.  378 

pi'esylvian  fissure,  ii.  193 

proscelian  parietes,  modifications 
of,  ii.  181 

prosencephal,  ii.  167 

prosocele,  ii.  167 

prosotei-ma,  ii.  165 

pseudocele,  ii.  184 

putamen,  ii.  181 

pyramis  of  the  cerebellum,   ii. 
155 

rectification,  ii.  143 

removal  of,  in  autopsies,  i.  656 

removal,  preservation,  and  dis- 
section of,  ii.  369 

rhinencephal,  ii.  306 

rhinencephalon,  ii.  308 

rima,  ii.  173 

riparian  parts  of,  ii.  140 

rostrum,  ii.  183 

ruga,  ii.  310,  311 

sagittal  fissure,  ii.  187 

sectioning  of,  ii.  334 

segmental  names,  ii.  146 
overlapping,  ii.  149,  164 

segments  of,  change  in  relative 
size,  ii.  148 
comparative  view  of,  ii.  145 
number  of,  ii.  146 
potentially  triple,  ii.  149 
primitively  mesal  and  sin- 
gle, ii.  149 
provisional  grouping,  ii.  153 
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Brain  segments,  relative  size  of,  ii. 
146 
segmentation  of,  ii.  144 
serous  cavities  in  the,  ii.  364 
sinuses  of  tlie,  ii.  360 
softening  of  the,  il.  395 
specimens,  labelling  of,  ii.  386 
splenium,  ii.  183 
staining,  ii.  335 
stem,  ii.  154 

subcentral  fissure,  ii.  193 
subfissures,  ii.  301 
subfrontal  Assure,  ii.  193,  303 

gyre,  ii.  193,  303 
subgyres,  ii.  301 
suboperculum,  ii.  193 
subparietal  gyre,  ii.  193 
substantia  nigra,  ii.  163 
subsylvian  fissure,  ii.  193 
subtempioral  fissure,  ii.  194 
sulci,  see  Fissures 
sulcus  choroideus,  ii.  175 
supercallosal  fissure,  ii.  193 
supercentral  fissure,  ii.  193 
superfissures,  ii.  301 
superfrontal  fissure,  ii.  193 

gyre,  Ii.  193 
supergyres,  ii.  301 
supertemporal  fissure,  ii.  193 

gyre,  ii.  193 
Sylvian  fissure,  ii.  305,  376 
taenia  hippocampi,  ii.  180 
temporal  gyre,  ii.  193 
temporo-occipital  fissure,  ii.  304 
terma,  ii.  153,  167 
third  ventricle  of,  ii.  168 
tonsilla  of  cerebellum,  ii.  155 
topography  of  the,  vii.  339 

Chiene's     method     of     re- 
search, ii.  405;  vii.  340 

Hare's  method  of  research, 
ii.  404 

Horsley's     method    of    re- 
search, ii.  400 

in  its  surgical  relations,  ii. 
399,  401 

Kronlein's    method    of    re- 
search, ii.  405 

Reid's  method  of  research, 
ii.  403 

"Wilson's  cyrtometer,  ii.  404 
total  Assures,  ii.  191 
tracts  of,  ii.  388 
transinsular  fissure,  ii.  193 
transitory  fissures,  ii.  158 
transportation  of,  ii.  383 
transtemporal  fissure,  ii.  194 
transverse  occipital  fissure,  ii.  198 
tuber,  ii.  153,  165 
unequal  thickness  of  celian  pari- 

etes,  ii.  139 
uvula  of  cerebellum,  ii.  155 
vallecula  of  cerebellum,  ii.  155 
valvula,  ii.  163 
variations  in,  ii.  153 
veins  of  the,  ii.  355,  359 
velum,  ii.  180 

vermis  of  cerebellum,  ii.  159 
volume  of,  to  determine,  ii.  376 
weight  of,  ii.  306,  314,  376 
wounds  of,  iv.  561 
Brain,  abscess  of,  ii.  318:  iv.  561 
a  factor  in  insanity,  v.  96 
clinical  history,  ii.  330 
complicating  inflammation  of  the 

ear,  iii.  655 
diagnosed    from    tumor  of  the 
brain,  ii.  449 
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Brain,  abscess  of,  diagnosis,  ii.  333 
etiology,  ii.  318 
extradural,  ii.  415 
intracranial,  ii.  411 
pathological  anatomy,  ii.  319 
treatment,  ii.  233 
Brain,  aneemia  of,  ii.  333 
acute  universal,  ii.  333 
chronic  universal,  ii.  234 
circumscribed,  ii.  324 
diagnosis,  ii.  336 
partial,  ii.  334 
prognosis,  ii.  336 
symptomatology,  ii.  334 
treatment,  ii.  236 
Brain  and  membranes,  parasites 

of,  vi.  500 
Brain  and  nerves,  chemistry   of, 

ii.  336 
Brain,   aneurism  of  arteries  of, 
ii.  337 
diagnosis  of,  ii.  450 
Brain,  atrophy  of,  ii.  338 
acquired,  ii.  231 

congenital,    primar}',   and    gen- 
eral, ii.  328 
primary,  and  partial,  ii.  328 
secondary,  ii.  239 
symptoms,  ii.  230 
Brain,  carcinoma  of,  diagnosis  of, 

ii.  450 
Brain,  cephalocele,  ii.  333 
Brain,  cerebellar  disease,  ii.  338 
Brain,    cerebral  hemorrhage,  ii. 

341 
Brain,  cholesteatoma  of,  iii.  36 
Brain,  compression  of,  ii.  365,  420 
diagnosed    from  concussion,   ii. 
367 
Brain,  concussion  of  the,  ii.  266 
post-mortem  appearances  of,  i. 
668 
Brain,  contusion  of,  post-mortem 

appearances  of,  i.  668 
Brain,  cysticerci  of,  iii.  345 
Brain,  development  of,  ii.  268 

lack  of,  in  insanity,  v,  51 
Brain,  diagnosis  of  local  lesions, 
ii.  383 
at  the  base  of,  ii.  287 
of  the  basal  ganglia,  ii.  286 
of  the  cerebellum,  ii.  286 
of  the  cerebral  tracts,  ii.  284 
of  the  claustrum,  ii.  386 
of  the  corpora  quadrigemina,  ii. 

286 
of  the  cortex  cerebri,  ii.  282 
of  the  external  capsule,  ii.  386 
of    the    medulla    oblongata,   ii. 

387 
of  the  pons  Varolii,  ii.  387 
of  the  tegmentum  of  the  crura 
cerebri,  ii.  386 
Brain,  diseases  of,  abscess  of,  ii. 
318;  iv.  561 
anaemia  of,  ii.  333 
aneurism  of  arteries  of,  ii.  336 
atrophy  of,  ii.  228 
cephalocele,  ii.  233 
cerebellar  disease,  ii.  238 
cerebral  hemorrhage,  ii.  241 
changes  in  the  nails  in,  vi.  97 
compression  of,  ii.  265,  267 
concussion  of.  ii.  266 
diagnosis  of  local  lesions,  ii.  383 
dropsy  of,  ii.  481 
electrotherapeutics  in,  iii.  761 
embolism,  ii.  294 


Brain,  diseases  of,  hemianopsia  a 
symptom  of,  iv.  631 
hernia  of,  ii.  233;  iv.  561 
hydrocephalus,  iv.  777 
hyperemia  of,  ii.  366 
lesions  of  the  corpora    quadri- 
gemina, ii.  369 
of  the  corpora  striata,  ii.  369 
meningitis,  ii.  390 
softening  of  the,  ii.  395 
syphilis  of  the,  ii.  427 
thrombosis  of,  ii.  396 
traumatic  affection  of,  see  Skull, 

etc. 
tuberculous  meningitis,  ii.  431 
tumors  of,  ii.  435 
Brain,  dropsy  of  the,  ii.  431 
Brain,  embolism  and  thrombo- 
sis of,  ii.  394 
Brain,  hemorrhages  in,  ii.  241 
Brain,  hernia  of,  ii.  233 ;  iv.  561 
Brain,  hypersemia  of,  ii.  366 
Brain  in  cretinism,  iv.  395 
Brain,  laceration  of,  post-mortem 

appearances  of,  i.  668 
Brain,    lesions    of   the     corpora 

quadrigemina,  ii.  369 
Brain,    lesions    of   the    corpora 

striata,  ii.  369 
Brain,  malformations  of,  vii.  697, 

698 
Brain,  parasites  of,  vi.  500 
Brain,     removal,    preservation, 

and  dissection  of,  ii.  369 
Brain  sand,  iii.  228 
Brain,  simple  meningitis,  ii.  390 
Brain,  softening  of,  ii.  395 
age  of  occurrence  of,  ii.  395 
and  tumor  of,  diagnosis,  ii.  450 
diagnosis,  ii.  397 
etiology,  ii.  396 
pathological  anatomy,  ii.  395 
prognosis,  ii.  397 
symptoms,  ii.  396 
treatment,  ii.  398 
Brain,  surgery  of  the,  ii.  398 ;  see 
also  Trepanning 
after-treatment,  ii.  410 
anesthetics  in,  ii.  406 
antiseptic  preparation  of  the  pa- 
tient, ii.  406 
cerebral  abscess,  ii.  411 
compression  of  the  brain,  ii.  420 
contusion,  ii.  433 
drainage  in,  ii.  409 
epilepsy,  ii.  419 
fractures  of  the  skull,  ii.  421 

at  the  base,  ii.  433 
general  technique  of  operations, 

ii.  406 
gunshot  wounds,  ii.  421 
hemorrhage,  ii.  408 
history,  ii.  398 
injuries  of  the  head,  ii.  420 
inspection    of    the    brain,   after 

opening  the  skull,  ii.  408 
intracranial  hemorrhage,  ii.  423 
inveterate  headache,  ii.  43.i 
landmarks  on  the  skull,  ii.  401 
limits   of  operative  intertereuce 

with  the  brain,  ii.  410 
marking  the  bone,  ii.  407 
mental  disturbances,  ii.  425 
methods    of    topographical    re- 
search, ii.  402 
mode  of  access  to  the  brain,  ii. 

407 
osteoplastic  resection,  ii.  407 
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Brain,  surgery  of  the,  percussion 
of  the  skull   as  a  diagnostic 
measure,  ii.  406 
preventive  trephining  in  contu- 
sion, ii.  430 
punctured  wounds  of  the  brain, 

ii.  421 
recognition  of  centre  sought  for, 

ii.  409 
replacement     of    the    bone,    ii. 

409 
secondary  operations,  ii.  410 
separation  of   the    dura    mater 

from  the  skull,  ii.  408 
shaving  the  head,  ii.  406 
substitute  for  the  dura,  ii.  410 
tapping  of  the  lateral  ventricles 
as  a  definite   surgical   proce- 
dure in  meningitis  with  effu- 
sion, and  especially  in  tuber- 
culous meningitis,  ii.  426 
topography  of  the  brain,  ii.  399 
treatment  of  the  wound,  ii.  410 
trephining  for  arrested  develop- 
ment, ii.  426 
Brain,  syphilis  of,  ii.  437 
Brain,  thrombosis  of,  ii.  294 
Brain,   tuberculous   meningitis, 

ii.  431 
Brain,  tumors  of  the,  ii.  435 

and  abscess,  differential  diagno- 
sis, ii.  449 
and  cerebral  hemorrhage,  diag- 
nosis of,  ii.  449 
and  general  paralysis,  diagnosis 

of,  ii.  449 
and  hydrocephalus,  diagnosis  of, 

ii.  449 
and  locomotor  ataxia,  diagnosis 

of,  ii.  449 
and  multiple  cerebro-spinal  scle- 
rosis, diagnosis  of,  ii.  449 
and  softening,   diagnosis  of,  ii. 

450 
and     tuberculous    meningo-en- 
cephalitis,  diagnosis  of,  ii.  449 
as  factor  in  insanity,  v.  96 
choked  disc  in,  ii.  437 
cholesteatoma,  iii.  36 
complicating  lesions,  ii.  451 
diagnosis,  ii.  445 

of  the  site,  nature,  size,  etc., 
ii.  445 
differential  diagnosis  of,  ii.  449 
diffused  symptoms  in,  ii.  435 
disturbance  of  language  in,  viii. 

318 
eye  symptoms  in,  ii.  444 
focal  symptoms  in,  ii.  439 
latent,  ii.  448 

lesions  of  motility  in,  ii.  439 
of  sensibility,  ii.  443 
of  the  special  senses  in,  ii. 
440 
local  diagnosis  of,  ii.  446 
parts  of  the  brain  in  which  tu- 
mors are  most  frequently  la- 
tent, ii.  448 
pathological  anatomy  of,  ii.  450 
percentage    of     recovery    after 

operation,  ii.  453 
prognosis,  ii.  450 
psychic  changes  due  to,  ii.  437 
surgery  of,  ii.  451 
symptoms,  ii.  435 
treatment  of,  ii.  451 
varying  symptoms  of,  according 
to  location,  ii.  446 
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Brain,  vessels  of  the,  ii.  249 
arteries,  ii.  249 
circle  of  Willis,  ii.  261 
dural  sinuses,  ii.  260 
nomenclature,  ii.  349 
veins,  ii.  255 

and  arteries  of,  general  rela- 
tions of  the,  ii.  260 
venules  of  the  cortex,  ii.  360 
Brain-weight,  ii.  306 
Brain,  wounds  of,  iv.  561 

a  factor  in  insanity,  v.  96 
Branchial  arches,  vi.  200 
Branchial  clefts,  hiematocysts  of, 

ii.  459 
Branchial  cysts,   ii.  457;  vi.  300; 
vii.  701 
atheromatous,  ii.  457 
diagnosis,  ii.  459 
differential  diagnosis,  ii.  459 
hsematocysts,  ii.  459 
mucous,  ii.  457 
prognosis,  ii.  460 
serous,  ii.  459 
treatment,  ii.  460 
varieties,  ii.  457 
Branchial  dermoids,  vi.  200 
Branchial  flstulee,  vi.  200 
Brandy,  i.  169 
Brandy-and-egg  mixture,  how  to 

make,  iii.  455 
Brasdor's  method  of  treating  aneur- 
ism, i.  332 
Brass,  effect  of,  on  workers  in,  vi. 

336 
Brassica  alba,  vi.  67 

nigra,  vi.  67 
Braxton  Hicks'  sign,  iv.  343 
Brayera,  v.  376 

Brazil,  history  of  yellow  fever  in, 
viii.  585 
Pharmacopoeia  in,  vi.  583 
Bread,  adulteration  of,  iv.  176 

amount  allowed  soldiers,  v.  79'J 

as  food  for  invalids,  iii.  456 

as  nutrient  medium  for  bacteria, 

viii.  378 
as  part  of  rations  for  soldiers,  v. 

800 
diabetic,  iii.  431 
Break-bone  fever,  iii.  400 
Breast,  bandage  of,  i.  730 
chicken-,  ii.  810 
pigeon-,  ii.  810 
Breast,    female,   ii.   461;    and   see 

Hamma 
Breast,  female,  diseases  of  the, 

ii.  471 ;  and  see  Mamnia 
Breath,  ii.  479 

foul,  causes  of,  ii.  480 

in  diseases  of  the  stomach,  vii 

493 
offensive,  in  dyspepsia,  ii.  480 
Breathing,  bronchial,  ii.  817 
bronchovesicular,  ii.  817 
cavernous,  ii.  818 
Cheyne-Stolses',  vi.  953 
in  appendicitis,  i.  433 
laryngeal,  ii.  817 
pulmonary,  ii.  817 
sibilant,  ii.  818 ;  vi.  838 
sonorous,  ii.  818;  vi.  838 
tubular,  il.  817 
vesicular,  il.  817 
Breech  presentation,  management 

of,  V.  393 
Breeches,  military,  v.  795 
Breeze-flies,  v.  165 


Bregma,  vii.  339,  338 
Brehmer  sanatorium,  iv.  375 
Breisky's  pelvimeter,  vi.  533 
Brides  les  bains,  ii.  483 
Brieger's  bases,  ptomalns,  vi.  786, 
790,  791 
method  of  isolation  of  ptomaYns 
from  urine,  viii.  53 
Bright's  disease,  v.  330;  see  also 
Nephritis 
acute,  V.  331 
chronic,  v.  337 
erythema  in,  iv.  8 
retina  in,  vi.  956 
Brisement  force  in  ankylosis,  v.  393 
British  Empire,  Pharmacopoeia  in, 

vi.  583. 
Brittleness  of  the  nails,  vi.  93 
Broadbent's  sign  in  adherent  peri- 
cardium, vi.  561 
Broad  ligaments,  anatomy  of,  vii. 
160 
cysts  of,  iii.  351 
myoma  of,  vi.  76 
Broca's  area,  i.  411 
convolution,  ii.  303 
to  locate,  il.  405 
Brockton    system  of    sewage    dis- 
posal, vii.  137 
Bromal,  ii.  483 

hydrate,  ii.  483 
Bromalin,  ii.  483 
Bromanide,  ii.  483 
Bromeliaceae,  ii.  483 
Bromelin,  a   vegetable  proteolytic 

enzyme,  iii.  843 
Broniidia,  ii.  486 
Bromides,  ii.  483 

as  digestants,  iii.  471 
hypnotic  action  of,  iv.  817 
medicinally  used,  ii.  484 
of  ammonium,  i.  485 
of  calcium,  ii.  486 
of  iron,  v.  338 
of  lithium,  ii.  485 
of  potassium,  ii.  484 
of  rubidium,  vi.  1003 
of  sodium,  ii.  485 
of  strontium,  ii.  485 
of  zinc,  viii.  339 
properties  of,  ii.  483 
therapeutics  of,  ii.  484 
Bromidrosis,  ii.  486 
Bromine,  ii.  486 

as  a  cause  of  ecthyma,  iii.  433 
as  a  germicide,  iv.  331 
toxicology  of,  ii.  487 
Bromine-Arsenic  Springs,  ii.  487 
Bromine  chloride,  ii.  487 
Bromipin,  ii.  487 
Bromism,  ii.  483 
Bromo-albumin,  ii.  487 
Bromoform,  ii.  487 
Bromo-hsemol,  v.  330 
Bromol,  ii.  488 
Bromum,  ii.  486 
Bronchi,  anatomy  of,  v.  577 
atresia  of,  i.  603 
external  fibrous  layer  of,  ii.  488 
foreign  bodies  in,  "i.  160 
histology  of,  ii.  488 
internal  elastic  layer,  ii.  488 
lympliaticsof,  ii.  489;  v.  584,  644 
measurements  of,  viii.  340 
minute  anatomy  of,  ii.  488 
mucous  membrane  of,  ii.  489 
muscular  layer  of,  ii.  488 
nerve  supply  of,  ii.  489 
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Bronchi,  pressure    on,  a   cause   of 
dyspncEa,  iii.  579 
stenosis  of,  i   603 
structure  of,  ii.  488 
syphilis  of,  v.  445 ;  vii.  631 
topography  of,  ii.  813 
vascular  supply  of,  ii.  489 
Bronchia,  ii.  488 
Bronchial  arteries,  ii.  489 
Bronchial  breathing,  ii.  817 
Bronchial  hemorrhage,  iii.  464 
Bronchial  lymphatic  glands,  v. 
587 
albuminoid  degeneration  of,  v. 

588 
cancer  of,  v.  588 
diseases  of,  v.  729 

classification,  v.  587,  739 
etiology,  v.  588 
history,  v.  687 
pathology,  v.  587 
physical  signs,  v.  589 
prognosis,  v.  589 
symptoms,  v.  588 
treatment,  v.  589 
hyperplasia  of,  v.  739 
inflammation  of,  v.  587 
pigmentation  of,  v.  588 
syphilis  of,  v.  588 
tuberculosis  of,  v.  588,  739 
Bronchiectasis,  viii.  455 
complications,  viii.  459 
diagnosis,  viii.  459 
duration  and  course,  viii.  459 
etiology,  viii.  455 
location,  viii.  457 
morbid  anatomy,  viii.  455 
prognosis,  viii.  460 
symptoms,  viii.  458 
treatment,  viii.  459 
varieties,  viii.  455 
Bronchiectatic  abscess,  viii.  406 

cavities,  vii.  755 
Bronchitis,  ii.  489 
acute,  ii.  489 

diagnosis,  ii.  490 
etiology,  ii.  490 
pathology,  ii.  491 
symptoms,  ii.  489 
treatment,  ii.  491 
among  troops,  ii.  615 
capillary,  ii.  493 ;  and  see  Bron- 
chopneumonia 
dyspnoea  in,  iii.  580 
Infantile,  vi.  684 
chronic,  ii.  494 

diagnosis,  ii.  496 
etiology,  ii.  496 
pathology,  ii.  495 
symptoms,  ii.  495 
treatment,  ii.  496 
climate  suitable  for,  iv.  565 
complicating  influenza,  v.  16 

measles,  v.  719 
croupous,  iv.  151 
exudative,  iv.  151 
fibrinous,  iv.  151 
following  anaesthesia,  iii.  34 
health  resorts  for,  iv.  565 
occupation  as  a  cause  of,  vi.  318 
plastic,  iv.  151 
pseudomembranous,  iv.  151 
sputum  in,  vii.  433 
tuberculous,  vii.  900 
Bronchioles,  mucous  membrane  of, 

ii.  489 
Bronchiolitis,  acute,  ii.  493 
Bronchocele,  iv.  876;  see  Goitre 


Bronchophony,  ii.  818 
Bronchopneumonia,  vi.  671 

acute,    following  chronic  bron- 
chitis, ii.  495 
bacteriology,  vi.  671 
complications,  vi.  673 
diagnosis,  vi.  673 
etiology,  vi.  671 
following  anaesthesia,  iii.  24 
pathology,  vi.  671 
signs,  vi.  673 
symptoms,  vi.  673 
synonyms,  vi.  671 
treatment,  vi.  673 
tuberculous,  vii.  900 
Bronchopneumonia,  infantile,  vi. 
684 
bacteriology,  vi.  685 
complications,  vi.  687 
course  of,  vi.  687 
diagnosis,  vi.  687 
in  other  diseases,  vi.  687 
symptoms,  vi.  686 
terminations,  vi,  686 
treatment,  vi.  688 
types  of,  vi.  687 
Bronchotomy,  vii.  833 
Broncho-vesicular  breathing,  ii. 

817 
Bronchus,  eparterial,  v.  578 
Broom,  ii.  498 
tops,  ii.  498 
Bronzed  skin  disease,  i.  106 
Broth,  mutton,  how  to  make,  iii.  454 

veal,  how  to  make,  iii.  464 
Brow  presentations,  management 

of,  V.  391 
Brown  milk,  v.  833 

mixture,  v.  618 ;  vi.  387 
Brown's  (F.  Tilden)  irrigating  cys- 
toscope  for  bilateral  catheteriza- 
tion, V.  349 
Brown-Sequard's  sesthesiometer,  i. 
135 
paralysis,  vii.  373 
Brownsville,  ii.  498 
Brown's  "Wells,  i.  498 
Brueine,  vi.  308 

sulphate,  vi.  308 
Briicke's  pepsin  fluid,  iv.  713 
Brugere's  powder,  vii.  910 
Bruit,  uterine,  iv.  343 
Brunella,  v.  379 
Brunfelsia  hopeana,  v.  686 
Brunner's  glands,  histology  of,  v. 

184 
Bruns'  method  of  tarsectomy,  vi.  939 
operation  (clieiloplasty),  vi.  903 
Bryant's  line,  iv.  690 
Bryonia,  ii.  498 
alba,  ii.  498 
dioica,  ii.  498 
Bryonidin,  ii.  498 
Bryonin,  ii.  498 
Bryony,  ii.  498 
Bubo,  ii.  499 

definition,  ii.  499 
etiology,  ii.  499 
following  chancroids,  ii.  500 
idiopathic,  ii.  501 
non-venereal,  ii.  500 
pathological  anatomy,  ii.  499 
primary,  ii.  501 
simple,  ii.  501 
submaxillary,  vi.  593 
symptoms,  ii.  501 
syphilitic,  ii.  503;  vii.  606 
tertiary,  vii.  618 


Bubo,  treatment  of,  ii.  503 
varieties  of,  ii.  499 
venereal,  ii.  500 
virulent,  ii.  501 
Bubon  d'emblee,  ii.  501 
Bubonic  plague,  ii.  504 
among  troops,  ii.  575  , 
bacteriological  diagnosis  of,  viii. 

441 
bacteriology  of,  i.  718;  ii.  504 
cause,  ii.  504 

diagnosis,  iii.  510;  viii.  399 
epidemics,  ii.  505 
essential  characters  of,  ii.  505 
histology,  ii.  510 
morbid  anatomy,  ii.  510 
mortality,  ii.  510  « 

propagation  of,  ii.  507 
prognosis,  ii.  510 
quarantine  for,  vi.  834 
symptoms,  ii.  508 
treatment,  ii.  511 

serum  for,  ii.  511 
Buchner's  pyrogallate    method    of 

cultivatins  anaerobes,  viii.  430 
Buchu,  ii.  514 

camphor,  ii.  514 
Buck's  extension  apparatus,  iv.  365 
operation  (cheiloplasty),  vi.  903 
scarificator  for  oedema  glottidis, 
V.  413 
Buckbean,  ii.  514 
Buckeye,  ii.  514 
Buckthorn,  ii.  515 
"Budapest,"  ventilation  of  the,  vi. 

165 
Budding,  ii.  515 
Buena  Vista  Springs,  ii.  515 
Buffalo  Lithia  Springs,  ii.  516 
Buffer's  consumption,  v.  594 
Bugle,  ii.  516 

bitter,  v.  379 
Bugs,  cannibal,  v.  161 
kissing,  v.  161 
Miana,  i.  437 
pirate,  v.  161 
water,  giant,  v.  160 
wheel,  V.  163 
Building  materials,  suitable,  iv. 
751 
micro-organisms  in,  iv.  751 
Buildings,   sanitary  inspection  of, 

iv.  768 
Bulb,  olfactory,  ii.  306 
Bulbar  palsy,  chronic  progressive, 

vi.  66  ;  viii.  635 
Bulbo-cavernosus  muscle,  anom- 

ahes  of,  vi.  63 
BuUee,  drugs  producing,  iii.  432 
Bullet  tree,  i.  733 
Bullets,  lodgment  of,  iv.  441 
rotation  of,  iv.  430  ' 
wounds,  see  Ounslwt  wounds 
in  medico-legal  autopsies,  i. 
666 
Bully  tree,  i.  733 
Bullock,  ha'molvmph  glands  of,  iv. 

467 
Bulpiss,  ii.  516 
Bunion,  iv.  314 

Bunsen's  thermo-regulator,  viii.  384 
Buphthalmus,  iv.  364 
Burdach,  columns  of,  vii.  297 
Burdett  Mineral  Springs,  ii.  516 
Burdock,  ii.  517 
fruit,  ii.  517 
Burden    Sanderson's    gauge    tor 
measuring  vaccine  vesicles,  viii.  119 


Burgundy  pltcli. 
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Burg^undy  pitch,  vi.  639 
Burial,  iii.  356 

dangers  of,  iii.  357 
Burlington,  ii.  517 
Burner,  for  acetylene  gas,  iv.  761 

Welsbach,  iv.  761 
Burnet,  ii.  517 

Burnett's  disinfecting  fluid,  viii.  340 
modification  of  Siegel's  specu- 
lum, iii.  663 
Burning  bush,  viii.  373 
Burns  and  scalds,  ii.  517 ;  iii.  416 
amputation  in,  i.  235 
ante-mortem  and  post-mortem,  i. 

674;  ii.  521 
as  cause  of  death,  i.  673 
•  cause  of  death  from,  ii.  531 
causes  of,  indicated  by  appear- 
ances, ii.  520 
classification,  ii.  518 
complications,  ii.  518 
degrees  of,  iii.  416 
difference  between,  ii.  517 
effects  of,  ii.  530 
from  acids,  ii.  530 
medico-legal  relations  of,  ii.  519 
of  eyelids,  iv.  133 
of  hands,  iv.  503 
of  larynx,  v.  414 
of  mouth,  viii.  583 
of  tongue,  vii.  796 
pathology  of,  iii.  416         * 
post-mortem  appearances,  ii.  521 
powder,  iv.  441 
prognosis,  ii.  518 
symptoms,  ii.  518 
treatment,  ii.  518 
Xray,  vi.  990 
Burq's  dynamometer,  iii.  563 
Bursa  tendinosa  radialis,  iv.  482 

tendinosa  ulnaris,  iv.  483 
Bursas,  ii.  533 

cysts  in,  iii.  350 

inflammation  of,  v.  266 

list  of,  ii.  522 

of  the  ankLle,  ii.  526 

of  the  elbow,  ii.  524 

of  the  foot,  ii.  536 

of  the  hand,  ii.  524 

of  the  head,  ii.  533 

of  the  hip,  ii.  525 

of  the  linee,  ii.  525- 

of  the  neclc,  ii.  523 

of  the  shoulder,  ii.  523 

of  the  trunk,  ii.  533 

of  the  wrist,  ii.  534 

surgical    affections  of,   ii.   638- 

iv.  513 
ulnar,  ii.  534 
Burseraceae,  ii.  539 
Bursitis,  i.  471 ;  ii.  538 

prepatellar,  v.  274 
Biirstensaum,  v.  311 
Burying  alive,  in  catalepsy,  ii.  717 
Bush,  sweet,  iv.  148 
Butane,  vi.  971 
Buthus  carolinus,  v.  159 
Butneria,  ii.  571 
fertilis,  ii.  571 
Butter,  V.  828 

adulteration  of,  iv.  180 
cocoa,  ii.  531 
cysts,  viii.  483 
nutmeg,  vi.  307 
of  cacao,  ii.  531 
of  zinc,  viii.  338 
Buttercup  family,  see  Ranuneulacem 
Butterfly  weed,  vi.  668 

T58 


Buttermilk,  v.  823,  838 
Butternut,  ii.  529 
Butter-worth's  Mineral  Springs, 

ii.  529 
Button,  dog,  vi.  307 

mescal,  v.  761 

Murphy,  v.  179 

muscale,  v.  761 

quaker,  vi.  307 
Button  scurvy,  iii.  707 
Butylamin,  ptomaVn,  vi.  785 
Butyl  chloral  hydrate,  ii.  539 

as  a  hypnotic,  iv.  815 
Butyric  acid  as  a  germicide,  iv.  331 
Buxine,  i.  753;  ii.   135,  136;  vi.  508 
Buxton,  viii.  460 
Buxus  sempervirens,  ii.  135 
Byrne's  operation  for  cancer  of  the 

cervix  uteri,  viii.  90 
Byron  Springs,  ii.  530 
Byssinosis,  v.  591 

Cabinet,  pneumatic,  vi.  669 
Cabins  for  soldiers,  v.  811 
Cacao,  butter  of,  ii.  531 
Cachexia,  ii.  531 

lead,  V.  473 

malarial,  v.  680 

strumipriva,  vi.  409 

thyreopriva,  vi.  409 
Cacotrophia  foUiculorum,  v.  307; 

see  also  Keratosis  pilaris 
Cactacese,  ii.  538 

poisonous  plants  of,  vi.  694 
Cactus,  ii.  533;  iii.  164 

coccus,  iii.  164 

grandiflorus,  ii.  538 

as  cardiac  stimulant,  ii.  703 
Cadaver,  decomposition  of,  ii.  537 

disposition  of,  ii.  534 

identification  of,  ii.  539 

legal  status  of,  ij.  538 

of  new-born,  examination  of,  vi. 
376 

petrification  of,  vi.  576 
Cadaveric  lividity,  iii.  121 
Cadaverin,  ptomain,  vi.  785 
Cade,  oil  of,  ii.  540 
Cadinene,  ii.  541;  iii.  338 
Cadmium,  ii.  541 

poisoning  by,  ii.  541 

sulphate,  ii.  541 
Caecum,  diseases  of,  i.  431 ;  iii.  198, 
201 

measurements  of,  viii.  239 

topographical  anatomy  of,  i.  183 
Csesalpina,  bonduc,  ii.  115 

bonducella,  ii.  115 
Csesarean  section,  ii.  541 ;  and  see 
Calio-hyslerectomy 

in  deformed  pelvis,  vi.  530 
Cafieine,  ii.  545 

as  a  cardiac  stimulant,  ii.  702 

as  a  diuretic,  ii.  546 ;  iii.  545 

citrate,  iii.  546 

effect  on  body  temperature,   ii. 
571 

effervescing  citrate  of,  ii.  546 

hypodermatic  use  of,  iv.  820 

methoxy-,  v.  780 
Caffeo-tannio  acid,  iii.  190 
Cairo,  climate  of,  iii.  727 
Caisson  disease,  ii.  547 ;  vi.  320 
Cajeput,  oil  of,  ii.  548 
Cajeputa  leuoadendron,  ii.  548 
Caju  nut,  ii.  707 

poisonous  plant,  vi.  698 
Calabar  bean,  ii.  548 


Calabarine,  ii.  548 
Calamine,  ii.  550;  viii.  338 
Calamintha,  v.  879 
Calamus,  ii.  549 
draco;  iii.  553 
Calcaneo-bursitis,  iv.  316 
Calcaneo-varus,  acquired,  iv.  236- 
Calcaneus  talipes,  iv.  216 
acquired,  iv.  234 
congenital,  iv.  331 
Calciflcation,  ii.  550;  iii.  396;   vi. 
575 
metastatic,  vi.  575 
occurrence,  iv.  575 
of  amnion,  i.  227 
of  chorion,  iii.  57 
of  lymph  nodes,  v.  660 
of  muscle,  vi.  39 
of  omentum,  vi.  359 
of  penis,  vii.  177 
of  placenta,  vi.  651 
of  tympanic  membrane,  iii.  633 
of  veins,  viii.  309 
Calcined  magnesia,  v.  673 
Calcium,  ii.  550 
bromide,  ii.  486 
carbonate,  ii.  553 

antidotal  value  of,  i.  372 
calculi,  iii.  335 
precipitated,  ii.  553 
chloride,  iii.  4 

germicidal  action  of,  iv.  381 
compounds  used  in  medicine,  ii. 

551 
eosolate,  iii.  844 
guaiacoi  sulphonate,  iv.  435 
hydrate,  antidotal  value  of,  i.  373 
hydroxide,  ii.  551 

as  a  disinfectant,  i.  687 
as  a  germicide,  iv.  331 
hypophosphite,  iv.  835 
infarct,  iv.  868 
in  urine,  viii.  56 
monoxide,  ii.  551 
oxalate  calculi,  iii.  334 
phosphate,  ii.  553 
calculi,  iii.  335 
precipitated,  ii.  552 
precipitated  carbonate  of,  ii.  553 

phosphate  of,  ii.  553 
properties  of  compounds  of,  ii. 

550 
sulphate,  ii.  552 
dried,  ii.  553 
Calculi,  iii.  238 

biliary,    iii.  239;  and  see   Gall- 
stones 
cardiac,  iii.  280 
cutaneous,  see  Milium 
diagnosed  by  Roentgen  rays,  vi. 
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intestinal,  iii.  331 
in  the  pericardium,  iii.  230 
of  the  parotid  gland,  vi.  511 
pancreatic,  iii.  230;  vi.  468,  478 
prostatic,  vi.  771 
pulmonary,  iii.  232 
renal,  v.  359 

salivary,  vii.  14;  viii.  581 
tonsillar,  i.  159;  iii.  232 
urinary,  i.  797;  iii.  232 
vesical,  i.  797;  vii.  191 
diagnosis,  i.  797 
in  the  female,  i.  769 
prophylaxis,  i.  798 
relative  advantages  of  cut- 
ting and  crushing,  i.  799 
symptoms,  i.  797 
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Calculi,  vesical,  treatment,  i.  798 

treatment    of,    by    litliola- 

paxy,  V.  519 
treatment  of,  by  lithotomy, 
V.  53 
Caledonia  Springs,  ii.  553 
Calendula,  ii.  553 

offlcinalis,  ii.  553 
Calendulin,  ii.  653 
Calf  of  the  leg,  v.  480 
Calibration  and  dilatation  of  ure- 
thral orifice,  i.  782 
California,  requirements  for  medi- 
cal practice  in,  iv.  48 
Southern,  climate  of,  ii.  553 
California  geysers,  The,  ii.  555 
California  gum  weed,  iv.  415 
California   poppy,    see  EachscIwU- 

zia,  iv.  10 
California     Seltzer    Springs,    ii. 

557 
Calisaya,  iii.  88 
Calistoga  Springs,  ii.  557 
Calliphora  vomitoria,  v.  154 
Callitris  quadrivalvis,  vii.  19 
Callosal  artery,  ii.  352 
eminence,  ii.  177 
Assure,  11.  190 
gyre,  ii.  193 
vein,  ii.  357 
Callositas,  ii.  557 
Callosum,  ii.  182 
Callus,  ii.  557 

bone,  iv.  252 
Calomel,  v.  751 

as  a  cholagogue,  ill.  32 
as  a  diuretic,  iii.  545 
as  a  purgative,  vl.  811 
Caloptris  gigantea,  i.  565 

procera,  1.  565 
Calorie,  ii.  558 
Calorimeters,  ii.  560 
air,  ii.  562 
differential,  11.  563 
fusion,  ii.  561 
Ice,  11.  561 
respiration,  ii.  564 
vaporization,  ii.  561 
water,  11.  561 
Calorimetry,  ii.  557 
dli'ect,  11.  559 
historical,  ii.  558 
indirect,  11.  558 
in  experimental  pharmacology, 

11.  570 
In  fever,  Ii.  569 
In  pathology,  11.  569 
in  physiology,  ii.  567 
Introductory,  ii.  558 
Calot's  operation  in  Pottis  disease, 

vli.  409 
Calumba,  ill.  326 
Calvatia  bovista,  iv.  386 
craniiformis,  iv.  286 
cyathiformis,  iv.  286 
Calvities,  i.  195 
Calx,  ii.  551 

chlorata,  ill.  6 
sulphurata, -vii.  557 
Calycanthine,  Ii.  571 
Calycanthus,  ii.  571 
Camas,  poisonous  plant,  vl.  704 
Cambogia,  iv.  300 
Camden,  S.  C,  ii.  571 
Camellia  thea,  11.  545 ;  vii.  644 

viridis,  vii.  644 
Camera  for  photomicrography,  vi. 
638 


Campanulacese,  ii.  622 

poisonous  plants  of,  vl.  694 
Campanuloidse,  11.  622 
Camp  diseases,  11.  572 

acute  articular  rheumatism,  11. 

617 
alcoholism,  ii.  603 
Asiatic  cholera,  11.  572;  v.  813 
avoidable,  v.  814 
bronchitis,  11.  615 
bubonic  plague,  11.  575 
cerebro-spinal  meningitis,  11.  576 
climatic,  ii.  617 
congelation,  ii.  618 
croupous  pneumonia,  11.  588 
dengue,  11.  576 
diarrhoea,  ii.  578 
diphtheria,  ii.  577 
due  to  exposure,  11.  615 

to  extremes  of  temperature, 

ii.  617 
to  Improper  dietary,  11.  619 
to  infections,  11.  572 
to  intemperate  or  immoral 

habits,  ii.  603 
to  military  service,  ii.  621 
dysentery,  ii.  579;  v.  814 
epidemic  influenza,  11.  581 
febrile  exhaustion,  ii.  623 
feigned  diseases,  ii.  622 
freezing,  ii.  618 
Insanity,  ii.  614 
Insolation,  ii.  617 
irritable  heart,  ii.  621 
malarial  fevers,  ii.  581 ;  v.  813 
measles,  ii.  587;  v.  814 
mumps,  ii.  587;  v.  814 
myalgia,  11.  616 
pneumonia,  ii.  588 
rheumatism,  ii.  616 
scarlet  fever,  11.  589;  v.  814 
scurvy,  11.  619 
smallpox,  il.  589;  v.  S14 
snow-blindness,  ii.  619 
suicide,  ii.  614 
syphilis,  11.  608 
typhoid  fever,  11.  593 ;  v.  813 
typhus  fever,  ii.  600 
tuberculosis,  ii.  591 
venereal,  ii.  607 
yellow  fever,  Ii.  601;  v.  813 
Camp  fever,  vii.  930 
Campecby  wood,  v.  566 
Camphoid,  ii.  623 
Camphor,  ii.  623 

action  on  circulatory  system,  ii. 

696 
alant,  iii.  743 
anemone,  vi.  797 
as  a  cardiac  stimulant,  11.  695 
as  a  germicide,  iv.  331 
as  an  antispasmodic,  i.  387 
Borneo,  ii.  131 
buchu,  ii.  514 
dryobalanops,  11.  131 
chloral,  ii.  838 
cubeb,  ill.  338 
matico,  v.  714 
monobromated,  ii.  634 
orris,  vi.  417 
patchouli,  vl.  517 
poisoning  by,  viii.  460 
salicylate,  ii.  624 
tar,  vi.  100 
Tonka  bean,  iii.  338 
Campbora,  11.  633 

offlcinarum,  ii.  633 
Camphorated  soap  liniment,  vli.  255 


Camphorated   tincture   of  opium, 

vi.  387 
Camphorates,  pyramidon,  vi.  818 
Camphoronic  acid,  11.  634 
Camps,  diseases  of,  ii.  572 

sites  for,  v.  807 
Campsonyia  macellaria,  v.  154 
Canada  balsam,  11.  634 

pitch,  vl.  639 
Canadian  moonseed,  v.  859 
Canal,  auditory,  see  Auditory  canal 
central,  viii.  265 
cochlear,  i.  621 
crural,  1.  9 
femoral,  i.  9 
hyaloid,  viii.  265 
inguinal,  1.  6 
jugular,  11.  363 
of  Cloquet,  viii.  265 
of  Nuck,  cysts  of,  iii.  351 
hydrocele  of,  viii.  98 
of  Stilling,  viii.  265 
of  Wirsung,  vi.  460 
semicircular,  i.  630 
Canaliculus  lachrymalis,  foreign 
bodies  In,  v.  396 
occlusion  of,  V.  396 
Canalis,  see  also  Canal 
cochlearis.  1.  621 
reuniens,  i.  631 
Canalization  of  thrombus,  i.  541 
Canarium,  iii.  781 

commune,  iii.  781 
Canary  Islands,  ii.  624 
Cancer,  see  Carciiymia  and  Sarcoma 
spider,  vl.  90 
vert,  iii.  25 
water,  viii.  580 
Cancrum  oris,  iv.  307 ;  viii.  580 
Candleberry,  i.  737 
Candles,  amount  allowed  soldiers, 

V.  799 
Cane  sugar,  vii.  548 
Canella  alba,  11.  646 

bark,  11.  646 
Canine  teeth,  vli.  646 
Canister  shot,  iv.  439 
Canities,  il.  647 
acquired,  11.  647 
congenital,  ii.  647 
of  eyelashes,  iv.  120 
unguium,  vi.  93 
Canker,  viii.  580 
Cannabin,  ii.  648 
tannate,  ii.  648 
Cannabinol,  ii.  648 
Cannabis,  Indian,  il.  647 
indica,  ii.  647 

as  a  hypnotic,  iv.  818 
as  an  anodyne,  1.  362 
sativa,  ii.  647 
white  Indian,  ii.  647 
Canned  foods  for  army  rations,  v. 

803 
Cannes,  France,  11.  649 
Cannibal  bug,  v.  161 
Cannula  needle  for  aspirating  and 
irrigating  antrum   of    Hlghmore, 
vi.,  145 
Canquoin's  paste,  viii.  838 
Canteen  system  in  army,  Ii.  605 
an  aid  to  discipline,  ii.  606 
value  of,  in  tropics,  ii.  605 
Cantharellus,  iv.  384 
cibarius,  iv.  384 
floccosus,  iv.  384 
Cantharidate  of  potassium,  ii.  651 
Cantharides,  11.  653 
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^antharides  as  a  vesicant,  iii.  304 
cerate  of,  ii.  652 ;  vii.  914 
poisoning  by,  viii.  461 
Cantharidin,  ii.  653 ;  v.  166 

in  treatment  of  phthisis,  ii.  651 
poisoning  by,  viii.  411 
Cantharis,  ii.  651 

vesicatoria,  ii.  651 ;  v.  166 
vittata,  ii.  652 
Cauthi  (of  eye),  iv.  64 
Canutillo,  iii.  844 
Caoutchouc,  vi.  1002 
Capacity,  vital,  of  lung,  vi.  947 
Cape  Cod,  vi.  97 
Cape  May,  ii.  652 
Capillaries,   amyloid   degeneration 
in,  ii.  93 
blood  of,  ii.  37 

calcareous  infiltration  of,  ii.  93 
(srculation  in,  iii.  97 
fatty  changes  in,  ii.  93 
histology  of,  ii.  92 
hyaline  degeneration  of,  ii.  93 
in  lungs,  v.  588 
lymphatic,  v.  626 
pathological  anatomy  of,  ii.  93 
velocity  of  blood  current  in,  iii. 
101 
Capillary  'bronchitis,  dyspnosa  in, 

iii.  680 
Capillary  pulse,  vi.  808 
Capon  Springs,  ii.  653 
Capsaicin,  ii.  654 
Capsicin,  ii.  654 
Capsicum,  ii.  653 
annuum,  ii.  653 
fastigiatum,  ii.  653 
Capsule,  external,  lesions  of,  diag- 
nosis of,  ii.  286 
internal,  ii.  181 
of  knee-joint,  v.  370 
of  Tenon,  iv.  65 

dropsy  of,  vi.  406 
Capsules,  v.  738 

glutoid, iv.  374 
Captol,  ii.  654 
Caput  gallinaginia,  vi.  757 
Medusa;,  viii.  316 
succedaneum,  vi.  277 
Carabana  Mineral  Spring,  ii.  054 
Carabidse,  v.  165 
Caramecuaro,  ii.  655 
Caramel,  ii.  655;  vii.  549 

custard,  how  to  make,  iii.  455 
in  milk,  to  detect,  v.  840 
Caramelan,  vii.  549 
Carat,  vi.  637 
Carate,  vi.  637 
Carathe,  vi.  637 
Caraway,  ii.  655 ;  vi.  637 

black,  ii.  655 
Carbazotic  acid,  vi.  632 
Carbinol,  v.  780 
Carbo  animalis,  ii.  800 

purificatus,  ii.  800 
ligni,  ii.  801 
Carbohydrates,  i.  176 

action  of  amylopsin  on,  iii.  474 

in  faeces,  iv.  130 

influence  of,  on  metabolism,  v 

,770 
in' urine,  viii.  38 
Carbol-fuchsin,      preparation    of 

viii.  896 
Carbolic  acid,  ii.  655 

anaesthetic  action  of,  ii.  657 
as  a  disinfectant,  i.  687;  ii.  657' 
iii.  497 

760 


Carbolic  acid  as  an  antiseptic,  ii. 
657 
caustic  action  of,  ii.  757 
disposition  of,  in  the  body,  after 

absorption,  vi.  733 
effect  of,  on  body  temperature, 

ii.  571,  658 
germicidal  action  of,  iv.  331 
poisoning  by,  ii.  658;  vi.  608 
post-mortem  appearances  in, 
i.  661 
Carbolic  gentian  violet,  preparation 
of,  viii.  896 
metliylene  blue,  preparation  of, 

viii.  396 
thionin,  preparation  of,  viii.  396 
Carbon  as  a  pathological  pigment, 
vi.  635 
bisulphide  of,  ii.  658 
Carbon  dioxide,  ii.  659 

causing  drowsiness,  iii.  560 
determination  of,  vi.  160 
estimation  of,  vi.  948 
percentage  of,  i.  151 
from  gas  lights,  ii.  661 
in  air,  i.  151 

detection  of,  i.  153 
in  school  buildings,  vii.  70 
physiological  action,  ii.  660 
■   preparation  of,  ii.  659 
production  of,  relative  to  size  of 

body,  V.  767 
properties  of,  ii.  659 
quantity    eliminated    by    lungs 

and  skin,  v.  768 
sources  of,  ii.  659 
tests  for,  ii.  661 
uses  of,  ii.  660 
Carhon  disulphide,  ii.  658 
Carbon,  hydrides  and  oxides  of, 

ii.  659 
Carbon  monoxide,  ii.  661 
effects  on  foetus,  vi.  279 
physiological  action,  ii.  663 
poisoning  by,  post-mortem  ap- 

apearnces  in,  i.  668 
properties  of,  ii.  662 
sources  of,  ii.  663 
toxicology  of,  ii.  663 
Carbon,  oxides  of,  ii.  659 
Carbon,  sulphide  of,  a  cause  of  am- 
blyopia, ii.  18 
Carbon  tetrachloride,  ii.  665 
Carbonate  of  ammonia,  i.  316 

of    copper,   antidote   for    phos- 
phorus poisoning,  i.  374 
of  iron,  v.  233 
of  lead,  V.  471 
of  lithium,  v.  518 
of  magnesium,  v.  673 
of  potassium,  vi.  743 
of  zinc,  viii.  388 
Carbonates,      alkaline,      antidotal 
value  of,  1.  872 
in  urine,  viii.  55 
Carbonic  acid,  ii.  661 
gas,  ii.  659 
in  urine,  viii.  55 
water,  ii.  665 
Carbonic  anhydride,  ii.  659 
Carbonic  oxide,  ii.  661 

germicidal  action  of,  iv.  333 
Carbonous  oxide,  ii.  661 
Carbo-sapol,  ii.  666 
Carbotriamin,  ptomaln,  vi.  786 
Carbuncle,  i.  49;  ii.  666;  see  also 
Anthrax  and  Boils 
course  of  the  disease,  ii.  666 


Carbuncle,  diagnosis,  ii.  667 

etiology,  ii.  666 

in  diabetes  mellitus,  iii.  439 

pathology,  ii.  667 

prognosis,  ii.  667 

treatment,  ii.  668 
Carbunculus  contagiosus,  i.  863 
Carcinoma,  ii.  626,  669;  vii.  908 

branchiogenic,  vii.  724 

cells,  karyokinesis  in,  v.  801 

chimney-sweep's,  of  scrotum,  ii. 
683 

clinical,  ii.  636 

curative  influence  of  erysipelaa 
in,  ii.  645;  iv.  6 

diagnosis,  ii.  627 

deep-seated,  ii.  683 

etiology,  ii.  677 

from  nsevi,  ii.  682 

general  considerations  concern- 
ing, ii.  626,  629 

heredity,  influence  of,  ii.  629 

infectious  theory  of  origin  of,  ii. 
627 

kyphosis  accompanying,  v.  378 
local  distribution  of,  ii.  626 
metastasis  of,ii.  675;  v.  778,  779' 
nodular,  ii.  683 
of  auriclfe,  iii.  610 
of  bladder,  i.  769,  791 

treatment  of,  viii.  26 
of  bronchial  glands,  v.  588 
of  cervix  uteri,  viii.  87 
of  choroid,  iv.  Ill 
of  colon,  iii.  204 
of  face,  ii.  636 
of  Fallopian  tube,  iv.  138 
of  gall  bladder,  iv.  296 
of  gall  ducts,  iv.  397 
of  heart,  iv.  594 
of  intestine,  ii.  636 ;  v.  188 

treatment  of  inoperable,  ii. 
644 
of  kidney,  ii.  640;  v.  334 
of  larynx,  v.  484 
of  lip,  ii.  634,  683 
of  liver,  v.  555 
of  lung,  V.  606 
of  lymph  nodes,  v.  663 
of  mamma,  ii.  477,  630 
of  middle  ear,  iii.  669 
of  muscle,  vi.  41 
of  nose,  vi.  141 

of  oesophagus,  vi.  344 ;  vii.  477 
of  omentum,  vi.  360 
of  orbit,  iv.  115 
of  ovary,  vi.  437 
of  pancreas,  vi.  470,  478 
of  parotid  gland,  ii.  688 ;  vi.  511 
of  penis,  ii.  638 
of  pericardium,  vi.  563 
of  periosteum,  vi.  570 
of  peritoneum,  vi.  570 
of  pharynx,  vi.  602 
of  pleura,  vi.  667 
of  prostate,  vi.  770 
of  rectum,  i.  399;  ii.  637 
of  scrotum,  chimney-sweep's,  ii. 

682 
of  skin,  ii.  680 
of  stomach,  ii.  636;  vii.  513 

diet  in,  iii.  458 
of  sweat  glands,  ii.  688,  685 
of  testicle,  ii.  639 
of  thoracic  duct,  vii.  746 
of  thyroid  gland,  iv.   388;  vii 

777 
of  tongue,  ii.  635 ;  vii.  799,  947 
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Carcinoma  of  umbilicus,  viii.  6 
of  ureters,  viii.  13 
of  uterus,  viii.  89 

liysterectomy  for,  iv.  826, 
837 
of  vagina,  ii.  640 
of  veins,  viii.  219 
of  vulva,  viii.  163 
papillary,  ii.  683 
parasitic  theory  of  origin  of,  ii. 

637,  679 
prevalence  of,  ii.  636 
prognosis,  ii.  638 
starvation  of,  ii.  644 ;  v.  680 
subcutaneous,  vii.  734 
symptoms,  ii.  638 
syncytiale,  vii.  595 
tar  and  paraffin,  ii.  683 
treatment,  ii.  628 

by  catapboresis,  ii.  645 

by  cutting  off  blood  supply, 

ii.  644 
by  mixed  toxins  of  erysipe- 
las and  bacillus  prodigio- 
sus,  ii.  645 
of  inoperable,  ii.  644 
ventriculi,  vii.  513 
Carcinomatous  lymphatic  infarc- 
tion, ii.  683 
Cardamom,  ii.  686 
Aleppo,  ii.  687 
Madras,  ii.  687 
Malabar,  ii.  687 
oil  of,  ii.  687 
Carden's  amputation,  i.  263 
Cardia,  spasm  of,  vii.  502 
Cardiac    affections,    health    resorts 
for.  iv.  565 
calculi,  ill.  230 
cycle,  duration  of,  iii.  108 
depressants,  ii.  687 
diseases  due  to  occupations,  vi. 

330 
irregularity  in  neurasthenia,  vi. 

250 
muscle,  vi.  19 
nerves,  vii.  576 

neuroses,  see  Heart,  neuroses  of 
plexus,  vii.  577 
stimulants,  ii.  693 
tonics,  ii.  696 

veins,  anomalies  of,  viii.  301 
Cardialgia,  vi.  348;  vii.  494 
Cardiography,  iv.  567 
Cardol,  ii.  707;  vi.  698 

pruriens,  ii.  707 
Cargo,  inspection  of,  at  quarantine 

station,  vi.  833 
Carica,  vi.  481 

hastifolia,  vi.  483 
papaya,  vi.  481 
Caricin,  vi.  483 

Cairies,  dental,  in  pregnancy,  iv.  346 
of  orbit,  vi.  400 
of  ossicles,  iii.  630 
Ct^xina  tracheae,  v.  576 
Carissa  Schimperi,  vi.  430 
Carlsbad,  ii.  703 
Carmin,  iii.  225 
red,  iii.  335 
Carminatives    as    digestants,    iii. 

469 
Carmine,  iii.  165 
Carminic  acid,  iii.  164,  325 
Carnelian  Hot  Springs,  v.  404 
Carniferrin,  v.  229,  230 
Carniferrol;  v.  230 
Carnoy's  fluids,  iv.  709 
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Carnoy's    modification    of    Plem- 
ming's  fluid,  iv.  707 
of  Lang's  fluid,  iv.  709 
Caroba,  ii.  704 
Carobin,  ii.  704 
Carota,  ii.  704 
Carotid  artery,  vi.  193 
common,  vi.  193 

anomalies  of,  i.  526 
compression  of,  i.  537 
ligature  of,  vi.  193 
surface  marking  of,  vi.  191 
external,  vi.  194 

anomalies  of,  i.  536 
compression  of,  i.  537 
ligature  of,  vi.  194 
extirpation  of  both,  for  malig- 
nant disease,  v.  681 
internal,  vi.  194 

anomalies  of,  i.  537 
surface  marking  of,  vi.  191 
Carotid  gland,  viii.  463 

plexus,  vii.  575 
Carotin,  ii.  704 
Carpain'e,  vi.  483 
Carpal  bones,  dislocation  of,  iv.  573 

joints,  drainage  of,  v.  394 
Carpus,  dislocation  of,  iii.  523 
Carrageen,  vi.  1 
Carrol's  eesthesiometer,  i.  135 
Carron  oil,  ii.  553 ;  v.  516 
Carrot,  ii.  704 
Cart,  dumping,  vi.  877 

for  street  sweepings,  vi.  876 
garbage,  vi.  877 
Carthagena  bark,  iii.  88;  and  see 

Ciiichona 
Carthamic  acid,  vii.  3 
Carthamin,  vii.  3 
Carthamus,  vii.  3 
tinctorius,  vii.  3 
Cartilage,  ii.  704 
arytenoid,  v.  407 
bone-formation  in,  ii.  117 
chemistry  of,  ii.  139 
cricoid,  v.  407 
defective,  in  joints,  v.  397 
development  of,  ii.  705 
displaced,  in  joints,  v.  397 
fibro-,  ii.  705 
fibro-elastic,  ii.  705 
hyaline,  ii.  704 
loose,  at  knee-joint,  v.  388 
movable,  in  joints,  v.  288,  397 
of  larynx,  v.  407 

supernumerary,  v.  419 
of  Santorini,  v.  408 
of  septum  of  nose,  vi.  101 
of  Wrisberg,  v.  408 
semilunar,  of  the  knee-joint,  v. 
370 
dislocation  of,  v.  374,  288 
subluxation  of,  v.  297 
slipped,  in  joints,  v.  297 
spongy,  ii.  705 
thyroid,  v.  407 
tumors  composed  of,  iii.  38 ;  vii. 

907 
yellow  elastic,  ii.  705 
Carum,  ii.  655 

carvi,  ii.  665 
Caruncle,  urethral,  i.  770 
Carunculas  myrtiformes,  vi.  568 
Carvacrol,  ii.  706 
Carvene,  ii.  655 
Carvol,  ii.  655,  706 
Caryophyllin,  iii.  149 
Caryophyllus,  iii.  149 


Carophyllum,  iii.  149 
Casanthrol,  ii.  706 
Cascara  amarga,  ii.  706 
sagrada,  ii.  706 

as  a  laxative,  v.  470 
Cascarilla,  ii.  707 
Cascarillin,  ii.  707 
Caseation,  vi.  204 
necrosis,  vi.  204 
Casein  in  milk,  determination  of 
V.  828 
ointment,  ii.  707 
Caseinogen  of  cow's  milk,  v.  820 
how  it  differs  from  that  of  hu- 
man milk,  iii.  152 
Caseoiodin,  ii.  707 
Cashew,  i.  371 
nuts,  ii.  707 

allied  plants,  ii.  707 
poisonous  plant,  vi.  698 
Cassava  starch,  vii.  638 

sweet,  vii.  638 
Cassia,  ii.  707,  708 
acutifolia,  vii.  116 
angustifolia,  vii.  116 
bark,  iii.  93 
buds,  iii.  94 
cinnamon,  iii.  93 
chips,  iii.  94 
daphnoides,  iii.  94 
dulce,  iii.  94 
fistula,  ii.  707 
flowers,  iii.  94 
iners,  iii.  94 
lignea,  iii.  93 
Loureirii,  iii.  94 
nitidum,  iii.  94 
obovata,  vii.  117 
obtusifolium,  iii.  94 
purging,  ii.  707 

in  cassia  fistula,  ii.  707 
tamala,  iii.  94 
vera,  iii.  93 
Castalia,  vi.  308 
alba,  vi.  308 
odorata,  vi.  308  ' 
tuberosa,  vi.  308 
Castalian  Mineral  Springs,  ii.  708 
Castalian  Springs,  ii.  708 
Castanea,  ii.  825 

dentata,  ii.  835 
Castor,  ii.  708 

Canadian,  ii.  708 
Siberian,  ii.  708 
Castoreum,  ii.  708 
Castorin,  ii.  708 
Castor-oil,  ii.  708 

as  a  laxative,  v.  469 
as  a  purgative,  vi.  810 
methods  of  disguising  taste  of, 

V.  469 
poisonous  plant,  vi.  701 
Castration,  ii.  710 

as  a  method  of  punishment,  ii. 

713 
effect  on  the  human  male,  ii.  711 
on  male  animals,  ii.  710 
on  sociological  conditions,  ii. 

713 
on  the   nervous  system,  ii. 

715 
on  the  osseous  system_,_ii.  713 
on  the  sexual  life,  ii.  711, 

714 
on  women,  ii.  713 
upon  the  genitals,  ii.  715 
for  enlarged  prostate,  ii.  711 
historical  sketch,  ii.  710 
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Castration  in  cancer  of  the  testis, 
ii.  639 
influence  on  menstruation,  ii.  713 
psychical  effects,  ii.  715 
therapeutic  results,  ii.  716 
Casts,  urinary,  viii.  58 
Cat,  lymphatic  system  of,  v.  646 
Catalepsy,  ii.  534,  716;  iii.  261 
artiticially  induced,  ii.  718 
burying  alive  in,  ii.  717 
complications,  ii.  717 
causation,  ii.  718 
diagnosis,  ii.  718 
ecstatic,  ii.  717 
epidemic,  ii.  718 
hystero-,  ii.  717 
idiopathic,  ii.  716 
patliological  anatomy,  ii.  718 
prognosis,  ii.  719 
syggignostic,  ii.  718 
symptoms,  ii.  717 
treatment,  ii.  719 
with  somnambulism,  ii.  718 
Cataleptic  state  of  hypnosis,  iv. 

812 
Catalysis,  Berzelius'  theory  of,  iv. 

146 
Cataphora,  iii.  561 
Cataphoresis,  ii.  719:  iii.  759,  766 
analgesic  effect  of,  i.  289 
for  inopei'able  cancer,  ii.  645 
Cataract,  ii.  719 

absorption,  normal,  ii.  725 
anterior  polar,  ii.  721 
artificial  ripening  of,  ii.  729 
black,  ii.  723 
capsular,  ii.  723 
causation  of,  ii.  723 
complicated,  ii.  720 
congenital,  ii.  733 
cortical,  ii.  720 
definition,  ii.  719 
diabetic,  ii.  722;  iii.  429 
diagnosis,  ii.  720 
discission,  ii.  725 
extraction  by  suction,  ii.  726 
flap  operation,  ii.  786 
history  of,  ii.  738 
linear  operation,  ii.  727 
without  iridectomy,  ii.  734 
functional  examination  of  eve,  ii. 

720 
hard,  ii.  720 
incipient,  ii.  720 
in  disease  of  the  choroid,  ii.  722 
in  diabetes,  ii.  722 ;  iii.  429 
in  retinitis  pigmentosa,  ii.  722 
in  separation  of  the  retina,  ii.  722 
linear  extraction,  ii.  727 
maturity  of,  ii.  720 
nuclear,  ii,  720 
operation  for,  ii.  723 

antisepsis  in,  ii.  724 
over-ripe,  ii.  723 
partial,  ii.  720 
peripheric  linear  extraction  of 

ii.  780 
posterior  polar,  ii.  723 
progressive,  ii.  720 
punctated,  ii.  721 
reolination  for,  ii.  737 
result  of  operation  for,  ii.  724 
secondary  operations,  ii.  733 
senile,  ii.  722 

operation  for,  ii.  728 
simple,  ii.  730 
soft,  ii.  720 

of  the  young,  ii.  722 

762 


Cataract,  stationary,  ii.  730 
suction  for,  ii.  726 
symptoms,  ii.  720 
total,  ii.  730 

congenital,  ii.  723 
traumatic,  ii.  722 
treatment  of,  ii.  723 
varieties,  ii.  721 
zonular,  ii.  731 
Cataria,  ii.  755 

Catarrh,  acute  laryngeal,  v.  410 
acute  nasal,    vi.    109;    and    see 

Rhinitia 
chronic,  vi.  114 ;  and  see  Bldnitis 
of  conjunctiva,  iii.  346 
Catastoma,  iv.  386 

circumscissum,  iv.  286 
Catechin,  ii.  739;  v.  362 
Catechu,  ii.  738 
black,  ii.  738 
Catechu-tannic  acid,  ii.  739 
Catelectrotonus,  see   Meetrotonus, 

iii.  767 
Caterpillars,  poisonous,  v.  167 
Catgut,  apparatus  for  boiling,  iii. 
553 
chromicized,  iii.  553 
sterilization  of,  iii.  553 
Cathartic  acid,  vii.  117 
Cathartic  pills,  compound,  com- 
position of,  iii.  201 
Cathartics,  vi.  809 

a  cause  of  constipation,  iii.  262 
as  digestants,  iii.  469 
cholagogue,  vi.  809 
contraindications,  i.  371 
diarrhoea  from  use  of,  iii.  439 
liydragogue,  vi.  809 
in  cases  of  poisoning,  i.  371 
Cathelin's  vesical  divisor,  viii.  705 
Catheter,  ii.  739 
care  of,  ii.  753 
conical  tip,  ii.  743 
coud6,  ii.  743 
double-current,  ii.  743 
English,  ii.  740 
evacuating,  ii.  746 
eye  of,  ii.  740 
female,  ii.  752 
flexible,  ii.  739,  743 
for  hypertrophy  of  prostate,  vi. 

766 
Gouley's  tunnelled,  ii.  746 
Guyon's,  ii.  743 
hard-rubber,  ii.  740 
invaginated,  ii.  746 
irrigating,  vi.  761 
Jacques',  ii.  740 
lubricant  for,  ii,  754 
Mercier's  invaginated,  ii.  746 

coude,  ii.  743 
metal,  ii.  743 

passing  of,  ii.  750 
Nelatou's,  ii.  740 
olivary  tip,  ii.  743 
over-curved  prostatic,  ii.  744 
preservation  of,  ii.  753 
prostatic,  ii.  748 
rat-tail,  ii.  743 
self-retaining,  ii.  742 
Sims'  female,  ii.  753 
size  of,  ii.  748,  749 
soft-rubber,  ii.  740 
spiral  prostatic,  ii.  744 
sterilization  of,  ii.  753 
tunnelled,  ii.  746,  751 
web,  tensile  strength  of,  ii.  739 
Catheter  life,  vi.  766 


Catheterism,  ii.  739 
continuous,  ii.  741 
daily,  ii.  749 
evacuating,  ii.  743 
in  Iiypertrophy  of  prostate,  vi. 

766 
of  children,  ii.  752 
of    the    Eustachian     tube,     iii. 

664 
of  the  ureters,  v.  335;  viii.  708 
box    phantom    for    demon- 
strating, viii.  710 
of  the  urethra,  ii.  739 
of  women,  ii.  753 
position  of  patient,  ii.  748 
Cations,  viii.  414 
Catmint,  ii.  755 
Catnip,  ii.  755 
Catoosa  Springs,  ii.  755 
Cattle  used  as  food,  diseases  among, 

V.  726 
Cattle  fever,  Texas,  detection  of,  v. 

726 
Cattle  plague,  detection  of,  v.  736 
Cauda  equina,  tumors  of,  vii.  386 
Caulophyllum,  iii.  191 
thalictorides,  iii.  191 
Caustic  alkalies,  burns  from,  ii.  519 
lime,  as  a  deodorant,  iii.  413 
Plunket's,  i.  534 
potash,  vi.  743 

post-mortem      appearances 
due  to,  i.  663 
soda,  vii.  356 

post-mortem      appearances 
due  to,  i.  662 
Vienna,  vi.  743 
Caustics,  ii.  755 
acid,  ii.  756 
action  of,  ii.  756 
alkaline,  ii.  757 
contraindications,  ii.  756 
Landolphi's,  ii.  758 
uses  of,  ii.  756 
Cauterization,  ii.  758 
en  flSches,  ii.  756 
in  rhinitis,  vi.  117 
Cautery,  actual,  as  counter-irritant, 
ii.  759:  iii.  305 
as  hemostatic,  ii.  759;    iv. 

686 
degrees  of  heat  in,  ii.  759 
electrical,  ii.  758 
Paquelin's  thermo-.  ii.  758 
Cavazzani's  method  of  resection  of 

elbow,  vi.  919 
Cavernitis,  vii.  176 
Cavernous  plexus,  vii.  576 
sinus,  anomalies  of,  viii.  204 
tumor,  i.  350 
Cavity,  pelvic,  vi.  539 
Ceanothine,  ii.  759 
Ceanothus,  ii.  759 

americanus,  ii.  759 
Cedar  Keys,  ii.  759 
Cedar  Springs,  ii.  760 
Cedrin,  ii.  760 
Cedron  seeds,  ii.  760 
Cedronella,  v.  379 
Celadine,  ii.  760 

Celastrus  scandens,  i.  763 ;  vi.  699 
Celery,  ii.  760 

fruit,  viii.  1 
Cell-body,  ii.  761 
Cell-division,  i.   758;   ii.    763;   vi. 
863 
direct,  11.  764 
Indirect,  ii.  763 
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Cell-membrane,  ii.  761,  763 
Cell-theory,  i.  756 
Cells,  ii.  760 

action  of  cocaine  on,  iii.  157 
amoeboid  movements  of,  ii.  763 
bacterial,  structure  of,  i.  681 
changes  in,  during  growth,  ii. 

320 
ciliated,  iii.  371 
definition  of,  i.  758 ;  ii.  761 
Deiters',  i.  633 

.development  of  plant,  iv.  416 
division  of,   i.   758;  ii.  763;  vi. 
863 
direct,  ii.  764 
indirect,  ii.  768 
fixed,  phagocytosis  in,  vi.  578 
free,  phagocytosis  in,  vi.  578 
function  of,  in  absorption,  i.  50 
giant,  ii.  30 
granular,  iii.  258 
growth,  a  function  of,  iv.  415 
changes  in,  during,  ii.  330 
histological  element,  ii.  760 
historical,  ii.  760 
marrow,  ii.  30 
mast,  iii.  353 
membrane,  ii.  763 
movements  of,  ii.  763 
mucous,  iii.  856 
nucleolus  of,  ii.  763 
nucleus  of,  ii.  761 
number  of,  in  blood,  ii.  33 

in  body,  ii.  33 
phagocytic,  vi.  577 

function  of,  vi.  576 
plasma,  iii.  353 ;  vi.  654 
prickle,  iii.  854 
pus,  ii.  31 
renal,  v.  311 
reproduction  of,  ii.  763 
shape  of,  ii.  763 
spine,  iii.  854 
structure  of,  ii.  761 
vital  properties  of,  ii.  763 
Cellulitis,  see  Phlegmon 
gaseous,  iv.  308 
laryngeal,  v.  413 
of  hand  and  fingers,  iv.  503 
orbital,  vi.  398 
pelvic,  vi.  530 
Cementing  cover  glasses,  iv.  737 
Cementum  of  tbe  tooth,  vii.  649 

hypertrophy  of,  vii.  658 
Centigrade  and  Fahrenheit  scales 
compared,  iv.  133 
system  of  measuremerts,  viii.  3"8 
Centimetre,  viii.  299 
Centipedes,  v.  160 
Central  America,  history  of  yellow 
fever  in,  viii.  322,  585 
Pharmacopoeia  in,  iv.  582 
Central    convolution,   tumor    of, 

diagnosis  of,  ii.  447 
Central  fissure,  ii.  194 
bifurcation,  ii.  196 
branches,  ii.  195 
carnivoral  representative,  n.  198 
constancy,  ii.  194 
dimensions,  ii.  194 
duplication,  ii.  196 
form  or  course  in  detail,  ii.  195 
general  location  and  direction,  ii. 

how  to  distinguish  from  adjom- 

ing  fissures,  ii.  196 
importance,  ii.  194 
integrality,  ii.  198 


Central  fissure,  interruption,  ii.  197 
partial,  ii.  197 
junctions,  ii.  195 
mode  of  formation,  ii.  197 
physiological  and  surgical  rela- 
tions, ii.  198 
psychological  relations,  ii.  198 
relation  to  ental  elevations,  ii.  194 

to  the  mesal  aspect,  ii.  196 
special  location,  ii.  196 
time  of  first  appearance,  ii.  197 
topographical  importance,  ii.  195 
Central  necrosis,  vi.  204 

nervous  system,  action  of  cocaine 

on,  iii.  158 
plexus,  vii.  573 
Centre,  optic,  iv.  85 
Centre  of  gravity  of  body,  in  erect 
posture,  iii.  857 
in  walking  and  running,  iii.  857 
Centrifuge,  ii.  47 
Centring,  imperfect,  iv.  91 
Centrosome,  ii.  762;  iv.  851 
Centrum  ovale,  tumors  of,  ii.  441 
Cephaeline,  v.  311 
Cephaelis,  v.  310 
acuminata,  v.  211 
ipecacuanha,  v.  210 
Cephalh8em.atomata,  ii.  764 
definition,  ii.  764 
diagnosis,  ii.  765 
etiology,  ii.  765 
frequency,  ii.  765 
location,  ii.  765 
neonatorum,  vi.  277 
pathological  anatomy,  ii.  765 
prognosis,  ii.  765 
synonyms,  ii.  764 
treatment,  ii.  765 
triple,  ii.  765 
Cephalhydrocele,  ii.  233 
Cephalic  index,  vii.  230 
Cephalic  veins,  anomalies  of,  viii. 

304 
Cephalocele,  ii.  233 
acquired,  ii.  237 

treatment,  ii.  238 
congenital,  ii.  233 

clinical  features,  ii.  234 
diagnosis,  ii.  235 
etiology,  ii.  333 
pathology,  ii.  233 
prognosis,  ii.  234 
treatment,  ii.  235 
pseudo-,  ii.  237 
varieties,  ii.  233 
Cephalo-humeral  muscle,  vi.  44 
Cephalo-thoracopagus,  vii.  685 
Cera  alba,  viii.  294 
flava,  viii.  293 
Cerate,  v.  735 

Goulard's,  v.  471 
of  cantharides,  ii.  653;  vii.  914 
of  savine,  vii.  43 
of  spermaceti,  vii.  377 
of  subacetate  of  lead,  v.  471 
resin,  vii.  914 
Cercomonas,  viii.  643 
bitlagellata,  viii.  648 
coli  hominis,  viii.  647 
Intestinalis,  viii.  648 
Cereals  as  food  for  invalids,  iii.  455 
Cerebellar  ataxia,  ii.  239 
disease,  ii.  238 

diagnosis,  ii.  241 
etiology,  ii.  238 
symptoms,  ii.  339 
tumor,  ii.  240,  443 


Cerebellum,  affections  of,  ii.  238 
anatomy  of,  ii.  157,  159 
arbor  vita,  ii.  160 
dentatum,  ii.  162 
development  of,  ii.  280 
disease  of,  ii.  238 
ectocinerea,  ii.  159,  163 
embolus,  ii.  163 
fastigatum,  ii,  162 
flocculus,  ii.  158 
foliums,  ii.  159 
function  of,  in  equilibrium,  iii. 

860 
f  ureal  sulcus,  ii.  160 
globulus,  ii.  162 
hemispheres,  ii.  159 
horizontal  fissure,  great,  ii.  160 
influence  of,  on  knee-jerk,  v.  368 
lesions  of,  diagnosis  of,  ii.  286 
lingula,  ii.  160 
lobes,  ii.  161 
paraflocculus,  ii.  158 
peduncles,  ii.  158 
peduncular  sulcus,  ii.  160 
pileums,  ii.  159 
sulci,  ii.  159,  161 
tumors  of,  ii.  240,  442 

diagnosis  of,  ii.  446 
vermis,  ii.  159 
Cerebral  abscess,  ii.  218 
clinical  history,  ii.  220 
diagnosis,  ii.  322 
etiology,  ii.  218 
pathological  anatomy,  ii.  219 
prognosis,  ii.  223 
treatment,  ii.  223 
Cerebral  ansemia,  ii.  228 
diagnosis,  ii.  226 
drowsiness  in,  iii.  560 
etiology,  ii.  233 
prognosis,  ii.  226 
symptomatology,  ii.  324 
treatment,  ii.  226 
varieties,  ii.  228 
Cerebral  arteries,  ii.  249 
aneurism  of,  ii.  227 
anomalies  of,  i.  527 
Cerebral  atrophy,  ii.  238 
acquired,  ii.  231 
congenital,  ii.  238 
general,  ii.  228 
partial,  ii.  228 
primary,  ii.  228 
secondary,  ii.  329 
Cerebral  congestion,  ii.  366 

cold  in,  iii.  195 
Cerebral  cortex,  functions  of,  i.  397 
growth  of,  ii.  231 
histology  of,  ii.  306 
tumors  of,  ii.  440 
Cerebral  diseases,  see  Brain,  dis- 
eases of 
insanity  dependent  on,  v.  94 
Cerebral  disturbances,  drowsiness 

ill,  iii.  560 
Cerebral  embolism,  ii.  294,  396 
Cerebral  hemorrhage,  ii.  341 

diagnosed  from  brain  tumor,  ii. 
449 
from  embolism  and  throm- 
bosis, ii.  244 
preceded  by  drowsiness,  iii.  560 
Cerebral  irritation,  ii.  268 
Cerebral  localization,  ii.  297;  iii. 
260 
association  areas,  ii.  305 
auditory  areas,  ii.  307 
methods  of  investigation,  u.  297 
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Cerebral  localization,  motor  areas, 
ii.  804 
sensory  areas,  11.  305 
silent  areas,  11.  311 
visual  areas,  ii.  306 
zone  of  language,  ii.  310 
Cerebral  sinuses,  11.  260 
anomalies  of,  vUl.  203 
thrombosis  of,  11.  415 
Cerebral  thrombosis,  11.  296,  396 
Cerebral  tracts,   lesions  of,  diag- 
nosis of,  ii.  284 
Cerebral  veins,  ii.  360 
Cerebral  vessels,  injuries  to,  post- 
mortem signs  of,  1.  669 
Cerebration,  unconscious,  1.  648 
Cerebrosides,  11.  227 
Cerebro-spinal  axis,  defects  of,  vll. 

695 
Cerebro-spinal  fever,  11.  766 
Cerebro-spinal  fluid,  11.  245 
amount,  il.  245 

increased,  iv.  777 
anatomy  of,  11.  245 
chemistry  of,  11.  247 
escape  of,  In  fracture  of  skull, 

iv.  559 
microscopic  appearance,  11.  248 
pathological  and  clinical  consid- 
erations, 11.  248 
physiology  of,  11.  246 
reduces  copper  salts,  11.  247 
secretion  of,  iv.  777 
sources  of,  11.  246 
Cerebro-spinal  meningitis,  11.  766 
bacteriological  diagnosis  of,  vlll. 

443 
cold  in  treatment  of.  111.  195 
complications  and  sequelae,    11. 

775 
definition  of,  11.  766 
diagnosis  of,  11.  776 
duration,  ii.  775 
epidemic,  il.  766 
etiology  of,  11.  769 
general  remarks,  11.  768 
history  of,  11.  769 
in  armies,  ii.  576 
morbid  anatomy  of,  11.  771 
pathology  of,  11.  770 
prognosis  and  mortality,  ii.  777 
prophylaxis,  11.  777 
symptomatology,  11.  773 
synonyms  of,  11.'  766 
therapy,  11.  777 
Cerebro-spinal  sclerosis,  multi- 
ple, viii.  583 ;  and  see  Multiple  scle- 
rosis 
Cerebrum,  ii.  138;  and  see  Brain 
development  of  fissures  of,  11.  273 
diagnosis  of  lesions  of  cortex  11 

283 
influence  of,  on  knee-jerk,  v.  368 
volume  of,  varies  with  Inspira- 
tion and  expiration,  Ii.  246 
varies  with  systole  and  dias- 
tole, 11.  346 
Cereus  grandiflorus,  ii.  5-33 
night-blooming,  ii.  533 
Cerevisiae  fermentum,  viii  331 
Cerin,  vlll.  294 
Cerium,  11.  778 

oxalate,  11.  778 
Certificate  of  death,  11.  633 
Certified  milk,  v.  843 
Cerumen,  1.  636 

hypersecretion  of,  iil.  614 
Impacted,  ili.  614 
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Cerumen,  want  of,  ill.  615 
Cervical  artery,  ascending,  anom 
alles  of,  1.  528 
deep,  anomalies  of,  1.  529 
transverse,  anomalies  of,  i.  538 
Cervical  fascia,  vl.  193 
deep,  vl.  193 
superficial,  vl.  198 
Cervical  flstulse,  vli.  701 
congenital,  vil.  701 
median,  vil.  701 
Cervical  ganglion,  vil.  575 
inferior,  vil.  576 
lower,  vli.  576 
middle,  vli.  576 
superior,  vli.  575 
upper,  vll.  575 
Cervical  lymphatic  glands,  deep, 
v.  631 ;  vl.  199 
superficial,  v.  630;  vi.  199 
Cervical  nerve,  superficial,  surface 

marking  of,  vl.  191 
Cervical  plexus,  cutaneous  branches 

of,  surface  marking  of,  vi.  191 
Cervical  veins,  transverse,  anom- 
alies of,  vlli.  204 
Cervicalis     ascendens     muscle, 

anomalies  of,  vl.  60 
Cervico-brachial    neuralgia,    vl. 

346 
Cervix  uteri,  vil.  158 ;  and  see  Ute- 
rus 
abrasions  of,  viii.  69 
absence  of,  viii.  73 
adenocarcinoma  of,  viii.  88 
amputation  of,  vlll.  67 
atresia  of,  vlll.  68 
atrophy  of,  vlli.  64,  73 
cancer  of,  viii.  87 

treatment,  viii.  89 
chancre  of,  viii.  68 
chancroid  of,  vlll.  68 
dilatation  of,  viii.  69 
discission  of,  viii.  69 
divulslon  of,  vlll.  69 
glands,  vil.  163 
hypertrophy  of,  viii.  65 
lacerations  of,  vi.  810 ;  vlll.  70 

operations  for,  viii.  71 
mucous  membrane,  vli.  163 
stenosis  of,  viii.  68 
traumatic  affections  of,  vlli.  69 
tuberculous  ulceration  of,   vlli. 

68 
ulceration  of,  vlll.  68 
wounds  of,  vlli.  69 
Cess-pool,  air  of,  1.  158 
Cestoda,  11.  779 
Cestodaria,  Ii.  779 
Cetaceum,  vil.  377 
Cetraria,  vi.  1 
dried,  vi.  1 
islandioa,  vi.  1 
Cetrario  acid,  vl.  1 
Cetrarin  vi.  1 
Cevadilla,  viii.  320 
Cevadine,  ii.  690;  iv.  626 
Chalazse,  vi.  448 
Chalazion,  iv.  119 

of  eyelids,  iv.  106 
Chalazoderma,  Iil.  436 
Chalicosis,  v.  594 
Chalk,  infarct,  Iv.  868 
mercury  wltli,  v.  750 
prepared,  ii.  552 
Chalet's  metliod  of  resection  of  su- 
perior maxilla,  vl.  943 
Chalybeate,  v.  223 


Chalybeate  Springs,  11.  794 
Chalybeate  Water,  v.  488 
American,  v.  849 
European,  v.  849 
Chalybeates,  vll.  807 
Chamber,  moist,  viii.  437 

pneumatic,  vi.  669 
Chamberland  autoclave,  vlli.  421 
Chambon's    expression    forceps. 
viii.  140  ' 

Chamiquel,  ii.  794 
Chamomile,  ii.  795 
German,  11.  795 
Roman,  ii.  795 
Spanish,  vi.  532 
Chance,  viii.  185 
Chancre,  vil.  606,  947 

clinical  features  of,  vll.  607 
diphtheroid,  vil.  607 
hard,  vil.  606 
herpetlform,  vil.  607 
Hunterian,  vil.  607 
infecting,  vil.  606 
mixed,  vil.  607 
of  anus,  1.  397 
of  auricle,  ill.  674 
of  cervix  uteri,  viii.  68 
of  eyelid,  iv.  117 
of  hand  and  finger,  iv.  505 
of  nipple,  11.  473 
of  tongue,  vil.  795 
of  tonsil,  vli.  831 
of  urethra,  i.  770 
of  vulva,  viii.  161 
soft,  vli.  607 
umblllcated,  vil.  607 
Chancroid,  11.  795,  944 

buboes  following,  ii.  500 
.  clinical  history,  11.  796 
complications,  ii.  797 
diagnosis,  ii.  797 
etiology,  11.  795 
extragenital,  il.  796 
leucorrhflsa    accompanying,     v. 

location,  ii.  796 

of  anus,  i.  396 

of  cervix  uteri,  viii.  68 

of  rectum,  i.  396 

of  urethra,  1.  770 

of  vulva,  viii.  161 

treatment,  ii.  797 
Change  of  life,  ii.  798 
Channel  Islands,  iv.  426 
Charbon,  i.  363 ;  viii.  231 ;  and  see 

Anthrax 
Charcoal,  11.  800 

animal,  ii.  800 

as  a  deodorant,  iil.  411 

as  an  antidote,  i.  373 

purified  animal,  11.  800 

wood,  11.  801 
Charcot's  disease,  i.  549 ;  v.  265 
Charcot-Iieyden  crystals  in  asth- 
ma, 1.  587;  vll.  482 
Charcot-Marie-Tooth  disease,  vl. 
66  ' 

Charleston    Artesian   Wells,   ii 

801  ' 

Charleston,  S.  C,  11.  801 
Charta,  v.  737 

potassll  nltratis,  vl.  745 

slnapis,  vi.  68 
Charus,  ii.  647 
Chattanooga,  Tenn.,  ii.  803 
Chattolanee  Springs,  il.  801 
Chaulmoogra,  ii.  802 

false,  il.  803 
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Chaussier's  tube  for  direct  mouth 

insuflBation,  iv.  142 
Chautard's  test  for  acetone,  i.  67 
Ch.awul-niungri,  ii.  803 
Checkertoerry,  viii.  813 
Cheese,  v.  839 

adulteration  of,  iv.  180 
analysis  of,  v.  839 
as  a  food  for  soldiers,  v.  803 
hard,  v.  839 

nutritive  value  of,  v.  839 
poisonous,  iv.  189 
soft,  V.  839 
Chego,  ii.  838 
Ch.egoe,  ii.  828 
Ohegre,  ii.  838 
Cheilitis  glandularis  apostema- 

tosa,  ii.  803 
Cheilo  -  gnatho  -  prosoposchisis, 

vii.  701 
Cheilo-gnathoschisis,  vii.  700 
Cheilo-gnatho-uranoschisis,   vii. 

700- 
Cheiloplasty,  vi.  901 
Cheiloschisis,  vii.  700 
Cheiracanthus  siamensis,  vi.  210 
Cheiromegaly,    see   Hand,   hyper- 
trophy of 
Cheiropompholyx,  vi.  783 
Chekan,  ii.  803 
Chelerythrine,  ii.  73,  113,  760;  iv. 

11 
Chelidon,  iii.  733 
Chelidonic  acid,  ii.  760 
Chelidonine,  ii.  760 
Chelidoninic  acid,  ii.  760 
Chelidonium,  ii.  760 

majus,  ii.  760 
Cheloid,  v.  303 ;  and  see  Keloid 
Chelytus  eruditus,  i.  485 
Chemist,  duties  of,  in  cases  of  sus- 
pected poisoning,  vi.  692 
Chemotaxis,  i.  682 ;  ii.  762 ;  iv.  844 ; 

negative,  i.  682;  ii.  763;  iv.  844; 

V.  8 
positive,  i.  683;  ii.  763;  iv.  844; 
V.  8 
Chenopodium,  viii.  315 
ambrosioides,  viii.  315 
anthelminticum,  viii.  315 
oil  of,  used  for  round  worm,  i. 
363 
Chequen,  ii.  803 
Cherry,  black,  i.  741 
laurel,  i.  787 

vpater,  poisoning  by,  iv.  (85 
wild,  ii.  803 
Chervil,  sweet,  iv.  148 
Chest,  ii.  804 
alar,  ii.  811 

auscultation  of,  ii.  816 
immediate,  ii.  816 
mediate,  ii.  816 
bulging  of  wall  of,  ii.  814 
cobbler's,  ii.  811 
deformities  of,  ii.  804 
acquired,  ii.  807 
associated    with    paralytic 

affections,  ii.  808 
congenital,  ii.  804 
due  to  changes  in  thoracic 
and  abdominal  cavities,  ii. 
811 
due  to  lacing,  ii.  810 
due  to  static  conditions,  ii. 
807 
emphysema  of,  viii.  430 


Chest,  emphysematous,  ii.  814 
enlargement  of,  ii.  814 
examination  of,  by  .X^-rays,  ii.  814 
form  of,  ii.  814 
funnel,  ii.  806 
gunsliot  wounds  of,  iv.  452 
inspection  of,  ii.  814 
keeled,  ii.  810 
lines  of,  transverse,  ii.  813 

vertical,  ii.  813 
massage  of,  v.  695 
movements  of,  during  respira- 
tion, ii.  814 
normal,  ii.  814 

size  of,  ii.  814 
palpation,  ii.  815 
paralytic,  ii.  811 
percussion,  ii.  815 
immediate,  ii.  815 
mediate,  ii.  815 
phthinoid,  ii.  811 
phthisical,  ii.  811 
physical  examination  of,  ii.  813 
examination  of,  for  life  in- 
surance, V.  511 
pigeon,  ii.  810,  814 
rachitic,  ii.  810,  814 
rales  in,  ii.  818 
regions  of,  anterior,  ii.  813 
lateral,  ii.  813 
posterior,  ii.  812 
relations  of  lung  to,  ii.  812 
retraction  of,  ii.  814 
rudimentary,  ii.  811 
sinking  in  of  wall  of,  ii.  814 
topography  of,  ii.  813 
Chestnut,  ii.  835 

horse,  poisonous  plant,  vi.  702 
Chewstick,  ii.  826 
Cheyne-Stokes    respiration,    iii. 
579;  vi.  953 
causes  of,  iii.  579 
Chicago,  111.,  ii.  826 
Chichancanato,  ii.  826 
Chichimequillas,  ii.  826 
Chichipico,  ii.  826 
Chicken,  haemolymph  glands  of,  iv. 

469 
Chicken  bug,  Mexican,  V.  156 
Chicken  jelly,  how  to   make,  iii. 
454 
panada,  how  to  make,  iii.  454 
Chickenpox,  ii.  836 

diagnosed  from    smallpox,    vii. 
249 
Chick's  Springs,  ii.  827 
Chicory,  ii.  828 
Chicque,  ii.  828 

Chiene's  method  of  brain  localiza- 
tion, ii.  405 
Chigger,  ii.  828 
Chigoe,  ii.  828;  v.  154 
Chilblain,  iii.  417 ;  iv.  531 
Childbed  fever,  vi.  793 
Child-birth,  see  Labw 

followed  by  blindness,  ii.  13 
Childhood,  ii.  829;  see  also  Infants 

and  Children 
Child  labor,  injurious  influences  of, 

vi.  321 
Children,  see  also  Infants 
alimentary  tract  of,  ii.  830 
backward,  v.  150 
bones  in,  11.  880 
clonic  blepharospasm  of,  ii.  6 
convulsions  in,  iii.  700 
crying,  significance   of,   m,  ui. 
'384 


Children,  defective,  percentage  of, 
from  consangineous  marriages, 
iii.  257 
disease  in,  ii.  888 

pericarditis  in,  vi.  562 
development  of.  ii.  832 

mental,  ii.  832 
dosage  for,  iii.  551 

Cowling's  formula,  iii.  551 
Young's  formula,  iii.  551 
emotions  of,  ii.  832 
examination  of  nose  in,  vi.  109 
growth  of,  ii.  833;  iv.  419 
insanity  in,  v.  30 
intellect  of,  ii.  833 
intestinal  disease,  diet  in,  iii.  459 
kidneys  of,  11.  831 
leprosy  in,  v.  845 
lymphatic  system  of,  ii.  881 
mortality  among,  ii.  834 

from  preparations  of  opium, 

vi.  389 
from   consanguineous  mar- 
riages, iii.  257 
myopia  in,  vi.  84 
myxoedema  in,  vi.  87 
necrosis  of  jaw  in,  v.  354 
nervous  system  of,  ii.  831 
school  life  of,  ii.  833 
senses  of,  ii.  882 
skin  of,  ii.  829 
syphilitic  affections  of  the  ear 

in,  iii.  685 
teeth  of,  ii.  830 
urine  of,  ii.  831 
weak  foot  in,  iv.  204 
weight  of_,  iv.  418 
vaginitis  in,  viii.  163 
Chile,  Pharmaoopneia  in,  vi.  582 
Chill,  congestive,  v.  679 
Chillies,  ii.  653 
Chilodon  dentatus,  viii.  658 
Chilopoda,  v.  160 
Chimaphila,  vi.  638 
corymbosa,  vi.  688 
umbellata,  vi.  638 
Chimaphilin,  vi.  689 
Chimney-sweeps'    cancer   of   the 

scrotum,  ii.  682 
Chin,  itching  of,  in  asthma,  i.  584 
China,  Pharmacopceia  in,  vi.  583 

pride  of,  i.  675 
Chinaberry  tree,  i.  675 
Chinaphtol,  ii.  834 
Chinaseptol,  ii.  834 
Chine,  el,  ii.  834 
Chinoidine,   iii.    88,   93;    and    see 

Cinchoiia 
Chinoline,  ii.  834 
tartrate,  ii.  884 
Chinoral,  iv.  426 
Chinosol,  ii.  885 

compound  powder  of,  ii.  835 
Chinovic  acid,  iii.  93 
Chinovin,  iii.  93 
Chique,  ii.  828 
Chirata,  ii.  835 
Chiratin,  ii.  835 
Chiretta,  ii.  8d5 
Chirol,  ii.  835 
Chittem  bark,  ii.  706 
Chittenango  Sulphur  Springs,  u. 

835 
Chiuchi-coca,  iii.  154 
Chloasma,  ii.  835 

diagnosed  from  erythrasma,  iv. 

10  ^„. 

uterinum,  ii.  836;  vi.  634 
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Chloral,  ii.  837 

aceto-phenon-oxibie,  ii.  838 
alcoholate,  ii.  838 
ammonium,  ii.  838 
camphor,  ii.  838 
cyanhydrate,  ii.  838 
cyanhydrin,  ii.  838 
formamide,    as  a  hypnotic,  iv, 

815 
hydrate,  as  a  germicide,  iv.  833 
as  a  hypnotic,  iv.  875 
hutyl,  ii.  539 
croton,  ii.  529 

death  from,  post-mortem  ap- 
pearances, i.  664 
effect  of,  on  body  tempera- 
ture, ii.  571 
effect  of,  on  foetus,  vi.  379 
toxicology  of,  ii.  837 
hydrocyanin,  ii.  838 
hypodermatic  use  of,  iv.  821 
urethane,  viii.  11 
Chloralamid,  iii.  1 

as  a  hypnotic,  iv.  815 
Chloralimid,  iii.  1 
ChloValose,  ii.  888 

as  a  hypnotic,  iv.  818 
Chloraloximes,  ii.  838 
Chlorate,  potassium,  vi.  745 

sodium,  vii.  258 
Chlorates,  influence  of,  upon  hemo- 
globin, iii.  3 
poisoning  by,  iii.  1 
Chlor-ethylidene,  iv.  15 
Chloretone,  i.  321 

as  a  hypnotic,  iv.  818 
Chloriden,  iv.  15 
Chlorides,  iii.  3 
in  urine,  viii.  53 

tests  for,  viii.  53 
mercur-ammoniura,  v.  755 
mercuric,  v.  753 
mercurous,  v.  751 
mild,  V.  751 
of  barium,  i.  734 
of  bromine,  ii.  487 
of  gold  and  sodium,  iv.  397 
of  iron,  v.  227 
of  lime,  iii.  6 

as  a  deodorant,  iii.  411 
as  a  disinfectant,  iii.  503 
of  mercury,  v.  751,  753 
of  zinc,  viii.  338 

as  a  deodorant,  iii.  413 
uses  of,  in  medicine,  iii.  3 
Chlorinated  lime,  iii.  6 

soda,  iii.  6 
Chlorine,  iii.  5 

antidotal  value  of,  i.  373 

as  a  deodorant,  iii.  411 

as  a  disinfectant,  i.  688;  iii.  497 

as  a  germicide,  iv.  833 

in  water,  viii.  286 

therapeutic  uses  of,  iii,  5 

wafer,  iii.  5 

as  an  antidote,  i.  373 
Chlorion  caerulium,  v.  167,  168 
Chlorobrom,  iii.  6 
Chloro-cartoon,  ii.  665 
Chlorocruorin,  an  animal  pigment 

iii.  335 
Chlorodyne,  i.  361 ;  iii.  6 
composition  of,  i.  361 
Chloroform,  i.  391;  iii.  7;  and  see 
Ancesthesia 
administration  of,  iii.  9,  13 
as  a  germicide,  iv.  332 
.  as  an  anodyne,  i.  361 ;  iii.  7 
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Chloroform  as  an  anthelmintic,  i. 
883 
clinical  evidence  regarding,  Iii.  85 
death  from,  cause  of,  i.  296 
post-mortem  appearances,  i. 
664 
effects  of,  on  foetus,  vi.  379 
on  heart's  action,  i.  397 
fatalities,  analysis  of,  iii.  33 
methyl,  v.  781 
narcosis,  stages  of,  i.  396 
possibility  of  administering  to 
sleeping      person,       without 
awakening,  iii.  9 
to  check  a  chill,  i.  378 
toxicology  of,  iii.  9 
water,  iii.  9 
Chlorol,  iii.  35 
Chloroma,  iii.  35;  vii.  37,  907 

of  orbit,  iv.  115 
Chlorophenol  salicylate,  iii.  28 
Chlorophyll,  pigment,  iii.  335 
Chloropsia,  viii.  733 
Chlorosis,  iii.  26 

an  autointoxication  due   to  co- 

praemia,  i.  644 
blood  in,  ii.  69;  iii.  36 
definition  of,  iii.  36 
differential  diagnosis  of,  iii.  36 
effect  of  iron  in,  v.  331 
Egyptian,  vi.  330 
pathology  of,  iii.  37 
symptomatology  of,  iii.  36 
treatment  of.  iii.  28 
Chlor-salol,  iii.  28 
Chocolate,  ii.  531 

as  beverage  for  soldiers,  v.  805 
custard,  how  to  make,  iii.  455 
Choke  damp,  i.  155 ;  ii.  659 
Choked  disc,  ii.  265 

symptom  of  intracranial  tumors, 
ii.  437 
Cholsemia,  i.  646 ;  v.  536 
drowsiness  in,  iii.  560 
due  to  autointoxication,  i.  646 
Cholagogues,  iii.  28 

effect  of,  on  bile  secretion,  vii.  98 
therapeutic  uses  of,  iii.  33 
Cholangitis,  iv.  293 

differential  diagnosis  of,  v.  535 
Cholecystectomy,  v.  559 
Cholecystenterostomy,  v.  559 
Cholecystitis,  iv.  393 
Cholecystostomy,  v.  558 

ideal,  v.  559 
Choledochotomy,  v.  559 
Cholelithiasis,    differential     diag- 
nosis, V.  535 
surgical  treatment  of,  v.  558 
Cholera,  algid,  viii.  383,  393 
Cholera,  Asiatic,  viii.  883;  see  also 
Asiatic  cholera 
among  troops,  ii.  572 
bacteriological  diagnosis  of,  viii. 

441 
due  to  milk,  v.  836 
epidemics  of,  viii.  384 
erythema  in,  iv.  7 
how  to  avoid,  in  camp,  v.  813 
pathology  of,  viii.  394 
period  of  incubalion,  viii.  390 
prophylii.xis,  viii,  400 
quarantine  in,  vi.  834 

disinfection  of  vessels,  vi. 
835 
serum  therapy  in,  vii.  134 
somatic  conditions,  viii.  390 
spirillum  of,  i.  719;  viii.  394 


Cholera,  Asiatic,  spirillum  of,  bac- 
teriology of,  i.  714 
symptoms,  viii.  393 
synonyms,  viii.  383 
transportability   and   means  ty 
which  itis transported, viii.  386 
treatment,  viii.  398 
Cholera,  asphyctic,  viii.  393 
Cholera,  epidemic,  viii.  383  ;  see 

also  Olwlera,  Asiatic 
Cholera  gravis,  viii.  393 
Cholera,  hog,  detection  of,  v.  737 
Cholera  infantum,  iii.  33,  489,  444 
cold  in,  iii.  195 
diagnosis,  iii.  35 
etiology,  iii.  38 
morbid  anatomy,  iii.  34 
pathology,  iii.  444 
prognosis,  iii.  35 
symptoms,  iii.  34 
treatment,  iii.  35,  448 
Cholera  in  new-born,  yi.  278 
Cholera,  malignant,  viii.  383 
Cholera  morbus,  iii.  489 
Cholera,  summer,  iii.  33 
Choleraic    diarrhoea,  iii.  33;  viii 

391 
Cholerine,  viii.   383,  391;   see  also 

Cholera,  Asiatic 
Cholesteatoma,  iii.  36;  vii.  721 

of  middle  ear,  iii.  629 
Cholesterin,  i.  755;  iii.  37 
a  degeneration,  iii.  395 
crystals  in  faeces,  iv.  128 
deposit,  iii.  397 
in  urine,  viii.  51 

tests  for,  viii.  52 
laminated,  in  gall  stones,  iii.  339 
pure,  in  gall  stones,  iii.  339 
source  of,  in  bile,  iii.  229 
Cholin,  ptomain,  vi.  786 
Choline,  iii.  37 

Chondro- adenoma  of  the  conjunc- 
tiva, iv.  109 
Chondro-coracoid  muscle,  vi.  51 
Chondrodendron  tomentosum,  vi. 

508 
Chondrodystrophia,  viii.  424 
Chondro-epitrochlearis    muscle, 

vi.  49 
Chondroglossus  muscle,  vi.  47 
Chondrolipoma,  viii.  568 
Chondroma,  iii.  38;  vii.  907 
definition,  iii.  38 
diagnosis,  iii.  40 
etiology,  iii.  40 
mode  of  growth,  iii.  39 
of  hand  and  finger,  iv.  501 
of  kidney,  v.  333 
of  nose,  vi.  140 
of  periosteum,  vi.  569 
osteo-,  iii.  40 

osteoid,  of  periosteum,  vi.  569 
situation,  iii.  89 
structure,  iii.  38 
varieties,  iii.  38 
Chondrosarcoma,  vii.  34,  907 
Chondrus,  vi.  1 
crispus,  vi.  1 
Chopart's  method  of  amputation  of 

foot,  i.  357 
Chorda  dorsalis,  see  Notoehord 
Chorda  tympani  nerve,  fold  of  mu- 
cous membrane  enclosing  the,  ill. 
584 
Chorda  venerea,  iii.  40 
Chordae  tondineae,  iv.  569 
Ohordee,  iii.  40 


GENERAL  INDEX. 


t;niorai. 
Ciliary  body. 


Chorditis  nodosa,  v.  416 

tuberosa,  v.  416 
Chordoma,  lii.  41 ;  vii.  907 
Chorea,  iil.  41 

adult,  iii.  43 ;  v.  101 
associated  with  epilepsy,  iii.  44 

with  insanity,  iii.  43 
chronic  progressive,  v.  101 
complications  of,  iii.  43 
diagnosis,  iii.  46 
effect  of  massage  in,  v.  697 
etiology,  iii.  43 
hand  in,  iv.  533 
hereditary,  v.  101 
Huntington's,  v.  101 
hysterical,  iii.  43 
in  pregnancy,  iii.  43 
insaniens,  v.  100,  104 
of  larynx,  v.  439 
pathology,  iii.  44 
prognosis,  iii.  45 
relation  to  heart  disease,  iii.  43 

to  rheumatism,  iii.  42 
saturnine,  iii.  44 
symptoms,  iii.  41 
treatment,  iii.  46 
varieties,  iii.  41 
Choreic  moveinents,  cause  of,  iii 

276 
Choriocapillaris,  iii.  63 
Choriocarcinoma,  vii.  595 
Chorio-epithelioma,  iii.  61 
Chorion,  iii.  47;  vi.  448;   see  also 
Placenta 
anjemia  of,  lii.  53 
atelectasis  of,  lii.  60 
calcification  of,  iii.  57 
circulatory  changes  in,  iii.  53 
connective-tissue  tumors  of,  iii. 

61 
cysts  of,  iii.  60,  62,  349 
degeneration  in,  amyloid,  iii.  57 
fatty,  iii.  57 
fibrinoid,  iii.  57 
h3'-aline,  iii.  57 
myxomatous,  iii.  57 
development  of,  iii.  48 
diseases  of,  iii.  52 

relation  to  eclampsia,  iii.  63 
endarteritis  of,  iii.  59 
frondosum,  iii.  49 
hemorrhage  of,  iii.  53 
hyperaemia  of,  iii.  53 
inflammation  of,  iii.  58 
moles  of,  iii.  60 
myxoma  of,  vi.  88 
parasites  of,  iii.  63 
pathological,  iii.  52 
periarteritis  of,  iii.  59 
pigmentation  of,  iii.  57 
syphilis  of,  iii.  59 
tumors  of,  iii.  60 
villi  of,  iii.  48 
Chorionitis,  iii.  58 

interstitial,  iii.  59 
Chorioretinitis  centralis,  iii.  69 
pigmentosa,  iii.  69 
syphilitica,  iii.  64 
Choroid,  iii.  63;  iv.  73 

atrophy  of,  accompanying  reti- 
nitis proliferans,  iii.  69 
benign  tumors  of,  iv.  Ill 
blood  supply  of,  iii.  63 
capillary  network  of,  iv.  73 
carcinoma,  metastatic,  of,  iv.  113 
coloboma  of,  iii.  63  ...   or, 

congenital  anomalies  of,  ui.  63 
cystoid  formations  in,  iv.  Ill 


Choroid,  detachment  of  the,  iii.  68 
diseases  of,  iii.  63 
granuloma  of,  vi.  Ill 
hemorrhage   of,  iii.  69 
hyperaemia  of,  iii.  64 
intlammation    of,    iii.    64;    see 

GhiiroidiUs 
malignant  tumors  of,  iv.  Ill 
non-iuflammatory   aifections   of 

the,  iii.  68 
perforating  wounds  of,  iii.  69 
pigment  in,  iii.  63 
rarefaction  of  the,  iii.  69 
rupture  of  the,  iii.  69 ;  iv.  104 
sarcoma  of,  iv.  Ill 
traumatism  of,  iii.  69 
tuberculosis  of,  iii.  67 
tumors  of  the,  iv.  Ill 
wounds  of,  iii.  69 
Choroiditis,  iii.  64 
areolaris,  iii.  65 
causes,  iii.  64 
course,  iii.  64 
diffuse,  iii.  65 
disseminate,  iii.  65 
embolic,  iii.  66 
guttate,  iii.  65 
hemorrhagic,  iii.  68 
metastatic,  iii.  67 
myopica  as  cause  of  blindness, 

ii.  10 
pathology,  iii.  64 
plastic,  ill.  67 
sero-plastic,  iii.  64 
superficial  senile,  iii.  69 
suppurative,  iii.  67 
symptoms,  iii.  64 
syphilitic,  vii.  620 
treatment,  iii.  64 
Chorology,  i.  759 
Chorophilus  feriarum,  gastrula  of, 

iv.  312 
Christemhine,  iii.  788 
Christmas  rose,  iv.  636 
Chroatol,  iii.  69 

Chromates   in  milk,  detection   of, 
V.  840 
poisoning  by,  iii.  71 
Chromatin,  ii.  762 
Chromatolysis,  v.  301 ;  vi.  201 ;  and 

see  Karyolysis 
Chromatophile  granules,  vi.  236 
Chromatophores,  vi.  634 
Chromatophoroma,  vii.  37 
Chromatopsia,  viii.  732 
causes,  viii.  732 
toxic,  viii.  733 
varieties,  viii.  733 
Chromatoptometry,  vi.  393 
Chromic  acid,    iii.  70 
as  a  caustic,  ii.  757 
as  a  germicide,  iv.  333 
poisoning  by,  iii.  71 
Chromidrosis,  iii.  70 
Chromium,  iii.  70 

compounds  of,  uses  of,  iii.  70 

poisoning  by,  iii.  72 
poisoning  by,  iii.  70,  73 
trioxide,  iii.  70 
Chromocytometer  of  Bizzozero,  ii. 

51 
Chromogens,  pigments,  iii.  333 
Chromophytosis,  vii.  783;  and  see 
Tinea  versicolor 
diagnosed  from  erythrasma,  iv. 
10 
Chromoplasts,  iii.  73 
Chromosomes,  ii.  764;  iii.  73 


Chromosomes,  functions  of,  iii.  75 
Chronic-progressive  bulbar  pal- 
sy, vi,  66 
Chrosperm.a  muscaetoxicum,  poi- 
sonous plant,  vi.  704 
Chrysanthemum  carneum,  v.  151 
coccineum,  v.  151 
parthenium,  ii.  795 
roseum,  v.  151 
Chrysarobin,  iii,  75 
ointment,  iii.  76 
triacetate,  iv.  19 
Chrysarobinum,  iii.  75 
Chrysoidin,  iii.  76 
Chrysophanic  acid,  iii.  76;  vi.  974 
Chrysotoxin,  iv.  2 
Chucandiro,  jii.  76 
Churrus,  ii.  647 
Chyle,  iii.  76 ;  v.  617 

and  lymph  compared,  iii.  76 
and  serum  compared,  iii.  76 
composition  of,  v.  618 
Chyliform  transudate,  iii.  78 
Chylocele,  vii,  188 
Chylopericardium,  iii.  78 
Chylothorax,  iii.  78;  v.  666;  viii. 
463 
etiology,  viii.  468 
prognosis,  viii.  464 
symptomatology,  viii.  464 
treatment,  viii.  464 
Chylous  ascites,  iii.  78,  79 

transudate,  iii.  78 
Chyluria,  iii.  81 
Chyme,  iii.  82 

changes  in,  in  duodenum,  iil.  83 

in  stomach,  iii.  83 
effect  on  bile,  iii.  85 
factors  determining  composition 
of,  iii.  83 
Chymosin,  vi.  893 
Chytridiales,  iv.  278 
Cibotium,  iii.  86;  iv.  148 

diambianum,  iii.  86 
Cicada,  v.  160 

Cicatrices  on  recruits,  vi.  851 
stenosis  of  larynx  from,  v.  440 
treatment,  v.  443 
Cicatricial   contraction,   amputa- 
tion for,  i.  337 
of  hand,  iv.  508 
Cicatrix,  iii.  86 

contractions  of,  iii.  87 
degenerative  changes  in,  iii.  87 
inflammations  in,  iii.  87 
structure  of,  iii.  86 
tumors  of,  iii.  87 
Cicatrization,  iv.  413 
process  of,  iv.  411 
Cichoriacese,  ii.  623 
Cichorium,  ii.  828 
intybus,  ii.  828 
Cicuta,  iii.  238;  vi,  701,702 
maculata,  vl.  703 
poisoning  by,  vi.  703 
Cicutine,  iii.  339 
Cider,  i.  169 
Cienega,  iii,  87 
Cienega  de  Mata,  iil.  87 
Cigarettes,  effects  of,  vii.  789 
Cigars,  effects  of,  vii.  789 
Cilia,  iii.  371 

movements  of,  iii.  855 
Ciliary  arteries,  iv.  73 
Ciliary  body,  iv.  73 
adenoma  of,  iv.  110 
benign  tumors  of,  iv.  110 
cysts  of,  Iv.  Ill 
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Ciliary  body,  malignant  tumors  of, 
iv.  Ill      / 
mjoma  of.  iv.  110 
sarcoma  of,  iv.  Ill 
tumors  of,  iv.  110 
Ciliary  body  of  brain,  ii.  163 
Ciliary  movement,  ii.  763;  iii.  271 

character  of,  iii.  272 
Ciliary  muscle,  iv.  74 
paralysis  of,  iv.  99 
Ciliary  nerves,  iv.  73 
Ciliary  plexus,  iv.  74 
Ciliary  process,  iv.  74 
Ciliary  region,  cuts  and  punctures 

in,  iv.  103 
Ciliary  ring,  iv.  74 
Ciliated  epithelium,  iii.  855 
Cimecidse,  v.  155 
Cimex  lectularius,  v.  155,  156 
Cimicifuga,  iii  87 
racemosa,  iii.  87 
Cinchamidine,  iii.  93 
Cinchocerotin,  iii.  93 
Cinch.ona,  iii.  88 

acids,  iii.  93 

action  and  use  of,  iii.  90 

alkaloids,  iii.  89,  91,  93 

antiperiodio  action  of,  i.  377 

calisaya,  iii.  88 

composition,  iii.  89 

description  of,  iii.  88 

ledgeriana,  iii.  88 

official  alkaloids  of,  iii.  89 

officinalis,  iii.  88 

pale,  iii.  92 

red,  iii.  89 

remigia,  iii.  92 

rubra,  iii.  89 

succirubra,  iii.  88,  89 

unofficial  barks,  iii.  92 
Cinchonic  acid,  iii.  93 
Cincbonidine,  iii.  93 

sulphate,  iii.  91 
Cinchonina,  iii.  91 
Cincbonine,  iii.  91 

iodosulphate  of,  v.  310 
Cincbonism,  iii.  91 ;  vi.  837 
Cincbotannic  acid,  iii.  93 
Cincinnati,  iii.  93 
Cincinnati  Artesian  Well,  iii.  93 
Cineol,  iv.  15 
Cinnabar,  v.  756 
Cinnamates,  iii.  93 
Cinnamie  acid,  iii   93 

aldehyde,  iii.  95 
Cinnamodendron  corticosum,  ii 

646 
Cinnamomum,  iii.  93 

camphora,  ii.  633 

cassia,  iii.  93 

saigonicum,  iii.  94 

zeylanicum,  iii.  93 
Cinnamon,  iii.  93 

action  and  uses,  iii.  94 

cassia,  iii.  93 

Ceylon,  iii.  93 

Chinese,  iii.  94 

composition,  iii.  94 

God's,  iii,  94 

oil  of,  iii.  94 

preparation,  iii.  94 

Saigon,  iii.  94 

uses,  iii.  94 

wild,  ii.  646 
Cinnamyl-meta-oresol,  iv.  688 
Circle  of  least  confusion,  i   591 
Circle  of  Willis,  ii.  251 
Circles  of  diffusion,  iv.  85 
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Circular  sinus,  anomalies  of,  viii. 

204 
Circulation,  disorders  of  tbe,  diet 
in,  iii.  460 
due  to  occupations,  vi.  820 
in  cretinism,  iv.  393 
in  diabetes  mellitus,  iii.  429 
in  hysteria,  iv,  833 
in  insanity,  v.  53 
in  myelogenous  leukamia,  v.  499 
iu  pregnancy,  iv.  340,  346 
in  the  parathyroid  glands,   vi. 
507 
Circulation,   lymphatic,   disturb- 
ances of,  iii.  124 
Circulation  of  the  blood,  iii.  95 
action  of  anaesthetics  on,  i.  295 
of  antipyrin  on,  i.  380 
of  camphor  on,  ii.  696 
of  cocaine  on,  iii.  158 
of  digitalis  on,  ii.  697,  701 
changes  in,  at  birth,  iv.  856 
cessation  of,  at  death,  iii.  376 
comparative  anatomy,  iii.  95 
control  of,  in  amputations,  i.  239 
effect  of  starvation  on,  vii.  442 
of  vaso-motor  nerves  on,  iii. 

115 
of  veno-motor  nerves  on,  iii. 
116 
gradual  failure  of,   a  cause  of 

death,  iii.  377 
in  infancy,  iv.  857 
in  insanity,  v.  53 
mechanics  of,  iii.  96 
pathology  of,  iii.  118 
relation   of   pulmonary   to  sys- 
temic, iii.  103 
time  of,  iii   102 
velocity  of,  iii.  100 
Circulatory  changes  in  the  chor- 
ion, iii.  53 
Circulatory  organs,  malformations 

of,  vii.  706 
Circumcision,  iii.  134     ' 

indications  for,  iii.  126 
Circumflex  artery,  external,  anom- 
alies of,  i.  535 
internal,  vii.  739 

anomalies  of,  i.  535 
Circumflex  iliac  artery,  anomalies 
of,  i.  534 
superficial,  vii.  736 
Circumflex  iliac  vein,  superficial, 

vii.  736 
Circuminsular  fissure,  ii.  301 
Circumscription,  celian,  ii.  151 
Cirrhosis  hepatis  anthracotica,    v. 
547 
of  liver,  v.  543 

atrophic,  v.  544,  548 
Hanoi's,  v.  547 
hypertrophic,  v.  545,  549 
Laennec's,  v.  544,  548 
obstructive  biliary,  v.  546 
pigmentary,  v.  547 
of  ovary,  vi.  433 
Cissampelos  pareira,  vi.  509 
Cisterna  ambieus,  ii.  313 
intercruralis,  ii.  313 
magna,  ii.  812,  216 
Cisternas  of  arachnoid,  ii.  216 
Cistus  creticus,  v.  408 
cyprius,  v.  403 
ladaniferus,  v.  403 
Citral,  iii.  126 
Citrate  of  iron,  v.  226 

of  iron  and  ammonium,  v.  226 


Citrate  of  iron  and  quinine,  iii.  90: 
V.  326 
soluble,  iii.  90 
of  iron  and  strychrine,  v.  226; 

vii,  548 
of  lithium,  v.  518 
of  magnesium,  v.  678 
of  potassium,  vi.  743 
of  silver,  vii.  216 
Citric  acid,  iii.  126 

germicidal  action  of,  iv.  882 
Citrine  ointment,  v.  755 
Citron,  iii.  127 
Citronella  grass,  iii.  126 

oil,  iii.  126 
Citronellol,  vi.  1000 
Citrophen,  iii.  127 
CitruUus  colocynthis,  iii.  200 
Citrus,  iii.  137 
acida,  iii.  127 
amara,  iii.  137 
aurantium,  iii,  127;  vi.  398 
bergamia,  i.  747;  iii.  127 
cedra,  iii.  127 
decumana,  iii.  127 
limetta,  iii.  127 
limonum,  iii.  127 
medica,  iii.  137 
nobilis,  iii.  127 
vulgaris,  vi.  398 
Civet,  iii.  127 
Civil  incapacity,  iii.  127 
Civil  state,  bearing  of,  on  insanity, 

V.  30 
Civilization  as  a  cause  of  insanity, 

V.  29 
Cladocoelium  giganteum,  vii.  866 

hepaticum,  vii.  865 
Clams  as  food  for  invalids,  iii.  455 
Clap,  iv.  398;  and  see  Gorwrrlwa 
Claremonde  Chalybeate  Springs, 

iii.  129 
Clarendon  Springs,  iii.  129 
Clark's  Red  Cross  Mineral  Well, 

iii.  129 
Clark's      Riverside      Mineral 

Springs,  iii.  130 
Clarke's  rule  for  dosage,  iii.  551 
Classification  an  evidence  of  evo- 
lution, iv.  20 
Clastothrix,  i.  605 
Claustrum,  lesions  of,  diagnosis,  ii. 

386 
ClavariacesB,  iv.  286 
Claviceps  purpurea,  Iv.  1 
Clavicle,  absence  of,  ii.  806 ;  iii.  130 
deformity  of,  ii.  806 ;  iii.  130 
diseases  of,  iii.  130 
dislocation  of,  iii.  514 
excision  of,  iii.  130 
fracture  of,  iv.  258 
fractured,  by  coughing,  iii.  302 

in  utero,  iii.  130 
neoplasms  of,  iii.  130 
oper'ative  procedures  on,  iii.  130 
surgery  of  the,  iii.  130 
temporary  resection  of,  iii.  130 
traumatisms  of,  iii.  130 
Clavus,  see  Headache,  iv.  548 
Claw-hand,  iv.  531 
Cleanliness  iu  camp,  essential,  v. 
812,  813 
prophylactic  against  industrial 
diseases,  vi.  327 
Clear  Creek  Springs,  iii.  131 
Cleavage,  lines  of,  in  skin,  viii.  671 
Cleft  palate,  iii.  131 
acquired,  iii.  134 
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Cleft  palate,  congenital,  iii.  183 
definition  of,  iii.  131 
operation  for,  iii.  134 
patiiology,  iii.  131 
training  the  voice  after  closure 

of,  iii.  136 
treatment  of,  iii.  136 
Clefts,  branchial,  ii.  459;  vi.  300 
facial,  vii.  700 
labio-maxillary,  vii.  700 
nasal,  vii.  701    - 
of  jaws,  vii.  700 
of  lips,  vii.  700 
of  palate,  vii.  700 
subumbilical,  vii.  703 
Cleido-cervicalis  muscle,  vi.  49 
Cleido-epitrochlearis  muscle,  vi. 

51 
Cleido-liyoid  muscle,  vi.  45 
Cleido-mastoid  m.uscle,  vi.  44 
Cleldo-occipital  m.uscle,  vi.  44 
Clergyman's     sore     throat,    see 

Pharyngitis,  chronic  follicular 
Cleveland,  iii.  136 
Click,  mucous,  vi.  838 
Clifton  Springs,  iii.  136 
Climacteric,  ii.  798 

and  insanity,  v.  31,  116 
Climate,  iii.  137;  see  a\&o  Acdimati- 
zaiion  ;  Altitudes,  high  ;  Health 
resorts 
aerophysical,  iii.  144 
alpine,  i.  303 
and  animals,  iii.  147 
and  disease,  iii.  147 
and  man,  i.  149 ;  iii.  146 
and  vegetation,  iii.  148 
arctic,  iii.  144 
artificial,  iii.  144 
as  factor  in  insanity,  v.  30 
as  influencing  blindness,  ii.  7 
as  modifying  factor  of    meno- 
pause, ii.  798 
astronomical,  iii.  144 
continental,  iii.  144 
desert,  iii.  144 
difference  between  weather  and, 

iii.  137 
dosage  modified  by,  iii.  551 
effect  of  temperature  on,  i.  149 ; 

iii.  141 
elements  of,  iii.  141 
factors  of,  iii.  137,  138 
geographical,  iii.  144 
high  altitude,  i.  303 
hill,  iii.  144 

influence  of,  on  blindness,  ii.  7 
on  dysentery,  iii.  567 
on  nutrition,  vi.  177 
in  pulmonary  tuberculosis,  v.  604 
insular,  iii.  144 
island,  iv.  563 
land,  iii.  144 
littoral,  iii.  144 
marine,  iv.  563 
mountain,  iii.  144 
oceanic,  iii.  144 
of  Aberystwith,  Wales,  i.  39 
of  Aiken,  i.  144 
of  Ajaccio,  i.  163 
of  Alaska,  viii.  343 
of  Alassio,  i.  164 
of  Algiers,  i.  170 
of  Alicante,  i.  173 
of  Arcachon,  i.  438 
of  Arco,  i.  439  _.. 

of  Arizona,  i.  449;  vin.  337 
of  Arosa,  i.  531 
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Climate  of  Asheville,  N.  C,  i.  571 
of  Atlantic  Oity,  i.  600 
of  Augusta,  Ga.,  i.  633 
of  Australia,  i.  640 
of  Azores,  the,  i.  676 
of  Baden-Baden,  viii.  404 
of  Bahamas,  vi.  149 
of  Baltimore,  i.  735 
of  Banff  Hot  Springs,  i.  733 
of  Barbados,  i.  733 
of  Bath,  England,  i.  736 
of  Berck-sur-Mer,  i.  747 
of  Berkshire  Hills,  i.  748 
of  Bermudas,  i.  749 
of  Bethlehem,  N.  H.,  i.  750 
of  Biarritz,  i.  753 
of  Biskra,  i.  760 
of  Black  Forest,  the,  Germany, 

viii.  404 
of  Block  Island,  ii.  15 
of  Boerne,  Tex.,  ii.  113 
of  Bovdighera,  ii.  129 
of  Boston,  ii.  131 
of  Boulder,  Col.,  ii.  132;  iii.  218 
of  Bournemouth,  ii.  133 
of  Brownsville,  Tex.,  ii.  498 
of  Brunswick,  Me.,  vi.  483 
of  Burlington,  Vt.,  ii.  517 
of  Cairo,  Egypt,  iii.  737 
of  California,  Southern,  ii.  553 

littoral,  vii.  20 
of  Camden,  S.  C,  ii.  571 
of  Canary  Islands,  ii.  624 
of  Cannes,  ii.  649 
of  Cape  Cod,  vi.  97 
of  Cape  May,  N.  J.,  ii.  653 
of  Cedar  Keys,  ii.  759 
of  Channel  Islands,  iv.426 
of  Charleston,  S.  C,  ii.  801 
of  Chattanooga,  Tenn.,  ii.  803 
of  Chicago,  ii.  826 
of  Cincinnati,  iii.  93 
of  Cleveland,  iii.  136 
of  Colorado,  iii.  218 
of  Colorado  Springs,  iii.  219 
of  Corsica,  i.  163 
of  Costebelle,  iv.  793 
of  Cuba,  iii.  335 
of  Davos,  iii.  353 
of  Denver,  iii.  408 
of  Des  Moines,  iii.  437 
of  Detroit,  iii.  427 
of  Dublin,  N.  H.,  iii.  563 
of  Eastport,  Me.,  iii.  698 
of  Egypt,  iii.  727 
of  Engadine,  Upper,  iii.  835 
of  Florida,  iv.  158 
of  Fort  Bayard,  vi.  383 
of  Glenwood  Springs,  iii.  233 
of  Grasse,  iv.  413 
of  Glion,  V.  859 
of  Guernsey,  iv.  436 
of  Halifax,  vi.  301 
of  Hastings,  iv.  539 
of  Hawaii,  iv.  541 
of  Hyferes,  iv.  793 
of  Indianapolis,  iv.  855 
of  Isle  of  Wight,  viii.  319 
of  Jacksonville,  iv.  159 ;  v.  340 
of  Jamaica,  v.  341 
of  Jersey,  iv.  436 
of  Jupiter,  Fla.,  iv.  159 
of  Key  West,  iv.  160 
of  Lakewood,  v.  404 
of  Las  Cruces,  vi.  384 
of  Las  Palmas,  ii.  635 
of  Las  Vegas,  vi.  283 
I  of  Lausanne,  viii.  334 


Climate  of  Les  Avants,  v.  858 
of  Leysin,  Switzerland,v.  .504 
of  Liberty,  N,  Y.,  v.  505 
of  Los  Angeles,  ii.  554 ;  v.  573 
of  Luxor,  iii.  739 
of  Madeira,  v.  670 
of  Manilla,  v.  688 
of  Manitoba  (Winnipeg),  viii.  312 
of  Margate,  England,  vi.  838 
of  Marietta,  Ga.,  v.  693 
of  Martha's  Vineyard,  vi.  99 
of  Melbourne,  viii.  236 
of  Mentone,  v.  745;  viii.  494 
of  Meran,  v.  748 
of  Mexico,  V.  787 
of  Monaco,  v.  854 
of  Monte  Carlo,  v.  854 
of  Monterey,  Cal.,  v.  855 
of  Montreal,  v.  856 
of  Montreux,  v.  857 
of  Mount  Desert  Island,  vi.  3 
of  Nantucket,  vi.  97 
of  Nassau,  vi.  149 
of  Nervi,  viii,  583 
of  New  Mexico,  vi.  281 
of  New  Orleans,  vi.  284 
of  New  York  City,  vi.  287 
of  Newport,  R.  I.,  vi.  349 
of  Newport  News,  vi.  288 
of  Nice,  vi.  288 
of  Norfolk,  Va.,  vi.  348 
of  Nova  Scotia,  vi.  301 
of  Ojai  Valley,  vi.  347       , 
of  Old  Point  Comfort,  vi.  347 
of  Orotana,  ii.  625 
of  Ospedaletti,  vi.  418 
of  Ottawa,  vi.  430 
of  Palm  Beach,  Fla.,  vi.  458 
of  Pasadena,  v.  572 
of  Pau,  vi.  519 

of  Penzance,  England,  vi.  551 
of  Philadelphia,  vi.  609 
of  Philippines,  v.  688 
of  Pinehurst,  N.  C,  vi.  636 
of  Portland,  Me.,  vi.  737 
of  Portland,  Ore.,  vi.  737 
of  Porto  Rico,  vi.  740 
of  Portsmouth,  N.  H.,  vi.  738 
of  Punta  Rasa,  Fla.,  iv.  159 
of  Ramsgate,  England,  vi.  838 
of  Redlands,  Cal.,  vi.  862 
of  Rio  de  Janeiro,  vi.  979 
of  Riverside,   Cal.,  ii.   554;  vi. 

863 
of  Rochester,  vi.  980 
of  Royat-les-bains,  vi.  1001 
of  St.  Augustine,  Fla.,  vii.  4 
of  St.  Leonards,  England,  iv.  539 
of  St.  Louis,  vii.  5 
of  St.  Moritz,  iii.  825 
of  St.  Paul,  vii,  6 
of  Salt  Lake  City,  Utah,  vii.  16 
of  San  Antonio,  vii.  18 
of  San  Diego,  ii.  554 ;  vii.  30 
of  San  Francisco,  vii.  24 
of  San  Juan,  Porto  Rico,  vi.  741 
of  San  Remo,  vii.  25 
of  Santa  Barbara,  ii.  554 ;  vu.  27 
of  Santa  Catalina,  vii.  38 
of  Santa  Fe,  vi.  282 
of  Scilly  Islands,  vi.  551 
of  Silver  City,  vi,  383     _ 
of  Soutliern  California,  n.  5Sd 
of  Southern  Pines,  vi.  636 
of  Summerville,  i.  634;  vn._564 
of  Tampa,  Fla.,  iv.  159;  vu.  636 
of  Taras-Schuls,  vii.  639 
of  Texas,  vii.  729 
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Climate  of  The  Adirondacks,  i.  136 
of  The  Alps,  i.  303 
of  The  Biviera,  vi.  979 
of  Thomasville,  vii.  743 
of  Toronto,  vii.  837 
of  Upper  Engadihe,  iii.  835 
of  Ventnor,  viii.  319 
of  Vevey,  Switzerland,  viii.  333 
of  Vickshurg,  viii.  336 
of  Victoria,  viii.  336 
of  Virginia  Beach,  vi.  349 
of  Washington,  iii.  145 ;  viii.  374 
of  Wiesen,  iii.  353 
of  Winnipeg,  viii.  313 
of  York  Beach,  vi.  739 
of  Yuma,  viii.  337 
physiological,  iii.  144 
plain,  iii.  144 
relative  to  tuberculosis,  iii.  363 ; 

iv.  565 
solar,  iii.  144 
special,  adapted  to  treatment  of 

special  diseases,  iv.  565 
suitable  for  various  diseases,  iv. 

565 
temperate,  iii.  144 
topographical,  iii.  144 
tropical,  iii.  144 
valley,  iii.  144 
Climatic  treatment  of  special  dis- 
eases, iii.  565 
Climatology,  applied,  iii.  146 
classifications  of,  iii.  144 
comparative,  iii.  144 
Climatotherapy,  iii.  147,  565;  v.  73 
Climax  Springs,  iii.  148 
Clinodaotyly,  iv.  496 
Clitocybe,  iv.  384 

cyathiformis,  iv.  384 
fragrans,  iv.  384 
illudens,  iv.  384 
laccata,  iv.  384 
Clitopilus,  iv.  384 
orcella,  iv.  384 
prunulus,  iv.  384 
Clitoris,  anatomy  of,  vi.  568:  vii. 
171 
hypertrophy  of,  viii.  163 
Clivus,  tumor  of,  iii.  41 
Cloaca,  persistence  of,  vii.  704 
Cloacae,  vi.  430 

Closets  responsible   for   spread  of 
cholera,  viii.  357 
various  kinds  of,  iv.  763 
Closure  of  the  jaws,  v.  358 
permanent,  v.  359 
spasmodic,  v.  358 
Clot,  active,  in  aneurism,  i.  333 
passive,  in  aneurism,  i.  333 
'Clothing    a     means    of    spreading 
cholera,  viii.  357 
as  a  means  of  infection,  iii.  504 
containing  arsenic,  poisoning  bv 

viii.  348 
disinfection  of,  iii.  497 
hygienic,  prophylactic  in  rhini- 
tis, vi.  Ill 
for  infants,  iv.  860 
for  soldiers,  v.  793 
In  pregnancy,  iv.  344 
proper,    prophylactic  in  indus- 
trial diseases,  vi.  337 
soiled  with  earth,  blood  stains 

on,  ii.  80 
to  render  waterproof,  v.  793 
Cloudy  swelling,  iii.  394 
of  muscle,  vi.  38 
of  neurones,  vi.  363 


Cloudy  swelling   of  placenta,  iii. 

56 
Clove  hitch,  iii.  510 
Clover,  red,  iii.  149 

sweet,  iii.  149 
Cloverdale    Lithia    Springs,   iii. 

149 
Clover-Hewett  gas  and  ether  in- 
haler, iii.  17 
Clover's  ether  inhaler,  iii.  16 

inhaler,  iii.  15,  18 
Cloves,  iii.  149 

oil  of,  iii.  150 
Clubbed  fingers,  iv.  498 
Club  foot,  iv.  316 ;  and  see  Talipes 
Club  hand,  iv.  496 
Coagulability  of  blood,  conditions 

affecting,  i.  335;  iii.  151 
Coagulation,  iii.  150 
by  ferments,  iii.  150 
by  heat,  iii.  150 
of  blood,  iii.  150 

function  of  platelets  in,  ii. 

33 
time  of,  in  certain  diseases, 
ii.  63 
of  milk,  iii.  151 
of  muscle,  iii.  153 
Coagulation  necrosis,  vi.  303 
intercellular,  vi.  303 
intracellular,  vi.  303 
Coagulometer,  Wright's,  ii.  63 
Coal  dust,  effect  of    inhaling,  vi. 

334 
Coal  gas,  ii.  663 

action  of,  on  the  economj^,  ii.  664 
composition  of,  ii.  663 
poisoning  by,  ii.  664 
Coal-tar   colors,    detection  of,   in 

milk,  V.  840 
Coat,  military,  v.  794 
Cobra  bite,  symptoms  of,  vi.  713 
Coca,  iii.  153 

action,  iii.  154 
Bolivian,  iii.  153 
Chiuchi-,  iii.  154 
composition,  iii.  154 
cultivation,  iii.  153 
definition,  iii.  153 
description,  iii.  154 
history,  iii.  153 
Huanuco,  iii.  153 
mania,  iii.  154 
origin,  iii.  153 
paralysis,  iii.  154 
Peruvian,  iii.  153 
plant,  iii.  153 
production,  iii.  153 
Truxillo,  iii.  153 
varieties,  iii.  153,  154 
Yungas,  iii.  153 
Cocaine,  iii.  155 

action  of,  on  the  organism,  iii. 

158 
antesthesia,  iii.  158 

first  introduction  of,  iii.  163 
spinal,  i.  389;  vii.  391 
conti-aiudications  to,  v.  389 
as  anodyne,  i.  363 
as  digestant,  iii.  471 
as  local  antesthetic,  i.  386;  iii. 

158 
as  mydriatic,  vi.  71 
chemical  constitution,  iii.  156 
compared  with  eucaine,  viii.  439 
dose,  iii.  163 

effect  on  body  temperature,  ii. 
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Cocaine  habit,  i.  390 ;  iii.  163 ;  v.  85 
hypodermatic  use  of,  iv.  830 
poisoning  by,  i.  389 ;  iii.  ICO 
practical  uses  of,  iii.  158 
purity  of,  tests  for,  iii.  156 
Cocainism,  i.  390;  iii.  163;  v.  85 
Cocainization,  spinal,  vii.  391 
Cocci,  see  Bacteria 
Cocci  (cochineal),  iii.  164 
Coccidia,  viii.  649 
Coccidioides  immitis,  viii.  651 
Coccidium  bigeminum,  viii.  651 
hominis,  viii.  651 
oviforme,  viii.  650 
perforans,  viii.  651 
Coccius,  ophthalmoscope  of,  vi.  381 
Cocculus  indicus,  vi.  633 

toxicological,  iii.  163 
Coccus,  i.  680;  iii.  164 
cacti,  iii.  164 
ilecis,  iii.  164 
single,  i.  680 
Coccygeus  muscle,  anomalies  of, 

vi.  63 
Coccygodynia,  iii.  163;  vi.  347 
Coccyx,  vi.  536 

development  of,  vi.  543 
dislocation  of,  iii.  533 
removal  of,  iii.  163 
Cochin  China  diarrhoea,  vi.  308 
Cochineal,  iii.  164 
Cochlea,  i.  630 

cupola  of,  i.  633 
membranous,  i.  621,  623 
Cochlear  nerve,  i.  631 

ramus,  i.  633 
Cochlearia  Armoracia,  iv.  737 
Cocillana,  iii.  164 
Cock's  operation  of  perineal  sec- 
tion, viii.  34 
Cockle,  vi.  701 
corn,  vi.  701 
cow,  vi.  701 
Cocoa,  adulteration  of,  iv.  180 

butter,  ii.  531 
Cocoanut,  oil  of,  iii.  164 
Cocos  nucifera,  iii.  164 
Codeina,  iii.  164 
Codeine,  iii.  164;  vi.  385 
as  a  hypnotic,  iv.  815 
as  an  expectorant,  iv.  53 
hypodermatic  use  of,  iv.  820 
Cod-liver  oil,  iii.  165;  vii.  808 
action,  iii.  165 
administration,  iii.  166 
composition,  iii.  165 
uses,  iii.  165 
Coefficient,  respiratory,  vi.  947 
Coelenterata,  respiration  in,  vi.  944 
Cceliac  axis,  i.  532 

aneurism  of,  i.  326 
Coeliao  ganglia,  vii.  578 
Cceliac  plexus,  vii.  578 
Coelio-hysterectomy,  ii.  544;  and 
see  Cesarean  section 
.  technique  of,  iv.  825 
Coeliolymph,  ii.  345 
Coelom,   comparative    development 
of  the,  iii.  166 
human,  development  of  the,  iii. 

171 
in  young  human  ova,  iii.  173 
obliteration  of  the  extra-embry- 
onic, iii.  187 
Coenogonimus  heterophyes,   vii. 

870 
Coffea  arabica,  ii.  545;  iii.  190 
liberica,  iii.  191 


GENERAL  INDEX. 


Coffee,  iii.  190 

action  and  use  of,  iii.  190 
adulteration  of,  iii.  190;  iv.  180 
amount  allowed  as  rations  for 

soldiers,  v.  799 
as  beverage  for  soldiers,  v.  805 
composition,  iii.  190 
headacbe  from  use  of,  iv.  548 
Soudan,  see  Kola  nuts 
Cohnheim's  areas,  vi.  18 
Cohosh,  black,  iii.  87 

blue,  iii.  191 
Coin- catcher,  vii.  476 
Cola  acuminata,  v.  375 
nut,  see  Kola  nut 
vera.  v.  375 
Colchiceine,  iii.  193 
Colchicene,  iii.  193 
tannate  of,  iii.  193 
to  separate  from  organic  matter, 
iii.  193 
Colchicum,  iii.  191 
action,  iii.  193 
administration,  iii.  193 
autumnale,  iii.  191 
composition,  iii.  193 
corm,  iii.  191 
description,  iii.  191 
poisoning  by,  iii.  193 
seeds,  iii.  193 
uses,  iii.  193 
Cold  as  an  aid  in  the  judgment  of 
direction,  iii.  493 
as  a  liajmostatic,  iv.  478,  636 
as  a  therapeutic  agent  in  ear  dis- 
ease, iii.  651 
death  from  exposure  to,  among 

troops,  ii.  618 
effects  of,  ii.  618 

on  cow's  milk,  v.  833 
on  red  blood  corpuscles,  ii. 
25 
exposure  to,  death  from,  i.  674; 

ii.  618 
in  the  head,  vi.  109 
methods  of  applying,  iii.  193 
sensation  of,  vii.  219 
therapeutics  of,  iii.  193 
Cold  cream,  vi.  1000 
Cold  Sulphur  Spring,  iii.  193 
Colectomy,  iii.  306 
Colem.auville    Mineral    Springs, 

Iii.  196 
Coleoptera,  v.  165 
Colic,  gastric,  vi.  348 

hepatic,  differentiated  from  in- 
testinal, iii.  197 
intestinal,   iii.  196 
diagnosis,  iii.  197 
etiology,  iii.  196 
pathology,  iii.  197 
prognosis,  iii.  197 
symptoms,  iii.  196 
treatment,  iii.  197 
lead,  V.  473 
painter's,  v.  474 
renal,  differentiated  from  intes- 
tinal, iii.  197 
spermatic,  vii.  193 
Colic  root,  i.  170 
Colica  pictonum,  v.  473 
Colitis,  membranous,  iii.  198 

mucous,  iii.  198 
Collargol,  vii.  316 
Collaterals,  ii.  333 
CoUes'  fascia,  iv.  333;  vi.  564 
fractui'e,  iv.  363 
law,  vii.  630 


Climate. 

Compoiiud  cathartic  pills. 


CoUidin,  ptomain,  vi.  788 
Collins'  dynamometer,  iii.  565 
Collis'  operation  for  harelip,  iv.  538 
Collodion,  iii.  298 

blistering,  ii.  653;  iii.  298 

cantharidal,  ii.  652;  iii.  398 

flexible,  iii.  398 

styptic,  iii.  398 
Collodium,  iii.  298 

cantharidatum,  iii.  298 

flexile,  iii.  298 

stypticum,  iii.  208 
Colloid,  iii.  199;  iv.  377,  379 

degeneration,  iii.  395 
of  the  skin,  iii.  200 

milium,  iii.  200 

true,  iii.  199 
Colloidal  silver,  vii.  216 
CoUonema,  vi.  87 
CoUoxylin,  iii.  298 
Coloboma,  iii.  63 

bridge,  v.  317 

extrapapillary,  ii.  64 

macular,  iii.  64 

of  the  choroid,  iii.  68 

of  the  eyelids,  iv.  133 

of  the  iris,  v.  217 

pseudo-,  V.  217 
Colocynth,  iii.  200 

administration,  iii.  301 

as  a  laxative,  v.  470 

as  a  purgative,  vi.  813 

composition,  iii.  301 

description,  iii.  200 

Mogador,  iii.  200 

Spanish,  iii.  300 

Turkish,  iii.  200 
Colocynthidin,  iii.  201 
Colocynthin,  iii.  200,  301 
Colon,  anatomy  of,  i.  14,  184 

ascending,  i.  184 

measurements  of,  viii.  239 

bacillus,  i.  702,  709 

cancer  of,  i.  88;  iii.  204 

congenital  dilatation  of,  viii.  464 

descending,  i.  184 

impaction,  iii.  204 

intussusception,  iii.  303 

invagination,  iii.  303 

operations  upon,  iii.  205 

resection  of,  iii.  206 

sigmoid,  i.  184 

sinuses  of,  iii.  303 

stenosis  of,  iii.  303 

surgery  of,  iii.  301 

transverse,  i.  184 

tumors  of,  i.  38 ;  iii.  304 

ulceration  of,  iii.  301 

volvulus,  iii.  304 

wounds  of,  iii.  301 
Colonial  Springs,  iii.  307 
Colophony,  vii.  913 
Colopoda  cucullus,  viii.  548 
Color  produced  by  poisons,  i.  660 

sensation  of,  viii.  344 
Colorado,  iii.  218 

requirements  for  medical  prac- 
tice in, iv.  48 
Color-blindness,  acquired,  viii.  345 

an  advantage  in  certain  occupa- 
tions, iii.  310 

complete,  viii.  245 

normal,  viii.  345 

red-green,  viii.  345 

test  for,  iii.  313 

yellow-blue,  viii.  345 
Colored  papers  containing  arsenic, 
poisoning  by,  viii.  348 


Colored  sweat,  see  Ghromidrosis 
Color-hearing,  iii.  603 
Color-index,  ii.  61 
Coloring  matter,  see  Pigment 
animal,  iii.  333 

chemical  and  physical  prop- 
erties of,  iii.  334 
classification,  iii.  323 
distribution,  iii.  223 
containing  arsenic,  poisoning  by, 

viii.  346 
in  milk,  detection  of,  v.  840 
Color-perception,  iii.  308 

acuteness   of,   measurement  of, 

vi.  393 
limitations  of,  iii.  308 
normal,  iii.  808 
subnormal,  iii.  309,  213 

railway  and  marine  exami- 
nation, iii.  313 
tests  for,  iii.  310 
Color-sense,  examination  of,  iii.  316, 

tests  for,  iii.  310 
Colostomy,  iii.  305 
iliac,  iii.  305 
indications  for,  iii.  305 
lumbar,  iii.  306 
Colostrum,  ii.  467;  v.  833 
Colotomy,  iii,  305 
Colpocystotomy,  i.  769 
Colporrhaphy,  viii.  159 
Coltsfoot,  iii.  335 
Coltstail,  iv.  158 
Columbian  spirit,  v.  781 
Columbia  Springs,  iii.  335 
Columbic  acid,  iii.  336 
Columbin,  iii.  326 
Columbo,  iii.  326 
Columnse  carnese,  iv.  570 
Columnar  epithelium,  iii.  854 
Coma  carcinomatosum,  auto-intoxi- 
cation, i.  644 
diabetic,    treatment    of    threat- 
ened, iii.  433 
Comanjilla,  iii.  836 
Combustion,  spontaneous,  ii.  533 
Comedo,  iii.  336 

diagnosed  from  milium,  v.  818 
of  eyelids,  iv.  118 
Comenic  acid,  vi.  885 

tests  for,  vi.  891 
Comes  nervi  phrenici  artery,  vii. 

750 
Comfrey,  iii.  327 
Comma  bacillus,  viii.  363 
Commifera,  vi.  85 
myrrha,  vi.  85 
opobalsamum,  vi.  85 
Comminuted  fractures,  iv.  248 
Commissures  of  brain,  ii.  140 

of  forni.x,  ii.  180 
Commitment    of  the  insane    by 

civil  process,  v.  75 
Commonwealth  Mineral  Springs, 

iii.  228 
Commotio  retinae,  iv.  99 
Communicability  of  infectious  dis- 
eases, iv.  871 
Compensation    in    valvular  heart 

disease,  ii.  832;  iv.  608 
Complement,  viii.  534 

deviation  of  the,  viii.  585  _ 
Complexus  muscle,  anomalies  of, 

vi.  60 
Compositse,  iii.  338 
Compound   cathartic    pills  as   a 
purgative,  vi.  813 
composition  of,  iii.  301 


TYl 


Compound  decoction. 
Cord,  spermatic. 
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Compound  decoction  of  mezcreon, 
V.  790 
of  sarsaparilla,  vii.  41 
Compound  dislocations,  iii.  506 
Compound  effervescing'  powder, 

vi.  744 
Compound  extract  of  colocyntli,  iii. 
201 
of  sarsaparilla,  v.  790 
Compound  fluid  extract  of  sarsa- 
parilla, vii.  41 
Compound  fractures,  iv.  248,  251 

treatment,  iv.  256 
Compound  infusion  of  gentian,  iv. 
328 
of  senna,  v.  692;  vii.  117 
Compound  liniment  of  mustard, 

vi.  69 
Compound  liquorice  mixture,  v. 

518;  vi.  387 
Compound  pills,  cathartic,  iii.  201 
of  antimony,  i.  375 
of  rhubarb,  vi.  974 
Compound   powder,   effervescing, 
vi.  744 
of  chinosol,  ii.  835 
of  liquorice,  v.  518 ;  vi.  387 

as  a  laxative,  v.  470 
of  morphine,  v.  864 
of  rhubarb,  vi.  974 

as  a  laxative,  v.  470 
Compound    solution    of   thymol, 

vii.  765 
Compound  spirit  of  ether,  iv.  13 
of  juniper,  v.  299 
of  orange  peel,  vi.  398 
Compound  syrup  of  squill,  vii.  434 
Compound  tincture  of  benzoin,  i. 
746 
of  cardamom,  ii.  687 
of  catechu,  ii.  739 
of  cinchona,  iii.  89 
of  gentian,  iv.  328 
of  lavender,  v.  468 
Compress,  water,  iv.  790 
Compressed  air,  apparatus  for,  i. 
131 
illness  from,  ii.  547 
Compression,  in  disease  of  ioints, 
_    V.  277  . J         ' 

in  disease  of  knee-joint,  v.  286 
of  arteries,  1.  239 
of  brain,  ii.  420 
Compressor  hemisphericum  bul- 

bi  muscle,  vi.  62 
Compressor      narium       muscle, 

anomalies  of,  vi.  43 
Compressor  venas  dorsalis  penis 

muscle,  vi,  62 
Compressors  of  upper  lip  for  con- 
trolling hemorrhage  in  operations 
for  harelip,  iv.  536 
Compsomyia  maoellaria,   v.  153 
154  ' 

Comptonia  peregenia,  iv  148 
Conca,  iii.  228 

Concave  glasses,  use  of,  in  myopia 
vi.  83  ^    1     ' 

Concentrated  food  as  army  ration 

V.  803 
Concentration,  lack  of,  in  insanity 

V.  55  ^' 

Conceptions,  imperative,  V.  48, 131 

in  insanity,  v.  48 
Concretions,  iii.  228;  see  also  Cal- 
culi 

amyloid,  iii.  228 

biliary,  iii.  328 
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Concretions,  cutaneous,  iii.  330 
indigo,  iii.  235 
in  gout,  iii.  330 
intestinal,  iii.  231 
in  the  lachrymal  gland,  v.  895 
phosphatic,  iii.  335 
preputial,  iii.  231 
prostatic,  iii.  231 
salivary,  iii.  233 
skin,  iii.  330 
vesicular,  vii.  191 
Condensation  of  sound  waves,  i. 

611 
Condensed  milk,  iv.  866 ;  v.  829 
Condiments,    amount    allowed    to 

troops  as  rations,  v.  799 
Conductivity  of  muscle,  effect  of 
voltaic  current  upon,  iii.  773 
of  nerve,  effect  of  constant  cur- 
rent upon,  iii.  769 
Condurangin,  ii.  236 
Condurango,  iii.  236 
Condyles  of  humerus,  iii.  732 
Condyloma,  iii.  237 
acuminatum,  iii.  237 
of  external  auditory  canal,  iii. 

676 
of  glans  penis,  iii.  337 
of  prepuce,  iii.  337 
of  urethra,  i.  770 
of  vulva,  viii.  168 
pointed,  iii.  337 

syphilitic,  diagnosed  from  ver- 
ruca acuminata,  viii.  328 
treatment,  iii.  238 
Cone,  ether,  iii.  15 

family,  the,  iii.  238 
Cones  of  the  retina,  iv.  78 
Conessi,  iv.  732 
Conessine,  iv.  733 
Confection,  v.  735 

of  cassia  fistula,  ii.  708 
of  rose,  iv.  733 ;  vi.  1000 
of  senna,  vii.  117;  v.  470 
Confinement,  see  Lahor 
Confusion  as  a  symptom  of  insan- 
ity, V.  45 
in  dementia  precox,  v.  104 
senile,  v.  113;  and  see.  Insanity, 


Congelation  among  troops,  ii.  618 
Congestion,  v.  551 
active,  iii.  130 
arterial,  iii.  130 
cerebral,  ii.  366 
passive,  ii.  368 
venous,  ii.  368 
of  kidneys,  v.  331 
of  liver,  v.  551 
of  lungs,  V.  591 
active,  v.  591 
hypostatic,  v.  591 
mechanical,  v.  591 
of  (Esophagus,  passive,  vi.  388 
of  omentum,  passive,  vi.  358 
of  ovary,  vi.  433 
of  pituitary  gland,  vi.  640 
of  spinal  cord,  vii.  337 
passive,  iii.  131 
venous,  iii.  131 
Congestive  chill,  v.  679 
Congo  sickness,  vii.  343 
Conhydrine,  iii.  339 
Conicine,  iii.  239 
Conidia,  iv.  276 
Coniferse,  iii.  288 

poisonous  plants  of,  vi.  695 
Coniine,  iii.  239 


Conium,  iii.  338 

action,  iii.  239 

composition,  iii.  339 

fruit,  iii.  338 

maculatum,  iii.  388 

poisoning  by,  vjii.  477 

seed,  iii.  338 

uses,  iii.  339 
Conjugate  points,  iv.  85 
Conjugate  sulphates,  In  urine,  de- 
termination of,  viii.  54 
Conjunctiva,  iv.  64 

affections  of  the,  iii.  340 

argyria  of,  iii.  251 

benign  tumors  of,  iv.  108 

burns  of,  iv.  99 

catarrh  of,  iii.  346 

caustic  substances  in,  iii.  350 

chondro-adenoraa  of,  iv.  109 

corneal,  iv.  71 

dermoid  tumors  of,  iv.  108 

eczema  of,  iii.  346 

epitheliomata  of,  iv.  109 

foreign  bodies  in,  iii.  ^50 

fornix  of,  iv.  65 

granuloma  of,  iv.  108 

hyperaemia  of,  iii.  340 

inflammation  of,  see  Gonjuncti- 


injuries  of,  iv.  99 

lipoma  of,  iv.  108 

lymphangiectasia  of,  iv.  109 

malignant  tumors  of  the,  iv.  109 

medication  of  the,  v.  733 

melanocancroids  of,  iv.  109 

osteoma  of,  iv.  109 

papilloma  of,  iv.  108 

pemphigus  of,  vi.  546 

Pinguecula,  iii.  247 

polypus  of,  iv.  108 

pterygium  of,  iii.  347 

sarcoma  of,  iv.  109 

serous  cysts  of,  iv.  108 

syphilitic  affections  of,  vii.  619 

telangiectatic  tumors  of,  iv.  108 

trachoma  of,  iii.  344 

traumatic  lesions  of,  iii.  250 

tumors  of,  iv.  108 

VFOunds  of,  iv.  99 
Conjunctivitis,  iii.  240 
catarrhal,  iii.  240    . 
caused  by  atroplnism,  iii.  250 

by  jequirity,  iii.  245 
croupous,  iii.  243 
diphtheritic,  iii.  343 

as  cause  of  blindness,  Ii.  10 
follicular,  iii.  344 
etiology  of,  iii.  240 
gonorrhoeal,  iii.  341 

as  cause  of  blindness,  ii.  13 
granular,  iii.  344 
lymphatica,  iii.  346 
membranous,  iii.  343 
phlyctenular,  iii.  246 
purulent,  iii.  241 
scrofulous,  iii.  246 
trachomatous,  iii.  344 
vernal,  iii.  346 
Connecticut,  food  adulteration  in. 
iv.  173 
history  of  yellow  fever  in,  viii. 

587 
requirements  for  medical  prac- 
tice in,  iv.  48 
Connective  tissue,  iii.  351 
elastic,  iii.  353 
embryonic,  iii.  251 
flbro-elastic,  iii.  353 
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Connective  tissue,  fibrous,  iii.  353 
hyaline  degeneration  of,  iv.  773 
mucous,  iii.  353 
parasites  in,  vi.  501 
regeneration  of,  vi.  883 
reticular,  iii,  354 
subcutaneous,  viii.  676 
Conorliinus  gerstaeckeri,  v.  163 
protractus,  v.  163 
sanguisugus,  v.  161 
variegatus,  v.  163 
Consanguinity,  iii.  355 

a  cause  of  cretinism,  iv.  393 
a  cause  of  deaf-mutism,  iii.  864 
collateral,  iii.  355 
degrees  of,  iii.  355 
direct,  iii.  355 
effect  on  offspring,  iii.  256 
lineal,  iii.  255 
Consciousness,  definition  of,  v.  50 
disturbances  of,  v.  50 
disorders  of,  iii.  259 
physical  basis  of,  v.  50 
relation  of,  to  insanity,  iii.  360 
states  of,  iii.  360 
Consent  of  patient    to  operation, 

viii.  630 
Consomme,  how  to  make,  iii.  454 
Consonants,  articulation  of,  v.  455 
Constant  current,  effect  upon  Irri- 
tability and  conductivity  of  nerves, 
iii.  767,  769 
Constipation,  iii.  363 
causes,  iii.  362 
diarrhoea  masking,  iii.  440 
effects,  iii.  263 
headache  in,  iv.  547 
in  appendicitis,  i.  423 
in  pregnancy,  iv.  346 
symptoms,  iii.  263 
treatment,  iii.  363 
Constitutional  diseases  as  causes 

of  insanity,  v.  33 
Constrictor  isthmi  faucium  mus- 
cle, viii.  107 
Constrictor    pharyngis    inferior 

muscle,  anomalies  of,  vi.  47 
Constrictor    pharyngis    medius 

muscle,  anomalies  of.  vi.  47 
Constrictor  pharyngis    superior 

muscle,  anomalies  of,  vi.  47 
Consultation,  physician  responsible 

for  not  inviting,  v.  683 
Consumption,    iii.    364;    see    also 
Phthisis  and  Tuberculosis 
buffers',  v.  594 

cause  of,  how  developed,  iii.  364 

climatic  conditions  counteracting 

the  development  of,  iii.  365 

relations  of,  iii.  263 

effect  of  atmospheric  change  on, 

i.  150 
etiology,  iii.  364 
miners',  vii.  314 
Consumptives,      Oolorado     as     a 
health  resort  for,  iii.  333 
Engadine  suitable  climate  for, 
iii.  836 
Consumptive's  -weed,  viii.  333 
Contact,  effect    of,   on  differentia- 
tion, iii.  468 
Contagium  animatum,  i.  677 
Continued  malarial  fever,  v.  677 
Continuity,  iv.  649 ;  see  also  Hered- 
ity 
Contract    between    physician   and 
patient,  iv.  140 
implied,  iv.  140 


Compound  decoction. 
Cord,  spermatic. 


Contract,  capacity  to  make,  iii.  138 

with  the  insane,  v.  76 
Contractile    substance,  structure 

of,  iii.  369 
Contractility,  iii.  368 
Contraction,  iii.  368 

muscular,  character  of,  iii.  373 

produced  by  cicatrices,  iii.  87 
Contractures,  "habit,  iv.  538 

occupation,  iv.  538 
Contre-coup,  fracture  of  skull  by, 

iv.  556,  558 
Contrexeville,  viii.  466 
Contributory  negligence,  v.  683 
Contusions,  iii.  373 

diagnosis  of,  iii.  278 

difference  between  ante-mortem 
and  post-mortem,  iii.  373 

e.xtravasations  following,  iii.  378 

of  arm  and  forearm,  i.  457 

of  joints,  V.  393 

of  mamma,  ii.  473 

symptoms  and  course  of,  iii.  378 

treatment  of,  iii.  378 
Conus  arteriosus,  iv.  569 
Convalescence  from  acute  diseases, 

climate  suitable  for,  iv.  565 
Convallamaretin,  v.  518 
Convallamarin,  v.  513 
Convallaretin,  v.  513 
Convallaria,  v.  513 

majalis,  v.  518 

diuretic  action  of,  iii.  545 

poisonous  plant,  vi.  705 
Convallarin,  v.  513 
Convoluted  tubules,  v.  310 

function  of,  vii.  99 
Convolutions    of  brain,    nutrient 

arterioles  of,  ii.  354 
Convolvulacese,  iii.  275 
Convolvulin,  v.  341 ;  vii.  44 
Convolvulus  scammonia,  vii.  44 
Convulsions,    iii.     375;     see    also 
Eclampsia 

classification,  iii.  375 

diagnosis,  iii.  376 

epileptiform,  as  symptom  of  in- 
tracranial tumor,  ii.  437 

essential,  iii.  375 

etiology,  iii.  375 

exciting  causes,  iii.  378 

idiopathic,  iii.  375 

in  children,  iii.  700 

physio-pathology,  iii.  376 

predisposing  causes,  iii.  275 

prognosis,  iii.  277 

relation  to  other  hyperkineses, 
iii.  375 

symptomatic,  iii.  275 

symptoms,  iii.  376 

treatment,  iii.  377 
Convulsives,  poisons,  vi.  691 
Cooking  soda,  vii.  357 
Cooper-Lane    test    for    inosite    in 

urine,  viii.  53 
Cooper's    (Sir  Astley)   apparatus 
for  dislocated  clavicle,  iii.  514 

method    of  reducing  dislocated 
hip,  iii.  535 
of  reducing  dislocated  hu- 
merus, iii.  519 
Cooper's  Well,  iii.  377 
Copaiba,  iii.  377 

action  and  use  of,  iii.  378 

administration,  iii.  378 

allied  drugs,  iii.  378 

as  an  expectorant,  iv.  51 

balsam  of,  iii.  377 


Copaiba,  collection  of,  iii.  377 
composition  of,  iii.  377 
confertiflora,  iii.  377 
coriacea,  iii.  377 
description  of,  iii.  377 
diuretic  action  of,  iii.  547 
eruption     caused     by,     distin- 
guished from  measles,  v.  718 
guyanensis,  iii.  377 
Langsdorfii,  iii.  277 
multijuga,  iii.  277 
oblongifolia,  iii.  277 
officinalis,  iii.  277 
varieties,  iii.  277 
Copaivic  acid,  iii.  278 
Copal,  iii.  378 
Copper,  iii.  378 

absorption  and  elimination  of,  iii. 

379 
acute  poisoning  by,  iii.  379 
carbonate  of,  antidotal  value  of, 

i.  374 
chronic  poisoning  by,  iii.  380 
compounds,    general    medicinal 

properties  of,  iii.  378 
disposition  of,  in  the  body  after 

absorption,  vi.  727 
fatal  quantity  of,  iii.  379 
in  animals,  iii.  380 
in  food,  iii.  280;  iv.  184 
in  plants,  iii.  380 
in  water,  viii.  289 
medicinally  used,  compounds  of, 

iii.  378 
phenosulphate,  iii.  388 
poisoning  by,  iii.  379 ;  iv.  184 
post-mortem  appearances  in, 

iii.  379 
treatment  of,  iii.  380 
salts    of,   reduced    by   cerebro- 
spinal fluid,  ii.  347 
sulphate,  iii.  378 

as  an  emetic,  i.  870 ;  iii.  813 
as  a  germicide,  iv.  333 
sulphocarbolate,  iii.  838 
Copper-hsemol,  v.  230 
Copper  workers,  diseases  of,  vi.  336 
Copperas,  v.  323 
Coprsemia,  an  auto-intoxication,  i. 

643 
Coprinus,  iv.  285 

atramentarius,  iv.  285 
conatus,  iv.  285 
micaceus,  iv.  285 
Coptine,  iv.  398 
Coptis,  iv.  398 
tecta,  iv.  398 
trifolia,  iv.  398 
Copulation,  iii.  280 

accidents  from,  iii.  282 
Copyright,  iii.  282 
Cor  bovinum,  iv.  603 
Coracobrachialis  longus  muscle, 

vi.  51 
Coracobrachialis  muscle,  i.  453 

anomalies  of,  vi.  51 
Coracobrachialis  proprius   mus- 

cl6   vi.  51 
Coracobrachialis     superior     vel 

brevis  muscle,  vi.  51 
Coracocapsularis  muscle,  vi.  51 
Coracoid  process,  fracture  of,  iv. 

259 :  vii.  46 
Coral  bean,  poisonous    plant,    vi. 

270 
Cord,  medullary,  vi.  449 
Cord,  spermatic,  hydrocele  of,  vn. 
187 

7Y3 


Cord,  spermatic. 
Croup. 
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Cord,  spermatic,  structure  of,  iv. 
329 
injuries  to,  vii.  180 
torsion  of,  vii,  180 
Cord,  spinal,  see  Spinal  cord 
Cord,   umbilical,   see    Funis,   and 

Umbilical  cord 
Cordite,  vii.  910 
Cordol,  vii.  878 
Corectopia,  v.  316 
Coriander,  iii.  283 
Coriandrol,  iii.  282 
Coriandrum,  iii.  282 
Coriaria,  iii.  283 

myrtifolia,  iii.  283 
Coridin,  ptomain,  vi.  788 
Coriomyrtin,  iii.  283 
Coriscus  subeoleoptratus,  v.  162 
Cerium,  viii.  674 
Corn,  viii.  466 
Corn   cockle,  poisonous  plant,  vi. 

701 
Corn,  ergot,  viii.  64 
Corn-meal  substitute  for  flour,  in 

soldiers'  rations,  v.  801 
Corn-silk,  iii.  291 
Corn-smut,  viii.  64 
Cornea,  iv.  70 

abscess  of  the,  iii.  283 ;  vi.  100 
blood  supply  of  the,  iv.  72 
burns  of,  iv.  101 
congenital  defects  of,  iii.  289 
conical,  iii.  290 
development  of,  iv.  70 
diseases  of  the,  iii.  283 

as  a  cause  of  blindness,  ii.  10 
epithelioma  of  the,  iii.  291 
fistula  of  the,  iii.  289 
globosa,  iv.  364 
herpes  of  the,  iii.  285 
infiltrations  of  the,  iii.  283 
inflammation  of  the,  iii.  284;  v. 
3 ;  and  see  Keratitis 
pathology  of,  v.  3 
injuries  of,  iv.  100 
lead  stains  of  the,  iii.  289 
malformations  of  the,  iii.  289 
melano-carcinoma  of  the,  iii.  291 
microscopical  anatomy  of  the  iv. 

71 
nerves  of  the,  iv.  72 
opacities  of  the,  iii.  289 
sarcoma  of  the,  iii.  291 
scalds  of,  iv.  101 
staphyloma  of  the,  iii.  283,  290 
syphilitic  afl'ections  of,  vii.  619 
tumors  of  the,  iii.  291;  iv.  110 
ulcers  of  the,  iii.  283,  287,  288 
wounds  of,  iv.  110 
Corneal  cells,  iv.  71 
corpuscles,  iv.  71 
Corneitis,  iii,  284 
Corneliusquelle  (at  Aachen),  i.  1 
Cornet's   cover-glass    forceps,    viii. 

395 
Cornicula    laryngis,  v.   408  {Car- 
tilages of  Siiiitoriiii) 
Cornification,  iii.  291,  395 
Cornin,  iii,  549 
Cornu  cutane^m,  iii.  392 
Cornus,  iii.  549 

floricia,  iii.  549 
Cornutine,  iv.  2 
Coronado  Beach,  ii,  555 
Coronado  Springs,  iii,  293 
Coronary  arteries,  iv,  573 
abnormalities  of,  ii,  95 
aneurism  of,  iv.  580 


Coronary  sinus,  iv.  569,  573 

anomalies  of,  viii.  201,  303 
Coronary  veins,  iv.  573 

abnormalities  of,  viii.  301 
Coroner,  iii.  393 

abolished  in  Massachusetts,  iv. 

43 
expense  of,  in  New  York,  iv.  44 
fees,  iii.  395 
functions,  iii.  293 
inquest,  iii.  394 
Coronilla,  iii.  395 

scorpioides,  iii.  395 
Coronillin,  iii.  395 
Coronoid  process,  fracture  of,  iv. 

363 
Corpora  amylacea,  iii.  338,  295 
of  nervous  system,  iii.  338;  vi. 
263 
Corpora  cavernosa,  iv.  333 

fibrosis  of,  vii.  177 
Corpora  oryzoidea,  iv.  773 
Corpora  quadrigemina,  lesions  of, 
ii.  369 
diagnosis,  ii.  386 
posterior,  influence  of,  on  respi- 
ration, vi.  953 
tumors  of,  ii.  441,  448 
Corpora  striata,  lesions  of  the,  ii. 

369 
Corpulence,  i.  133 
Corpus  Arantii,  iv.  571 
Corpus  callosum,  ii.  183 
Corpus  luteum,  vii.  152 
Corpus  spongiosum,  iv.  323 
Corpuscles,  blood,  see  Blood  corpus- 
cles 
colostrum,  v.  823 
lymph,  V.  617 
Malpighian,  v.  310 
Pacinian,  iii.  822 

pathology  of,  vi.  456 
tactile,  iii.  822 
terminal,  iii.  832 
vitreous,  viii.  365 
Corpuscula  oryzoidea,  vi.  975 
Correlation,  iv.  639 
biparental,  iv.  639 
coefficient  of,  iv.  641 ;  viii.  194 
collateral,  iv.  639 
direct,  iv.  639 
negative,  viii.  194 
of  variations,  viii.  194 
positive,  viii.  194 
table,  viii.  195 
Corrigan's  pulse,  vi.  803,  804 
Corrosive  sublimate,  v.  753;   and 

see  Mercury 
Corrosives,  acids,   burns  from,   ii. 
519 
burns  from,  ii,  520 
poisons,  vi.  691 
Corset-liver,  i,  28 
Corsica  (Ajaccio),  i,  163 
Corsican  moss,  vi,  1, 
Cortex   cerebi,   inhibition   referred 
to,  V,  85 
lesions  of,  cause  of  hcmipleiria, 
iv.  632 
diagnosis  of,  ii.  382 
Cortex  of  hair,  viii.  565 
Corti,  cells  of,  i.  633 
organ  of,  i.  633 
rods  of,  i,  633 
Cortinarius,  iv,  284 
Cortland  Howe  ventilating  stove. 
iv,  759  ^  ' 

Coruco,  V,  156 


Corydalis,  iv.  375 
Coryza,  acute,  vi.  109 
chronic,  vi.  114 

vasomotoria  periodica,  see  Hag 
fever 
Cosaprin,  iii.  396 
Coscinium  fenestratum,  v.  859 
Cosmoline,  vi.  576 
Cosmostigma  racempsum,  i.  565 
Costa  fluctuans,  ii.  806 
Costal  stigma,  Stiller's,  ii.  806 
Costebelle,  iv.  793 
Costocoracoid  membrane,  vii.  207 
Costofascialis  muscle,  vi.  45 
Cotarnine  hydrochloride,  iii.  577; 

vii.  546 
Coto,  iii.  396 

Para,  iii.  396 
Cotoin,  iii.  396 

Cotterell  and  Gibney's  method  of 
strapping   for  sprained  ankle,  v. 
291 
Cotting's  treatment  of  ingrown  toe 

nail,  V.  18 
Cotton,  iii.  396 

absorbent,  iii.  297 

as  dressing,  iii.  555 
gun-,  iii.  298 

soluble,  iii.  398 
plants,  iii.  397 
purified,  iii.  297 
uses  of,  iii.  298 
Cotton-root  bark,  iii.  397 
Cotton-seed  oil,  iii.  397 
Cotton-workers,    diseases    of,    vi. 

334 
Cotylogonimus  heterophves,  vii. 

870 
Couch  grass,  iii.  298 
Cough,  iii.  398 

accidents  attending,  iii.  303 

conditions  giving  rise  to,  iii.  300 

croupy,  iii.  301 

crowing,  iii.  301 

deficient,  iii.  301 

diagnosis  of,  iii.  301 

dry,  iii.  301 

effects  of,  upon  the  viscera,  iii. 

300 
fracture  of  clavicle  due  to,  iii. 

803 
hacking,  iii.  301 
hoarse,  iii.  301 
hysterical,  iii.  301 
in  acute  bronchitis,  ii.  490 
in  chronic  bronchitis,  ii.  495 
mechanism  of,  iii.  299 
metallic,  iii.  301 
moist,  iii.  301 
muffled,  iii.  301 
nervous,  v.  429;  vi.  350 
productive,  iii,  301 
refle.x,  iii,  301 
ringing,  iii.  801 
stridulous,  iii.  301 
suppressed,  iii.  801 
treatment  of,  iii.  303 
varieties  of,  iii.  301 
wheezing,  iii.  301 
whooping-,  viii.  306 
Coumarin,  iii.  338,  353 
Counter     for    Esmarch's    roll-tube 

cultures,  viii.  404 
Counter-irritant,  heat  as,  iv.  634 
Counter-irritants,  iii.  304 
definition  of,  iii.  305 
modus  operandi  of,  iii.  305 
principle  of,  iii.  304 
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Counter-irritants,  purposes  of,  iii. 
305 

varieties  of,  iii.  304 
Counter-irritation,  iii.  304 
Counting  stage  for  enumeration  of 

blood  corpuscles,  ii.  43 
Cousins,  marriage  between,  iii.  257 
Coutoubeas,  iv.  338 
Cover-glass  forceps,  viii.  395 
Cowbane,  poisonous  plant,  vi.  703 
Covr-cockle,    poisonous    plant,    vi. 

701 
Cow-killers,  v.  167 
Cowl,  rotating,  iv.  757 
Cowling's  rule  for  dosage,  iii.  551 
Cowper's  glands,  iii.  305;  iv.  337; 

viii.  15 
Cowperitis  in  gonorrhoea,  iii.  306; 

iv.  401 
Cowpox,  iii.  307;  viii.  112 

cause  of  unwholesome  milli,  v. 
836 

natural    in   the    United    States, 
viii.  112 

nature  of,  iii.  808 
Cows,  feed  and  care  of,  v.  843 

milking  of,  v.  843 

milk  of,  see  Milk 
Coxa  vara,  iii.  a08 ;  v.  271 

bilateral,  iii.  309 

diagnosis,  iii.  309 

differential  diagnosis,  iii.  309 

etiology,  iii.  310 

pathology,  iii.  310 

physical  signs,  iii.  308 

prognosis,  iii.  310 

statistics,  iii.  310 

symptoms,  iii.  308 

treatment,  iii.  311 
Coxalgia,  v.  366 
Coxitis,  V.  366 

senile,  V.  373 
Cox's  fluid,  iv.  710 
Crab-louse,  v.  157 
Crab-orchard  salts,  iii.  311 
Crab-orebard  Springs,  iii.  311 
Crab's  eyes,  iv.  124;  v.  360 
Cracked-pot  sound,  ii.  816 
Crackles,  dry,  vi.  838 

moist,  vi.  838 
Cramp  bark,  viii.  334 
Cramps,  iii.  311 

clinical  history,  iii.  311 

definition  of,  iii.  312 

etiology  of,  iii.  313 

local,  electrotherapeutics  in,  iii. 
760 

pathology,  iii.  313 

treatment,  iii.  313 
Cranesbill,  iv.  328 
Cranial  bones,  disease  of,  cause  of 

headache,  iv.  553 
Cranial   deformities   followed  by 

epilepsy,  iii.  848 
Cranial  injuries,  drowsiness  accom- 
-  panying,  iii.  560 
Cranial  nerves,  iii.  313 

branchiomeric  type  of,  iii.  318  _ 

doctrine  of  nerve  components,  iii. 
313 

eighth,  i,  627 

eleventh,  iii.  318 

fifth,  iii.  323 

first,  vi.  349 

fourth,  iii.  335 

ninth,  iii.  318 

of  Willis,  iv.  833 

oculomotor  type,  iii.  334 


Cord,  spermatic. 
Croup. 


Cranial  nerves,  phylogeny  and  em- 
bryology, iii.  316 

second,  iv.  79 

seventh,  iii.  321 

sixth,  iii.  324 

spinal  type  of,  iii.  318 

table  of  nerve  components,  iii. 
315 

tenth,  iii.  318 

third,  iii.  325 

twelfth,  iii.  318;  iv.  833 
Cranial  plexus,  vii.  575 
Crauiocele,  ii.  333 
Cranio  -  encephalic  topograpliv, 

ii.  401 ;  vii.  239 
Craniofacial  angle,  vii.  229 

axis,  vii.  229 
Craniology-j  vii.  239 
Cranioracbischisis,  vii.  697 
Cranioschisis,  vii.  697 
Craniotomy,  vi.  315 

in  case  of  deformed  pelvis,  vi. 
530 
Cranium,  division  of,  to  study  brain, 
ii.  375 

hydrocephalic,  iv.  778 

section  of,  in  new-born,  iii.  95 
Crayfish,    circulatory    system     in, 

iii.  95 
Cream,  v.  823 

adulteration  of,  iv.  181 

gelatin  in,  detection  of,  v.  840 
Cream  of  tartar,  vi.  744 

adulteration  of,  iv.  181 

whey,  vi.  745 
Creasote,  iii,  337 
Creatin,  i.  68 

in  urine,  viii.  37 
Creatinin,  i.  68 

formation  of,  in  body,  v.  773 

in  urine,  v.  318;  viii.  37 
Creation,  special,  theory  of,  iv.  20 
Crede's  method  of  expressing  the 
placenta,  v.  389 

in  ophthalmia    neonatorum,  iii. 
242 
Cremation,  iii.  356 

apparatus  for,  iii.  361 

economy  of,  iii.  360 

history  of,  iii.  357 

of  garbage,  vi.  878 

process  of,  iii.  360 

societies,  list  of  Italian,  iii.  361 
Crematorium,  iii.  361 
Creoform,  iv.  246 
Creolin,  iii.  327 

as  a  germicide,  iv.  333 
Creosal,  vii.  638 
Creosin,  iii.  327 
Creosote,  iii.  337 

as  a  germicide,  iv.  333 

beech-wood,  iii.  337 

coal-tar,  ii.  655;  iii.  327 

fatal  dose  of,  iii.  328 

magnesia,  v.  673 

phosphate,  vi.  630 

poisoning  by,  iii.  338 

tests  for,  iii.  338 

water,  iii.  338 

wood-tar,  iii.  337 
Crepitant  rfiles,  ii.  819 
Cresalol,  iii.  329 
Cresegol,  iii.  737 
Cresoohin,  iii.  329 
Cresoform,  iv.  246 
Cresol,  iii.  329 

as  a  disinfectant,  i.  687 

as  a  germicide,  iv.  332 


Cresotic  acid,  vii.  9 
Cresotinic  acid,  vii.  9 
Crosotol,  iv.  435 
Cresson  Springs,  iii.  329 
Cresylic  acid,  iii.  329 
Cresyol,  iii.  329 
Creta  prseparata,  ii.  552 
Cretin,  general  features  of,  iv.  393 
Cretinism,  iv.  389 ;  v.  145 ;  vi.  87 

definition  of,  iv,  389 

diagnosis  of,  iv.  393 

differential  diagnosis  of,  iv.  395 

distribution  of,  iv.  390 

endemic  distribution,  iv.  390 

etiology  and  pathogenesis  of,  iv. 
390 

etymology,  iv.  389 

general  features  of,  iv.  393 

historical,  iv.  390 

motor  phenomena  in,  iv.  394 

pathological  anatomy  of,  iv.  394 

predisposing  causes  of,  iv.  393 

psychic  phenomena  in,  iv.  394 

relation  of  water  to,  iv.  391 
to  myxoedema,  iv.  391 
to  thyroid  gland,  iv.  391 

sensory  phenomena  in,  iv.  394 

somatic  features,  iv.  393 

synonyms,  iv.  390 

treatment  of,  iv.  395;  v.  145 
Crew,  ship's,  inspection  of,  at  quar- 
antine, vi.  833 
Crico-arytenoid  articulation,  an- 
kylosis of,  V.  418 

arthritis  of,  v.  418 
Crico-arytenoid  muscle,  lateral,  v. 
409 

posterior,  v.  409 
Crico-hyoid  muscle,  vi.  45 
Crico-thyroid  membrane,  v.  408 
Crico-thyroid  muscle,  v.  409 
Cricoid  cartilage,  v.  407 
Cries,  nocturnal,  cotaplicating  hip 

disease,  treatment  of,  v.  384 
Crime,  plea  of  insanity  as  defence 

for,  V.  78 
Criminal  abortion,  i.  43;  viii.  619 
Criminal  assauU    -''i.  618 
Crista  acustica,  i.  621 

gain,  ii.  212 

terminalis,  iv.  568 
Critchett's  scoop,  ii.  732 
Crocetin,  vii.  3 
Crocin,  vii.  3 
Crocker  Springs,  iii.  330 
Crockett  Arsenic  Lithia  Springs, 

iii.  330 
Crocus,  vii.  3 

sativus,  vii.  3 
Croft's  operation,  vi.  900 
Crotalin,  vi.  711 
Crotalus,  vi.  709 
Crotin,  iii.  331 

Croton  chloral  hydrate,  ii.  529 
Croton  eleuteria,  ii.  707 
Croton  oil,  iii.  331 

as  a  purgative,  vi.  813 

as  a  pustulant,  iii.  305 

inflammation  produced  by,  v.  6 
Croton  tiglium,  iii.  331 
Croup,  iii.  331 

cold  useful  in,  iii.  194 

diagnosis,  iii.  333 

etiology,  iii.  331 

false,  iii.  331 ;  v.  410 

pathology,  iii,  331 

pseudo-,  "iii.  331 ;  v.  410 

symptoms,  iii.  333 

lib 


Croup. 
Daphne. 
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Croup,  treatment,  iii.  332 
Croupous  necrosis,  vi.  203 
Cruciferse,  iii.  333 
Crum  Mineral  Springs,  iii.  333 
Crura  cerebri,  lesions  in,  cause  of 
hemiplegia,  iv.  633 
diagnosis  of,  ii.  286 
Crural  nerve,  anterior,  vii.  740 
Crurin,  iii.  334 
Crusta  lactea,  iii.  710;  vii.  87 

petrosa,  vii,  649 
Crustaceorubin,  iii.  225 
Cry,  epileptic,  iii.  846 

of  infant,  significance  of,  iii.  334 
Crying',  iii.  384 

physiology  of,  iii.  334 
significance  of,  iii.  334 
Cryoscopy,  viii.  30 
Crjrptoplitlialmus,  vii.  699 
Cryptorchism,  vii.  179,- 709 
Cryptosegia  grandiflora,  i.  565 
Crystal,  mineral,  vi.  745 
Crystalline  lens,  iv.  81 
development  of,  iv.  83 
removal  of,  for  myopia,  vi.  83 
structure  of,  iv.  81 
Crystals,  hsemin,  ii.  74 

in  urine,  viii.  58 
Cuba,  iii.  335 

history  of  yellow  fever  in,  viii. 
584 
Cubeb,  iii.  337 

administration,  iii.  338 
as  a  diuretic,  iii.  547 
camphor,  iii.  338 
oil  of,  iii.  338 
Cubeba,  iii.  337 
Cubebic  acid,  iii.  337 
Cubebin,  iii.  337 
Cubebs,  iii.  337 
Cubic  centimetre,  viii.  299 
Cubic  nitre,  vii.  258 
Cubital  fossa,  iii.  732 
Cuboid,  dislocation  of,  iii.  530 
Cuboidal  epithelium,  iii.  854 
Cucullaris  muscle,  vi.  48 
Cucumber,  iii.  338 
Cucurbita  pepo,  vi.  808 
Cucurbitacese,  iii.  338 

poisonous  plants  of,  vi.  694 
Cuincbo,  iii.  338 
Cuirass,  wire,  v.  378 
Culex,  V.  868 

concolor,  v.  868 

fasciatus,  role  of,  in  etiology  of 

yellow  fever,  viii.  330 
pipiens,  v.  163 
pungens,  v.  163,  868  et  seq. 
r61e  of,   in  etiology  of  yellow 

fever,  viii.  330 
solicitans,  v.  8B8 
Culicidse,  v.  163 

Cultivation  of  bacteria,  methods 
,      of,  viii.  435 
Culture  methods,  viii.  435 

slides,  viii.  387 
Cultures,  pure,  viii.  435 
Culver's  root,  v.  490 

physic,  V.  490 
Cumaric  anhydride,  iii,  338 
Cumarin,  iii.  149,  338 
Cumin,  iii.  338 

aldeliyde,  ii.  795 
oil  of,  iii.  338 
Cuminol,  iii.  838 
Cuminum,  iii.  338 

cyminum,  iii.  338 
Cummin,  iii.  338 


Cuneiform  bones,  dislocation  of,  iii 
530 
osteotomy,  iv.  339 
Cunila  mariana,  v.  379 
origanoides,  iii.  543 
Cup  pessary,  viii.  66 
Cupola  of  cochlea,  i.  633 
Cupping,  ii.  73 
dry,  ii.  78 
glass,  ii.  73 
wet,  ii.  73 
Cuprea  bark,  iii.  92 
Cupressus,  iii.  340 

sempervirens,  iii.  340 
Cupriaseptol,  iii.  338 
Cupric  sulphate  as  a  germicide,  iv. 

333 
Curare,  iii.  388 

action  on  heart,  v.  23 
on  nerves,  v.  333 
effect  on  body  temperature,  ii. 
568,  571 
Curarine,  iii.  339 
Curcuma,  iii.  339 

aromatica,  viii.  337 
longa,  iii.  339 
zedoaria,  viii.  387 
Curcumin,  iii.  389 
Curd,  alum,  i.  307 
Curettage  of  bladder,  i.  788 
Curettes  for  mastoid  operations,  v. 
703 
uterine,  iv.  466 
Currants,  iv.  413 
Currents,  electrotonic,  iii.  773 

strength  of,  iii.  774 
Currier's  conieo-cylindrical  hearing 

tube,  iii,  632 
Curtate  expectation  of  life,  viii 

259 
Curvator  coccygeus  muscle,  vi.  62 
Curvature  of  ocular  surfaces,  iv.  90 
of  spine,  anterior,  v.  571 
lateral,  v.  456 
posterior,  v.  377 
Cuscamidine,  iii.  93 
Cuscamine,  iii.  93 
Cusconidine,  iii.  93 
Cusconine,  iii.  93 
Cushing's  suture,  v.  177 
Cusparia,  i.  357 
Cusparidine,  i.  357 
Cusparine,  i.  357 
Cusso,  v.  376 ;  see  also  Kooaso 
as  an  anthelmintic,  i.  363 
Custard,  caramel,  to  make,  iii.  455 
Custard-apple,  i.  363 
Custom,  dosage  moditied  by,  iii.  551 
Cutaneous  concretions,  iii.  380 
Cutaneous  nerve,  external,  lower 
i.  454 
upper,  i.  454 
internal,  i.  453,  454 
lesser,  i.  454 
Cutch,  ii.  738 
Cuticula,  iii.  854 
of  hair,  viii.  686 

Cuti-reaction  in  tuberculosis,  viii 

407 
Cutis  laxa,  iii.  426 

pendula,  iii.  426;  iv.  15."i 
pensilis,  iii.  426 
propria  or  vera,  viii,  674 
Cuttlefish  bone,  iii.  339 
Cuvier,  persistence  of  left  duct  of, 

vni,_303 
Cyanic    poisons,   experiments   on 
animals,  iv.  781 


Cyanic  poisons,  method  of  action, 

iv.  781 
Cyanides,  iii.  339 
mercury,  iii.  340 
mercury-zinc,  v.  755 
poisoning  by,  iv.  784 
potassium,  iii.  340 

poisoning  by,   post-mortem 
appearances,  i.  663 
silver,  iii.  340;  vii.  316 
Cyanopsia,  viii.  733 
Cyanosis,  drugs  causing,  iii.  422 

of  the  retina,  vi.  953 
Cyclamaretin,  iii.  340 
Cyclamen,  iii.  340 
Cyclamin,  iii.  340 
Cyclasterion  scarlatinale,  viii.  655 
Cyclitis,  vii.  591 

as  a  cause  of  blindness,  ii.  10 
Cyclocephalus,  vii.  698 
Cyclophyllidea,  ii.  783 
Cyclopia,  iv.  66 
Cyclops,  vi.  211 
Cyclostomus,  vii.  699 
Cyclotus,  vii.  699 
Cydonia  cydonia,  vi.  837 

vulgaris,  vi.  827 
Cydonium,  vi.  827 
Cylindrical    epithelium,    simple, 
iii.  854 
stratified,  iii.  855 
Cylindroma  of  Cowper's  elands,  iii 
307 
of  the  orbit,  iv.  115 
Cymogene,  vi.  971 
Cymol,  iii.  338 
Cymophenol,  ii.  706 
Cynanchecellularis  maligna,  vi.  593 
gangi'senosa,  viii.  489 
parotidea,  vi.  9 

sublingualis  rheumatica,  vi.  593 
Cypress,  iii.  340 
oil  of,  iii.  340 
Cypripedium,  iii.  340 ;  viii.  181 
hirsutum,  iii.  840 
parviflorum,  iii.  340 
pubescens,  iii.  340 
Cyrtometer,  iii.  340 

Fourmantain's,  iii.  341 
Wilson's,  ii.  405;  iii.  340 
Cystadenofibroma,  iii.  341 
Cystadenoma,  iii.  341 

development  of,  iii.  341 
differentiated  from  cyst,  iii  341 

347 
of  peritoneum,  vi.  571 
organs  affected,  iii.  343,  344 
origin  of,  iii.  343 
papillary,  iii.  343 
partim    simplex    partim   papil- 
liferum, iii.  343 
polypoid,  iii.  341 
simplex,  iii.  343 
Cystadenomyxoma,  iii.  341 
Cystamine,  iv.  246;  viii.  60 
Cystic  degeneration  of  the  lach- 
rymal gland,  iv.  116 
Cysticercus  acanthrotias,  ii.  786 
botyroides,  ii.  786 
bo  vis,  ii.  784;  viii.  333 
cellulossE,  ii.  785,  786 ;  viii.  333 
cutis,  iii.  344 
in  muscle,  vi.  83 
in  the  vitreous,  viii.  368 
of  the  heart,  iv.  583 
metastasis  of,  v.  779 
multilocularis,  ii.  786 
racemosus,  ii.  786 
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Cysticercus  siibietinal,  vi.  960 
Cystin  calculi,  iii.  285 

deposit,  iii.  397 

in  urine,  viii.  54,  60 
Cystinuria,  i.  645;  viii,  54 

an  autointoxication,  i.  645 
Cystitis,  i.  772,  793 

acute,  i.  773 

bacteriology  of,  i.  775,  793 

catarrhal,  i.  774 

causes  of,  i.  772,  793 

chronic,  i.  773 

classification,  i.  773 

clinical  history,  i.  794 

diagnosis  of,  i.  776,  795 
anatomical,  i.  773 
bacteriological,  i.  775 
clinical,  i.  773 
pathological,  i.  774 

differentiated  from  pyelitis,  i.  786 

endo-,  i.  774 

exfoliative,  i.  775 

exudative,  i.  774 

follicular,  i.  794 

in  gonorrhoea,  iv.  403 

in  hypertrophy  of  prostate,  vi. 
764 

interstitial,  i.  774 

nodular,  i.  794 

operative  treatment  of,  i.  788 

para-,  i.  773 

pathology  of,  i.  793 

peri-,  i.  773 

prognosis  of,  i.  795 

prophylaxis  of,  i.  787,  795 

suppurative,  i.  774 

treatment,  i.  787,  795 

ulcerative,  i.  774 
Cystitome,  ii.  727,  730 
Cystocaroinoma,  iii.  342 
Cystocele,  i.  767;  viii.  158 

treatment  of,  viii.  159 
■Cystofibroma,  iii.  341 

intracanalicular,  iii.  341 
Cystogen,  iv.  246;  viii.  60 
Cystoid  formations  in  the  choroid, 

iv.  Ill 
Cystoma,  iii.  341 ;  see  also  Cystade- 
nomo,  Cysts 

differentiated  from  cyst,  iii.  347 

multilocular,  iii.  341 

of  auricle,  iii.  666 

of  javvr,  vi.  334 

multilocular,  vi.  334 

of  pharynx,  vi.  602 

ovarian,  vi.  439 

papilliferum,  iii.  341 

proliferum,  iii.  341 
simplex,  iii.  341 
Cystomonas  urinaria,  viii.  646 
Cystomyoma  of  uterus,  vi.  76 
Cystomyxoma,  iii.  341 
Cystosarcoma,  iii.  341 
Cystoscope,  iii.  45 

Albarran's,  iii.  345 

Fenwick-Leiter's,  iii.  345 

for  bilateral  ureteral  catheteriza- 
tion, V.  349 

Nitze's,  iii.  345 

principle  of,  iii.  345 
Cystoscopy,  i.  778 ;  iii.  345 

instruments,  i.  779;  iii.  345 

patient,  posture  of,  i.  782 
preparation  of,  i.  781 

technique,  i.  781 
Cystotomy,  hypogastric,  i.  770 

suprapubic,  vi.  769 
Cyst  tumors  of  jav^,  vi.  334 


Croiip. 
Daphue. 


Cysts,  iii.  347 
air,  iii.  349 
branchial,  ii.  457;    vi.   200;  vii. 

701 ;  and  see  Branchial  cysts 
bronchiectatic,  viii.  406 
butter,  iii.  351 ;  viii.  482 
classification  of,  iii.  348 
congenital,  iii.  349 
contents  of,  iii.  343,  348 
degeneration,  iii.  348 
dentigerous,  v.  249,  255 
dermoid,  iii.  350 

of  bladder,  i.  769;  vii.  191 

of  orbit,  vi.  406 

of  umbilicus,  viii.  6 
diagnosed  from  cystadenoma  and 

from  cystoma,  iii.  347 
diagnosis  of,  iii.  353 
echinococcus,  v.  539 
endothelial,  iii.  349 
folhcular,  iii.  348 

of  bladder,  i.  769;  vii.  191 

of  javir,  vi.  334 
foreign  body,  iii.  349 
gas,  iii.  349 

hydatid,  of  the  liver,  v.  539 
inclusion,  iii.  349 
in  hypernephromata,  iv.  807 
lacteal,  ii.  475 
milk,  iii.  351 
occurrence  of,  iii.  349 
of  Bartholin's  gland,  retention, 

i.  735 
of  Covcper's  gland,  iii.  307 
of  Kobelt,  iii.  351 
of  the  antrum,  v.  348 
of  the  auricle,  iii.  608 
of  the  bladder,  i.  769 ;  vii.  191 
of  the  canal  of  Nuck,  iii.  351 
of  the  chorion,  iii.  60,  63,  349 
of  the  ciliary  body,  iv.  Ill 
of  the  conjunctiva,  iv.  108 
of  the  Fallopian  tubes,  iv.  137 
of  the  floor  of  the  mouth,  see 

Ranula 
of  the  hands  and  fingers,  iv.  501, 

507- 
of  the  heart,  polypoid,  vi.  334 
of  the  iris,  iv.  110 
of  the  jaw,  v.  355 ;  vi.  334 
of  the  kidney,  v.  339 
of  the  knee-joint,  v.  275 
of  the  lachrymal  gland,  v.  395 
of  the  mamma,  ii.  475 
of  the  nose,  vi.  138 
of  the  oesophagus,  dermoid,  vi. 

344 
of  the  omentum,  vi.  360 

dermoid,  vi.  360 
of  the  orbit,  iv.  114;  vi.  405 
of  the  ovary,  i.  137;  vi.  437,  443 
of  the  pancreas,  vi.  469,  475 
of  the  parotid  gland,  vi.  511 
of  the  peritoneum,  vi.  571 
of  the  placenta,  vi.  653 
of  the  prostate,  vi.  770 
of  the  testicle,  vii.  184 
of  the  tongue,  vii.  795,  798 
of  the  thymus  gland,  v.  739 
of  the  umbilicus,  viii.  6 
of  the  urethra,  i.  770 
of  the  uterus,  viii.  98 
of  the  vagina,  viii.  158 
of  the   vulvo-vaginal   gland,  i. 
735 ;  and  see  Bartholin's  gland 
origin  of,  iii.  348 
paranephritic,  v.  330 
parasite,  iii.  349 


Cysts,  parovarian,  iii.  351 ;  vi.  513 
peridental,  vi.  334 
periodontal,  vi.  334 
periosteal,  of  jaw,  vi.  334 
proliferation,  iii.  348 
renal,  v.  361 
retention,  iii.  348 

of  Bartholin's  gland,  i.  735 
retrograde  changes  in,  iii.  348 
salivary,  vi.  511 

sebaceous,  of  external  auditory 
canal,  iii.  667 
of  orbit,  vi.  405 
of  umbilicus,  viii.  6 
serous    and    branchial   differen- 
tiated, ii.  460 
of  conjunctiva,  iv.  108 
of  orbit,  vi.  406 
soap,  iii.  351 ;  viii.  483 
sublingual,  see  Ranula 
subperiosteal,  of  jaw,  vi.  334 
symptoms,  iii.  353 
teratoid,  vii.  730 
thyrolingual,  vi.  200 
treatment  of,  iii.  352 
tubo-ovarian,  iii.  351 
vesicular,  vii.  191 
Cytisus  scoparius,  ii.  498 
Cytology    of    parthenogenesis,    vi. 

514 
Cytolysis,  viii.  538 
Cytoplasm.,  ii.  761 
Cytoreticulum,  ii.  761 
Cytoryctes  variolse,  viii.  641 
Cytotherapy,  vi.  409 
Czaplewsky's  method  of  staining 

tubercle  bacillus,  viii.  437 
Czerny  treatment  of  sinusitis,  iv.  274 
Czerny-Lembert  sutures,  iii.  206 

Dacryoadenalgia,  v.  394 
Dacryoadenitis,  v.  394 
Dacryocystitis,  v.  396 
Dacryolitlis,  v.  395,  396 
Dacryon,  vii.  239 
Dacryops,  v.  395 
Dactylitis,  iv.  503 

syphilitic,  iv.  506 

tuberculous,  iv.  505 
Dactylomegaly,  see  Finger,  hyper- 

tropiiy  vf 
Dactylosis  spontanea,  i.  145 
Dsemia  extensa,  i.  565 
Dahmen,  v.  230 
Daintree's      adjustable     mouth. 

prop,  iii.  13 
Dairy-farms,   management   of,   v. 
843 

sickness  among  employees  of,  v. 
843 
Daisy,  iii.  228 
Dakryops,  iv.  116 
Daland's  haematocrit,  ii.  34,  47,  48 
Daltonism,  iii.  309;  and  see  Color 

perception  and  Vision 
Damaryl,  iii.  353 

subhydrate,  iii.  353 
Damarylic  acid,  iii.  353 
Damiana,  iii.  353 
Dammar  resin,  iii.  3.'i3 
Dammara  alba,  iii.  353 

orientalis,  iii.  353 
Dampness  of  walls,  to  prevent,  iv. 

753 
Dance,  St.  Vitus',  iii.  41 
Dandelion,  iii.  353 
Dandy-fever,  iii.  400 
Daphne  gnidium,  v.  790 


Sapbne. 
Devil's  apple. 
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Daphne  laureola,  v.  790 

mezereum,  v.  790 

Daphnin,  v.  790 

Darier's  disease,  v.  306;  and  see 

Keratosis  follicularis 

Barnel,  vi.  701 

bearded,  poisonotis  pbiDt,  vi.  701 

D'Arsonval's     calorimeters,     ii. 

562,  563,  564 

Darwinian  tubercle,  i.  637 

variations  in,  i.  640 

Datames  striatus,  v.  159 

Date  palm,  iii.  353 

Dates,  iii.  353 

Datura,  vii.  585 

alba,  vii.  535 

stramonium,  vii.  534 

poisonous,  i.  610 

tatula,  vii.  535 

Daturin,  poisoning  by,  i.  610 

Daucus  carota,  ii.  704 

Dauriac's  method  of  treatment  of 

umbilical  hernia,  iv.  680 

Davainea,  ii.  790 

madagascariensis,  ii.  790 

Davidson's  powder  blower,  iii.  653 

Daviel  spoon,  ii.  727 

Davos,  iii.  353 

Davos-Dorfli,  iii.  353 

Davos-Platz,  iii.  353 

Day-blindness,  iv.   627;    and  see 

Nyctalopia 

Day- vision,  iv.  627;  and  see  Heme- 

ralopia 

Dead-burnt,  ii.  552 

Dead,  disposal  of  the,  iii.  355 

by  burial,  iii.  356 

by  cremation,  iii.  356 

by  embalming,  iii.  356 

Dead  fingers,  iv.  531 

Deadly  night  shade,  i.   741 ;  and 

see  Belladonna 

Deaf-mutes,  iii.  361 

acquisition  of  lansuaee,  bv  iii 
366  b     B  ,    1,      . 

auricular  instruction  of,  iii.  368 
classification  of,  iii.  361 
combined  system  of  iustructine, 

iii.  368,  372 
congenital  and  adventitious,  iii 

361 
definition  of,  iii.  361 
education  of,  iii.  367 
higher  education  of,  iii.  370 
home  instruction  of,  iii  370 
instruction  of,  iii.  367 
language  of  signs,  and  the  com- 
bmed   system    of   instructing 
deaf-mutes,  iii.  370 
legal  rights  and  responsibilities 

of,  iii.  367 
manual  alphabets  for,  iii.  368 
method  of  instructing,   iii. 
368 
marriage  of,  iii.  367,  604 
mental  condition  and  character- 
istics of,  iii.  365 
morbidity  of,  iii.  366 
mortality  of,  iii.  367 
number  of,  iii.  362 
occupations  of,  iii.  367 

oral  method  of  instructing,  iii. 
o68 

percentage  of,  from  consanguin- 
eous marriages,  iii.  357 

proportion  of,  iii.  363 

relation  of,  to  consanguineous 
marriages,  iii.  359 


ns 


Deaf-mutes,    religious    work    for 
adult,  iii.  870 
school  age  of,  iii.  370 
schools  for,  iii.  367 
sign  language  of,  iii.  370 
Deaf-mutism,   caused  by  labyrin- 
thitis, iii.  ■603 
correlation  of,  with  blindness,  iii. 

365 
etiology  of,  iii.  363 
extent  of,  iii.  363 
hereditary,  iii.  363 
in  the  offspring  of  consanguin- 
eous marriages,  iii.  357,  364 
quasi-congenital,  iii.  361 
treatment  of,  iii.  606 
Deafness,  iii.  378 

inheritance  of,  iv.  644 
in  insanity,  v.  51 
test  for,  vi.  853 
Dearborn  Spring,  iii.  374 
Death,  apparent,  ii.  534 
causes  of,  i.  666 

statistics  of,  viii.  353 
certificate  of,  ii.  533;  iii.  376 
definition  of,  iii.  379 
determination  of,  ii.  534 
due  to  status  lymphaticus,  vii. 

449,  450 
following  copulation,  iii.  283 
from  anaesthetics,  iii.  9,  23 
from  asphyxia,  i.  574 
from  cold,  ii.  618 
from  electricity,  i.   673;  iii.  751 
from     hanging,     strangulation, 

etc.,  evidences  of,  vii.  535 
modes  of,  iii.  376 
origin  of  (Weissman's  theory), 
iii.  381  ^'' 

physiological  theories  of,  iii.  377 
signs  of,  ii.  535 
signs  of  violent,  i.  672 
sudden  or  violent,  investigation 
of,  by  coroner,  i.  658 ;  iii. 
293 
due  to  status  lymphaticus, 
vii.  450 
utility  of,  to  the  race,  iii.  381 
Death-certification,  iii.  374 
Death-rate,  i.   497;  iii.   495;    viii. 

348 ;  and  see  Mortality 
Deaths,  viii.  248 

Debility,  nervous,  cold  in,  iii   194 
Decalcification,  methods  of  iv  710 
Decapitation  of  foetus,  vi.  316 
Decapsulation  of  kidney,  viii   10 
Decidua,  iii.  383 

changes  in,  at  parturition,  iii.  387 

during  pregnancy,  iii.  388 
circulatory  disturbances  in,  iii. 

388 
in  extra-uterine  pregnancy,  iv. 

inflammation  of,  iii.  389 
new  growths  in,  iii.  392 
pathology  of,  iii.  388 
physiological  changes  in,  iii.  388 
progressive  changes  in,  iii.  389 
reflexa,  iii.  386 

in  extra-uterine  pregnancy 
iv.  58  ^    6         J-. 

retention  of,  iii.  390 

retrograde  changes  in,  iii.  389 

serotina,  iii.  386 

in  extra-uterine  pregnancy 
iv.  58  ^    5        J'. 

subinvolution  of,  iii.  390 
syphilis  of,  iii,  391 


Decidua,  tuberculosis  of,  iii.  391 
vera,  iii.  384 

in  extra-uterine  pregnancy 
iv.  58  ' 

Deciduoma,  iii.  393;  see  also  Glwr- 
ion,  Decidua,  and  Syncytioma 
benignum,  iii.  393 
malignum,  iv.  138;  vii.  595;  viii 
95 
Deciduo-sarcoma,  iii.  393 
Decimetre,  viii.  299 
Deckschicht,  i.  318 
Decoction,  v.  735 

compound,  of  mezereon,  v.  790 

of  sarsaparilla,  vii.  41 
of  comfrey  root,  iii.  338 
of  elecampane,  iii.  743 
of  pareira  brava,  vi.  509 
of  persimmon,  vi.  574 
of  pichi,  vi.  633 
of  white  oak  bark,  vi.  309 
Decomposition  of  cadaver,  ii.  537 

signs  of,  ii.  538 
De  Coninck's  base,  ptomain,  vi. 

788 
Decoration  of  houses,  iv.  753 
Decubitus,  i.  740 
Deeds,  capacity  to  make,  iii.  128 
Deep  Rock  Spring,  iii.  393 
Defecation,  iii.  393 

mechanism  of,  iii.  394 
Defective  children,  percentage  of, 
from    consanguineous    marriages' 
iii.  257  ^    ' 

Defensive  proteids,  iii.  844 
Deformed,  percentages-of,  irom  con- 
sanguineous marriages,  iii.  257 
Deformed  pelves,  vi.  522 
Deformities,  amputation  for,  i.  237 
complicating  hip  disease,  treat- 
ment of,  V.  384 
following  injury  of  the  nose,  vi. 

in  arthritis  deformans,  i.  548 
in  knee-joint  disease,  correction 
of,  V.  287 
prevention  of,  v.  287 
of  abdomen  and   thorax,  deter- 
mined by  cyrtometer,  iii.  340 
of  hand,  acquired,  iv.  508 

occupation,  iv.  509 
of  nasal  cavities,  vi.  133 
of  pharynx,  vi.  600 
requiring  amputation,  i.  337 
Degeneracy,  insanity  of,  y.  138; 

see  Insanity,  degenerative 
Degenerations,  iii.  394 

albuminous,  i.  368;  iii.  394 
of  the  neurone,  vi.  363 
amyloid,  i.  268 

in  blood-vessels,  ii.  96 
in  capillaries,  ii.  93 
in  fat  tissue,  i.  370 
in  kidney,  i.  270 
in  liver,  "i.  269 
in  lymph  glands,  i.  370 
in  mucous  membranes,  i.  370 
in  muscle,  i.  370;  vi.  39 
in  spleen,  i.  270 
of  chorion,  iii.  57 
of  omentum,  vi.  359 
and   deposits,   pathological,  iii. 

394  * 

calcareous,  of  omentum,  vi.  359 
causes  of,  iii.  397 
cholesterine,  iii.  395 
colloid,  iii.  395 

of  the  skin,  iii.  300 
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Degenerations,  cystic,  iii.  348 
of  kidney,  v.  339,  362 
of  lachrymal  gland,  iv.  116 
fatty,  iii.  394;  v.  517 
of  chorion,  iii.  57 
of  liver,  v.  550 
of  muscle,  vi.  28 
of  neurone,  vi.  363 
of  vitreous,  viii.  267 
fibrinoid,  vi.  303 

of  chorion,  iii.  57 
fibroid,  vi.  303 
granular,  iii.  394 

of  muscle,  vi.  38 
hyaline,  iv.  771 

epithelial,  iii.  395 
in  blood-vessels,  ii.  96 
in  capillaries,  ii.  93 
of  chorion,  iii.  57 
of  omentum,  vi.  359 
hydropic,  iii.  394 
of  muscle,  vi.  38 
of  parathyroid  gland,  vi.  507 
of  placenta,  iii.  57 
lardaceous,  i.  368 
mucous,  iii.  395 
myxomatous,  iii.  395 
of  chorion,  iii.  57 
of  lachrymal  gland,  vi.  406 
of  muscle,  vi.  38 
of  neurone,  iv.  262 
of  pituitary  gland,  vi.  640 
of  spinal  cord,  vii.  335 
of  vitreous,  viii.  367 
pigmentary,  iii.  395 

of  neurone,  vi.  363 
pseudomucous,  iii.  395 
pseudomyxomatous,  iii.  395 
reaction  of,  iii.  760 
■waxy,  i.  368 
Wallerian,  viii.  373 
Deglutition,  iii.  397 

abolition  of,  in  dysphagia,  iii.  577 
mechanism  of,  iii.  397 
stages  of,  iii.  397 
Deiters,  spider  cells  of,  ii.  343 
Dekametre,  viii.  399 
Delaware,  requirements  for  medical 
practice  in,  iv.  48 
history  of  yellow  fever  in,  viii. 
587 
Delayed  union  after   fracture,  iv. 

253 
Delezinier's  base,  ptomaln,  vi.  790 
Delhi  sore,  vii.  944 
Delirium,  iii.  398 
acutum,  iii.  398 
cordis,  iv.  599 
in  insanity,  v.   79,  100;  and  see 

Insanity,  confvaional 
senile,  v.   113;  and  see  Insanity, 
senile 
Delirium  tremens,  v.  81 
in  alcoholism,  v.  83 
sine  delirio,  v.  83 
symptoms,  v.  83 
treatment,  v.  84 
Delphinine,  vii.  454 
Delphinium  consolida,  vii.  454 
glaucum,  vi.  708 
poisonous,  vi.  708 
staphysagria,  vii.  454 
Delphinoidine,  vii.  454 
Delphisine,  vii.  454 
Delta-amido  -  n  -  valerianic  acid, 

ptomain,  vi.  788 
Deltoid  muscle,  anomalies  of,  vi.  51 
Delusions,  v.  46 


Delusions  as  symptom  of  inaanitv 
V.  46  ^ 

in  paranoia,  v.  138 
Dementia,  see  Insanity 

acute  primary,  v.  80 

agitated,  v.  79 

as  a  symptom  of  insanity,  v.  45 

paralytica,  v.   86,  105;  and  see 


paretic,  v.  86;  and  see  Paresis 

prsecox,  v.  101 

senile,  v.  Ill 

stuporous,  V.  79 

thrombotic,  v.  95 
Demodex  canis,  i.  430 

folliculorum,  i.  430 
Demodicidise,  i.  430 
Demulcents,  iii.  400 
Dendraxone,  vi.  335 
Dendrites,  ii.  831 ;  vi.  333 

varicose  atrophy  of,  vi.  368 
Dengue  fever,  iii.  400 

complications,  iii.  403 

definition,  iii.  400 

diagnosis,  iii.  401 

differential  diagnosis,  iii.  403 

etiology,  ii.  576;  iii.  401 

history  of,  iii.  400 

in  armies,  ii.  576 

pathology,  iii.  402  " 

prognosis,  iii,  403 

propagation  of,  iii.  401 

prophylaxis,  ii.  577;  iii.  403 

relation   of,  to  malarial  fevers, 
iii.  403 

sequeliE,  iii.  403 

symptoms,  iii.  401 

synonyms,  iii.  400 

treatment,  iii,  403 
Denhart's  mouth  gag,  iii.  13 
Denitrification  by  bacteria,  i.  685 
Denmark,  certification  of  death  in, 
iii.  375 

Pharmacopoeia  in,  vi.  583 
Dental  index,  vii.  231 
Dentalosteoma,  vi.  334 
Dentigerous  cysts,  v.  349 
Dentinoids,  iv.  334 
Dentistry,  cocaine  in,  iii.  160 
Dentition,  disorders  of,  iii.  403 ;  and 
see  Teeth 

formula  of,  iv.  858 
Denver,  iii.  408 
Deodorants,  i.  383;  iii.  411 
Deodorized  opium,  vi.  385 

tincture  of  opium,  vi.  386 
Depilating  powders,  iv,  809 
Deposits,  pathological,  iii.  394;  and 

see  Degenerations 
Depressants,  cardiac,  ii.  687 
Depression,  mental,  as  symiJtom 

of  insanity,  v.  44 
Depressor    anguli    oris   muscle, 

anomalies  of,  vi.  43 
Depressor  nerve  of  Cyon,  iii.  118 
Depressor  thyroidese  muscle,  vi. 

45 
Depressor,  vaginal,  use  of,  iv,  464 
Derbyshire  neck,  iv,  376;  and  see 

Ooitre 
Derma,  viii,  674 

Dermacentor  americanus,  i.  436 
Dermanyssus   gallinaj,  i.  434 

hirundinis,  i,  434 
Dermatalgia,  iii.  413 
Dermatitis  ambustionis,  iii.  416 

blastomycetic,  iii.  41* 

calorica,  iii,  416 


Dapline. 
Devil's  apple. 


Dermatitis  caused  by  plaats  and 
animals,  iii,  434,  425 
congelationis,  iii.  417 
diagnosed  from  eczema,  iii.  715 
epidenu'ca,  iii.  418 
from  Roentgen  rays,  hi.  418 ;  viii. 

667 
herpetiformis,  iii,  419;  iv.  9 
diagnosed  from  eczema,  iii. 

715 
diagnosed    from    erythema 
multiforme,  iv.  9 
malignant  papillary,  iii.  420 
medicamentosa,  iii,  421 
occupation,  iv.  512 
of  hands  and  fingers,  iv.  512 
papillaris  capillitii,  iii.  423 
pustular,  caused  by  quinine,  iii. 

423 
repens,  iii.  433 
scarlatiniformis,  iv.  8 
venenata,  iii.  424 
Dermatobia,  v.  153 
cyaniventris,  v,  153 
noxialis,  v.  153 
Dermatol,  iii.  435 
Dermatology,  cocaine  in,  iii.  160 
Dermatolysis,  iii,  426 
Dermatophilus,  ii.  838 
Dermatoses  due  to  occupations,  vi. 
330 
of  the  hands  and  fingers,  iv.  511 
Dermographism,  viii.  61 
Dermoid  cysts,  iii.  350 

diagnosed  from  branchial  cysts, 

ii.  460 
of  hands  and  fingers,  iv,  501 
of  mediastinum,  v,  730 
of  nasal  cavities,  vi.  133 
of  ovary,  vii.  693 ;  viii.  581 
of  skin,"  vii.  717 
of  testis,  viii,  581 
of  thyroid  gland,  v.  780 
of  Wolffian  body,  viii.  581 
Dermoid  tumors,  vii.  721 
branchial,  vi.  200 
of  conjunctiva,  iv.  108 
of  Fallopian  tubes,  iv.  138 
ovarian,  vi.  439;  vii.  732 
Dermol,  iii.  437 
Desault's  bandage,  i.  730 
Descent,   scheme  of,   Galton's,  iv. 

640 
Des  Chutes  Hot  Springs,  iii.  437 
Desiccation,  effect  of,  on  bacteria, 

i.  685 
Desmoid  tumors,  iii.  437 
Des  Moines,  Iowa,  iii,  437 
Desquamation    following    use    of 

quinine,  iii,  433 
Detachment  of  the  vitreous,  viii. 

367 
Detroit,  iii,  437 
Deuterotoky,  vi,  514 
"Devastation,"    ship,    ventilation 

of  the,  vi,  165 
Development,  arrested,  trephining 
for,  ii,  436 
insanity  from,  v,  145 
in  childhood,  ii,  833  - 
of  new-born,  acquired  anomalies 
in,  vi.  376 
Deventer's  method  of  extracting 

fwtal  head,  vi.  314 
Deviation,  viii,  188 
average,  viii,  191 
probable,  viii,  191 
Devil's  apple,  see  Podophyllum 

779 
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De  Wecker  and  Kasselon's  arc 
keratoscopique,  vi.  395 
astigmometer,  vi.  395 
Se  Wecker's  scissors,  v.  316 
Dextrin,  iii.  428 

urinary,  viii.  43 
Sextro-cardia,  vii.  707 
Dextroform,  i.  268;  iv.  346 
Dextrose,  iii.  438 
in  plasma,  ii.  36 
in  urine,  viii.  38 
Diabetes  insipidus,  vi.   731 ;  and 

see  Polyuria 
Diabetes  mellitus,  iii.  438 
acidosis  in,  viii.  346 
an  auto-intoxication,  i.  646 
cataract  in,  iii.  439 
clinical  course,  iii.  430 
coma  in,  iii.  430 
complications,  iii.  433 
definition,  iii.  438 
diet  in,  iii.  430,  464,  465 
drowsiness  in,  iii.  560 
effect  on  metabolism,  v.  771 
furunculosis  in,  iii.  489 
gangrene  in,  iii.  439 
headache  in,  iv.  548 
jambul  for,  v.  344 
lesions  of  circulatory  apparatus 
in,  iii.  439 
of  nervous  system  in,  iii.  429 
of   respiratory    system    in, 

iii.  439 
of  skin  and   mucous  mem- 
branes in,  iii.  429 
medical  treatment,  iii.  431 
retinitis  in,  vi,  957 
sudden  death  in,  iii.  430 
suprarenal  medication,  vi.  412 
symptoms,  iii.  438 
tests  for  sugar,  iii.  438 
treatment,  iii.  430 
Diabetic  breads,  iii.  431 

coma,  treatment  of  threatened, 

iii.  433 
gangrene,  iii.  439 
neuritis,  iii.  429 
ulcer,  vii.  944 
urine,  i.  66 
Diacetic  acid  in  urine,  viii.  49,  343 

tests  for,  iii,  430 ;  viii.  49 
Diaceturia  an  auto-intoxication,  i 
645 
in  insanity,  v.  40 
Di-acetyl  tannin,  vii.  637 
Diachylon  plaster,  v.  472 
Diagnathus,  vii,  701 
Diagrammatic  eye,  iv.  90 
Dialyzed  iron,  v.  238 
Diameters  of  pelvis,  vi.  540 
Diamin,  iii.  483 
Diamins,  ptomains,  vi.  785 
in  urine,  viii.  33 

an  auto-intoxication,  i,  645 
Diaminuria  an  auto  -  intoxication 

i.  645 
Diapedesis,  iii.  433 
Diapboretic  action  of  heat,  iv  633 
Diaphoretics,  iii.  433 
Diaphragm,  adhesions  of,  to  neigh- 
boring organs,  iii.  435 
anomalies  of,  vi.  61 
atrophy  of,  iii.  437 
clonic  spasm  of,  iii.  436 
defects  of,  vii.  524 
development  of,  iii.  184 
diseases  and  injuries  of,  iii.  434 
displacements  of,  iii.  434 

T80 


Diaphragm,  hernia  of,  iii.  484 ;  vii. 
534 
inflammation  of,  iii.  435 
lymphatics,  v.  641 
malformations  of,  vii.  703 
nervous  affections  of,  iii.  436 
neuralgia  of,  iii.  436 
new  growths  of,  iii.  436 
paralysis  of,  iii.  436 ;  vi.  631 
perforations  of,  iii.  435 
phenomenon,  iii.  434 
rheumatism  of,  iii.  435 
rupture  of,  iii.  434 
spasm  of,  iii.  436 
tonic  spasm  of,  iii.  486 
topograpliy  of,  ii.  813 
.  traumatisms  of,  iii.  484 
tumors  of,  iii.  436 
Diaphragm  of  the  pharynx,  vi. 

600 
Diaphragmatic  hernia,  iv.  683 

plexus,  vii.  578 
Diaphragmitis,  iii.  435 
Diaphtherin,  vi.  455 
Diaphtol,  ii.  834 
Diarrhoea,  iii.  438 

among  troops,  ii.  578 
choleraic,  iii.  33;  viii.  360 

as   a    means   of   spreading 
cholera,  viii.  857 
Cochin  China,  vi.  308 
diagnosis,  iii.  441 
diet  in,  iii.  459 
epidemic,  iii.  439 
etiology  of,  iii.  440 
from  cathartics,  iii.  439 
from  drugs,  iii.  439 
from  food,  iii.  440 
from  indigestion,  iii.  439 
from  ulcer  of  the  rectum,  iii.  440 
in  constipation,  iii.  440 
infantile,  iii.  443 
in  intestinal  catarrh,  iii.  440 
in  intussusception,  iii.  440 
in  pancreatic  disease,  iii.  440 
in  peritonitis,  iii.  440 
in  pregnancy,  iv.  346 
in   pulmonary  consumption,  iii. 

440 
in  renal  disease,  iii.  440 
in  typhoid  fever,  iii.  440 
in  ursemia,  iii.  440 
masking  constipation,  iii.  440 
nervous,  iii.  443 

of  children,  treatment  of,  iii.  443 
of  infants,  iii.  443 
pathological  conditions,  iii.  441 
symptoms,  iii.  438 
treatment,  iii  443 
varieties  of,  iii.  439 
Diarrhcea,    infantile,  iii.  443;  see 
also  Glwlera  infantum 
acute,  iii.  443 

mycotic,  iii.  448 
chronic,  iii.  445 
classification,  iii.  443 
complications,  iii.  445 
definition,  iii.  443 
diagnosis,  iii.  445 
diet  in,  iii.  447 
elimiuative,  iii.  443 
hygiene  of,  iii.  446 
infectious,  iii.  443 
irritative,  iii.  443 
mechanical,  iii.  443 
medicinal  treatment,  iii.  448 
nervous,  iii.  443 
non-infectious,  iii.  443 


Diarrhoea,,  infantile,    pathology, 
iii.  444 
prognosis,  iii.  445 
prophylaxis,  iii.  446 
stimulants  in,  iii.  448 
summer,  iii.  444 
symptoms,  iii.  444 
treatment,  iii.  446 
Diarrhoeal  diseases  among  troops, 

ii.  578 
Diarthroses,  i.  558 
Diastase,  iii.  449 

an  amylolytic  enzyme,  iii.  843 
drugs  arresting  the  action  of,  v. 

684 
in  malt,  v.  683 
Diastase,  taka,  iii.  449 
Diastasis  of  recti  muscles,  iv.  681 
Diastematomyelia,  vii.  697 
Diaster,  ii.  764 

Diastolic  murmurs,  ii.  822;  iv.  604 
Diatela,  ii.  139 

Diathermancy  of  the  air  in  rela- 
tion to  consumption,  iii.  267 
Diathesis,  iii.  449 

hemorrhagic,  iv.  473 
inheritance  of,  iv.  660,  664 
neuropathic,  see  Neurasthenia 
neurotic,  see  Neurasthenia 
Diaxone,  vi.  235 
Dibothriocephalus  cordatus,  ii.  793 

latus,  ii.  780,  793 
Dibothrium  Mansoni,  ii.  793 
Dicheiria,  iv.  493 
Dichloromethane,  v.  783 
Diclytra,  iv.  375 
Dicotophyme  renale,  vi.  330 
Dicrocoelium,  vii.  871 
lanceatum,  vii.  871 
lanceolatum,  vii.  871 
Dicrotic  notch,  vi.  798 

wave,  vi.  798 
Didot's  operation  for  syndactylism, 

iv.  495 
Didymis,  iv.  334 
Dieffenbach's     operation  (cheilo- 

plasty),  vi.  903 
Diencephal,  ii.  165 
Diencephalon,  ii.  165 

development  of,  ii.  379 
Diet,  change  of,  effect  on  longevity, 
V.  568 
during  pregnancy,  iv.  844 
for  the  sick,  iii.  450 
improper,    as   cause  of    disease 

among  troops,  ii.  619 
in  acute  infectious  diseases,  iii. 

461 
in  anaemia,  iii.  460 
in  appendicitis,  iii.  459 
in  asthma,  iii.  461 
in  biliary  calculi,  iii.  459 
in  cancer  of  the  stomach,  iii.  468 
in  circulatory  diseases,  iii.  460 
in  cirrhosis  of  the  liver,  iii.  459 
in  constipation,  iii.  458 
in  diabetes,  iii.  480,  464 
in  diarrhoea,  iii.  459 
in  dilatation  of  the  stomach,  iii. 

458 
in  dysentery,  iii.  454* 
in  dyspepsia,  iii.  457 
in  epilepsy,  iii.  466 
in  exanthemata,  iii.  466 
in  fevers,  iii.  461 
in  gall-stones,  iii.  463 
in  gastritis,  iii.  457 
in  gout,  iii.  463 
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Diet  in  infantile  diarrhoea,  iii.  447 
in  insanity,  v.  74 
in  insomnia,  iii.  466 
in  intestinal  diseases  of  child- 
hood, iii.  459 
in  jaundice,  iii.  459 
in  lithsemia,  iii.  463 
in  nephritis,  iii.  459 
in  nervous  affections,  iii.  466 
in  neurasthenia,  iii.  466 
in  pharyngitis,  iii.  456 
in  pleurisy  with  effusion,  iii.  461 
in  pneumonia,  iii.  461 
in  pulmonary   tuherculosis,  iii. 

461;  V.  604 
in  pyloric  obstruction,  iii.  458 
in  renal  calculi,  iii.  463 
in  rheumatism,  iii.  468 
in  skin  diseases,  iii.  466 
in   stenosis    of    cardiac   end  of 
stomach,  iii.  456 
of  cesophagus,  iii.  456 
in  stomatitis,  iii.  456 
in  tonsillitis,  iii.  456 
in  typhoid  fever,  iii.  463 
in  ulcer  of  the  stomach,  iii.  458 
in  uraemia,  iii.  460 
in  uricacidsemia,  iii.  463 
standards  of,  iii.  464 ;  v.  771 
von  Noorden's  standard,  iii.  464 
Dietary  values  of  foods,  vi.  173 
Dietetics  of  the  sick,  iii.  450 
Diethylamin,  ptomain,  vi.  785 
Diethylene-dlamin,  vi.  638 
Di-ethyl-ketone,  iii.  467 
Diethyl-melonyl-urea,  viii.  331 
Dietl's  crisis,  v.  330 
Dieulafoy's  aspirator,  i.  579 
Differential    air  calorimeter,   n. 

563 
Differentiation,  iii.  467 

factors  affecting,  iii.  468 
Difitaction  grating,  vii.  373 
Diffusion,  i.  50  ..    i.„ 

and  osmotic  pressure,  viu.  417 
of  salts,  viii.  467 
Digallic  acid,  vil.  636 
Digastric    muscle,   anomalies  ot, 

vi.  46 
Digestants,  iii.  469  ,     ,       . 

Digestibility  of  various  foods,  vi. 

175 
Digestion,  iii.  471 

artificial,  of  tissues,  iv.  713 


buccal,  iii.  471 

disorders  of,   see   Stomach,   dis- 
eases of,  and  Enteritis 
disturbances  of,  effect  on  me- 
tabolism, V.  774 
effect  of  mastication  on,  v.  700 

of  papain  on,  vi.  483 
gastric,  iii.  472 
intestinal,  iii.  473  , 
leucocytosis  during,  v.  491 
Digestive  disorders  due  to  occu- 
pation, vi.  320 
in  neurasthenia,  vi.  350 
mercury  in,  v.  756   _ 
Digestive  ferments,  lii.  470 
Digestive  system,  changes  in,  in 
myelogenous  leukaemia,  v.  500 
modifications  of,  in  pregnancy, 

iv.  340  ...     QQQ 

Digestive  tract  in  cretinism,  iv.  39*5 
m  infancy,  iv.  857 
malformations  of,  vu.  70*5 
myomataof,  vi.  76  .. 

syphilitic  affections  of,  vn.  M>i 


Digestives,  vii.  805,  807 

Digital  compression  in  control  of 

liemorrJiage,  i.  339,  536 
Digital  fascia,  contraction  of,  iv. 

533 
Digitalein,  iii.  477 
Digitalin,  iii.  476 

action  of,  on  heart,  v.  28 
effects  of,  on  foetus,  vi.  279 
hypodermatic  use  of,  iv.  821 
Digitalines,  iii.  479 
Digitalis,  iii.  476 
action,  iii.  477 

on  blood  pressure,  ii.  698 
on  circulation,  ii.  697 
on  heart,  ii.  697 
allied  drugs,  ii.  701 
as  a  cardiac  tonic,  ii.  696 
as  a  diuretic,  iii.  548 
composition,  iii.  476 
contraindications,  iii.  478 
description,  iii.  476 
differences    between    strophan- 

thus  and,  vii.  541 
dose,  iii.  478 
habitat,  iii.  476 
indications  for  use,  ii.  701 
preparations  of,  iii.  478 
purpura,  iii.  476 
toxicological,  iii.  478 
use  of,  ii.  701 

in  aneurism,  i.  327 
in  diseases  of  the  heart,  iii. 
477;  iv.  609 
Digitonin,  iii.  477 
Digitoxin,  iii.  477 
Dihydrocollidin,  ptomain,  vi.  789 
Dihydrolutidin,  ptomain,  vi.  789 
Di-hydro-resorcin,  iii.  479 
Di-iodo-beta-naphtol,  iii.  479 
Di-iodo-carbazol,  iii.  479 
Di-iodoform,  iii.  479 
Di-iodo-methyl-salicylate,  vii.  35 
Di-iodo-salicylic  acid,  iii.  479;  v. 

210 
Di-iodo-salol,  iii.  479 
Dilatation  of  cervix  uteri,  viu.  69 
of  gall-bladder,  iv.  395 
of  gall-duct,  iv.  294 
of  heart,  iv.  593 
of  oesophagus,  vi.  345 
congenital,  vi.  388 
of  stomach,  vii.  524 
diet  in,  iii.  458 
of  veins,  viii.  215 ;  and  see  Var- 
ices and  Phlebectasia 
Dilator  naris  muscle,   anomalies 

of,  vi.  43 
Dilator  pupillse,  iv.  76 
Dilators  for  cystoscopy,  i.  779 
Dill,  iii.  479 
fruit,  iii.  479 
seed,  iii.  479 
Diluted  acetic  acid,  i.  65 

hydrobromic  acid,  iv.  777 
hydrochloric  acid,  iv.  780 
hydrocyanic  acid,  iv.  780 
nitrate  of  silver,  vii.  215 
nitrohydrochloric  acid,  vi.  294 
phosphoric  acid,  vi.  620 
solution  of  subacetate  of  lead,  v, 

471 
sulphuric  acid,  vii.  563 
Diluting  fluids  for  blood    count 

ing,  ii.  48 
Di-methyl-acetal,  iii.  479 
Dimethylamin,  ptomain,  vi.  784 
Di-methyl-phosphin,  v.  781 


Dimethyl-pyrocatechin,  viii.  321 
Diminished  respiration,  ii.  817 
Dinitro-cellulose,  iii.  398 
Dioesophagus,  vi.  888 
Dionin,  viii.  467 
Dioptometry,  vi.  394 
objective,  vi,  894 
subjective,  vi.  895 
Dioptrics,  iv.  83 

accommodation,  iv.  93 
refraction,  iv.  83 
Dioptrie,  i.  55 
Diosphenin,  ii.  514 
Diospora  caucasica,  v.  303 
Diospyros,  vi.  574 
Dioxide  of  manganese,  v.  686 
toxicology  of,  V.  687 
of  salphiir,  vii.  563 
Dioxyanthrol,  i.  363 
Dioxynaphthalene,  iii.  479 
Diphallus,  vii.  710 
Diphtheria,  iii.  480 

antitoxin,  i.  389 ;  iii.  489 

production  of,  i.  390,  698 
bacillus  of ,  i.  694,  697;  iii.  480 
in  dissection  and  operation 
wounds,  iii.  531 
bacteriological  diagnosis-  of,  iii. 

487 ;  viii.  441 
bacteriology  of,  i.  694;  iii.  480 
cardiac  paralysis  in,  vi.  491 
caused  by  milk,  v.  837 
characteristic  appearances  of,  iii. 

486 
cold  in,  iii.  194 
complications,  iii.  486 
death  rate  in,  viii.  255 
diagnosis,  iii.  486;  viii.  399 
disposal  of  healthy  members  of 

family  during,  iii.  487 
erythema  in,  iv.  7 
general  treatment,  iii.  488 
history,  iii.  480 
immunity  against,  iii.  482 
in  armies,  ii.  577 

how  to  avoid,  v.  814 
laryngeal,  iii.  488 
local  treatment,  iii.  487  _ 
membrane  formation,  iii.  483 
mixed  infection  in,  iii.  481 
nasal,  vi.  112 
of  tiie  auricle,  iii.  608 
of  the  conjunctiva,  iii.  243 
of  the  oesophagus,  vi.  840 
of  the  vulva,  viii.  161 
paralysis  following,  vi.  489 
pathology  of,  iii.  483 
persistence  of  bacilli  of,  lu.  481 
pharyngeal,  iii.  484 
prognosis,  iii.  487 
prophylaxis,  iii.  487 
relapses,  iii.  486 
serum  therapy  in,  in.  489;  vU. 

133 
susceptibility  to,  iii.  482 
symptoms,  iii.  484,  485 
toxin,  iii.  481 
transmission  of,  iii.  482 
treatment,  iii.  487 
Diphtheritic  conjunctivitis  a  cause 
of  blindness,  ii.  10 
necrosis,  vi.  303 
Diplacanthus,  ii.  7S1 

nanus,  ii.  791 
Diplacousis,  iii.  603 
Diplegia  facialis,  iv.  124 
Diplo-bacillus,  i.  680 
Diplococcus,  i.  680 

Y81 
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Diplococcus  intracellularis  menin- 
gitidis, i.  709 

pneumonise,  i.  707,  709 
Diplogonoporus,  ii.  793 

grandis,  ii.  793 
Diploic    cephallisematomata,   ii. 

764 
Diplopia,  iii.  490 

anomalous  type  of,  iii.  493 

from  strabismus,  vil.  530 

monophtlialmica,  iii.  493 
Diplopoda,  v,  160 
Dippel's  animal  oil,  iii.  493 
Diprosopus,  vii.  684 

diophtlialmus,  vii.  684 

monostomus,  vii.  684 

tetrophtlialmus,  vii.  684 

triophthalmus,  vii.  684 
Dipsomania,  v.  84,  133 

in  epileptic  insanity,  v.  100 
Diptera,  parasitic,  v.  153 

poisonous,  V.  163 
Dipterooarpus,  iv.  456 
Dipygus  parasiticus,  vii.  688,  689 
Dipylidium,  ii.  792 

caniuum,  ii.  793;  vi.  503 
Direct  inguinal  hernia,  iv.  671 
Direct  necrosis,  vi.  201 
Direction,  judgment  of,  iii.  493 
Disaccharides  in  urine,  viii.  43 
Disarticulation    at  the  elbow,    i. 
250 

at  tlie  tip,  i.  364 

at  the  knee,  i.  261 

at  the  wrist,  i.  250 

of  the  fingers,  i.  249 

of  the  shoulder,  i.  253 
Disassociation,  method  of,  iv.  710 
Disc,  a  form  of  medicine,  v.  736 

optic,  iv.  77 

Janvier's  tactile,  viii.  562 
Discission  for  cataract,  ii.  725 

needle,  ii.  725 

of  cervix  uteri,  viii.  69 
Discord,    differentiated    from  har- 
mony, i.  615 
Discursiveness  in  insanity,  v.  44 
Discus  proligerus,  iv.  451 
Disease  and  insanit}',  v.  33,  66,  67 

caused  by  milli,  v.  833 

cause  of  deaf -mutism,  iii.  865 

constitutional,  a  cause  of  insan- 
ity, V.  83 

conveyed  by  milk,  v.  887 

dependent  on  military  service,  ii. 
631 

diagnosed  from  blood  examina- 
tions, ii.  69 

due  to  habitation,  iv.  767 

eosinophilia  in,  v.  493 

fatality  of,  iii.  495 

feigned,  among  troops,  ii.  623 

hand  in,  iv.  533 

heredity  in  relation  to,  iv.  659 

in  armies,  ii.  573 

in  childhood,  ii.  833 

industrial,  vi.  318 

influence  of  climate  on,  iii.  147 

in    relation   to    occupation,   vi. 
318 

registration  of,  see   Vital  statis- 
tics 
Disinfectants,  i.  687;  iii.  495 

as  digestants,  iii.  470 
Disinfecting  apparatus,  formalde- 
hyde, iii.  503 
_  steam,  iii.  499,  501 

fluid,  Ledoyen's,  v.  472 

T82 


Disinfection,  iii.  498 

at  quarantine  stations,  vi.  833 

by  chlorine  gas,  iii.  5 

definition  of,  iii.  496 

of  clothing,  iii.  497,  504 

of  dressings,  iii.  504 

of  excreta,  iii.  497 

of  hands,  vi.  795 

of  patient,  iii.  .504 

of  school-room,  iii.  505 

of  ships,  iii.  498,  505 

of  sick-room,  iii.  497,  504 

of  the  person,  iii.  497 

of  woodwork,  iii.  504 
Dislocatio  erecta,  iii.  519 
Dislocations,  iii.  506 

accidental,  iii.  506 

after-treatment,  iii.  511 

ancient,  iii.  506 

bilateral,  iii.  507 

classification,  iii.  506 

complete,  iii.  506 

complicated,  iii.  506 

compound,  iii.  506 

amputation  in,  i.  336 

congenital,  vi.  377 
of  the  hip,  iv.  693 
of  the  knee,  iv.  698 
of  the  patella,  vi.  518 
of  the  shoulder,  iv.  698 
of  the  wrist,  iv.  513 

consecutive,  iii.  507 

coxo-femoral,  iii.  533 

diagnosis,  iii.  507 

entire,  iii.  507 

etiology,  iii.  507 

incomplete,  iii.  506 

irregular,  iii.  507 

multiple,  iii.  507 

of  tendons,  vii.  665 

of  the  ankle,  iii.  539 

of  the  astragalus,  iii.  539 

of  the  carpus,  iii.  533;  iv.  512 

of  the  clavicle,  iii.  514 

of  the  coccyx,  iii.  533 

of  the  cuboid,  iii.  530 

of  the  cuneiform  bones,  iii.  530 

of  the  elbow,  iii.  531 

of  the  eyeball,  vi.  408 

of  the  femur,  iii.  533 

into  the  ischiatic  notch,  iii. 

536 
into  the  thyroid  foramen,  iii. 

537 
on  the  dorsum  ilii,  iii.  534 
on  the  pubis,  iii.  537 

of  the  fibula,  iii.  629 

of  the  fingers,  iii.  523 

of  the  hip,  iii.  523 

congenital,  iv.  693 
diagnosed  from  coxa  vara, 

iii.  309 
dorsal,  Stimson's  method  of 
reducing,  iii.  511 

of  the  humerus,  iii.  517 

of  the  hyoid  bone,  iii.  513;  iv. 
794 

of  the  knee,  iii.  538 
congenital,  iv.  698 

of  the  larynx,  v.  430 

of  the  maxilla,  iii.  513 

of  the  metacarpal  bones,  iii.  533 ; 
iv.  513 

of  the  metatarsal  bones,  iii.  580 

of  the  nasal  bones,  vi.  123,  396 

of  the  OS  calcis,  iii.  530 

of  the  patella,  iii.  537 ;  v.  374 
congenital,  vi.  518 


Dislocations  of  the  patella,  inter- 
mittent, vi.  518 

of  the  pelvic  bones,  iii.  583 

of  the  penis,  vii.  176 

of  the  phalanges,  iii.  533,  530 

of  the  radius,  iii.  530 

of  the  ribs,  iii.  513 

of  the  scaphoid,  iii.  530 

of  the  semilunar  cartilages,  v. 
374,  388 

of  the  shoulder,  iii.  517 
congenital,  iv.  698 
Stimson's  method  of  reduc- 
ing, iii.  511 
varieties,  iii.  517 
with  fracture,  iii.  530 

of  the  spine,  iii.  513 

of  the  sternum,  iii.  513 

of  the  thumb,  iii.  533;  iv.  513 

of  the  toes,  iii.  530 

of  the  ulna,  iii.  531 

of  the  vertebra,  vii.  393 

of  the  wrist,  iii.  522 
congenital,  iv.  512 
spontaneous,  iv.  513 
traumatic,  iv.  513 

old,  iii.  506 

pathological,  iii.  506 

pathology  of,  iii.  508 

primary,  iii,  507 

primitive,  iii.  507 

prognosis,  iii.  509 

recent,  iii.  506 

recurring,  iii.  507 

regular,  iii.  507 

secondary,  iii.  507 

simple,  iii.  506 

single,  iii.  507 

spontaneous,  iii.  506 

statistics  of,  iii.  507 

subclavicular,  iii.  530 

subcoracoid,  iii.  520 

subglenoid,  iii.  517 

symptoms,  iii.  507 

traumatic,  iii.  5t)6 

treatment,  iii.  509 

unilateral,  iii.  507 

varieties,  iii.  506 
Displacement  of  heart,  iv.  583 

of  ovary,  vi.  433 

of  stomach,  vii.  533 

of  uterus,  viii.  78 
Dissection,  permission  required  for, 

ii.  534 
Dissection    and     operation 
wounds,  iii.  530 

clinical  course,  iii.  537 

diagnosis,  iii.  589 

etiology,  iii.  530 

pathogenesis,  iii.  533 

treatment,  iii.  540 
Disseminated  sclerosis,  viii.  491 
Dissipation,  effect   of,   on   meno- 
pause, ii.  799 
Dissociation,  diffusion,  and  ac- 
tion of  salts,  viii.  467 
Distance,  estimate  of,  viii.  346 
Distillation  of  water,  viii.  385 

on  ships,  vi.  169 
Distilled  spirituous  liquors,  i.  169 
Distoma  Buski,  vii.  867. 

caviiE,  vii.  865 

conjunctum,  vii.  870 

conus,  vii.  869 

crassum,  vii.  867 

endemicum,  vii.  870 

haematobium,  vii.  873 
of  kidney,  v.  844 
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Distoma  hepaticum  in  gall-blad- 
der and  ducts,  iv.  398 

hepatis  endemicum,  vli.  870 
innocuum,  vil.  870 
perniciosum,  vii.  870 

heterophyes,  vii.  870 

japonicum,  vii.  870 

lanceolatum,  vii.  869,  871 

magnum,  vii.  866 

oculi  humani,  vii.  866 

oplitlialmobium,  vii.  866 

pulmonale,  vii.  867 

pulmonis,  vii.  867 

Ratlionisi,  vii.  867 

Ringeri,  vii.  867 

sibiricum,  vii.  869 

ainense,  vii.  869 

spathulatum,  vii.  870 

tenuicolle,  vii.  869 

texanicum,  vii.  866 

Westermanii,  vii.  867 
Distomum,  see  Distoma 
Distortion  in  hip-joint  disease, 
V.  268 

treatment  of,  v.  284 
Distraction   in  treatment  of    hip- 
joint  disease,  v.  277 
of  knee-joint  disease,  v.  385 
DistricMasis,  iv.  130 
District    of    Columbia,    require- 
ments for  medical  practice  in,  iv. 
48 
Disuse,  atrophy  from,  i.  607 
Dita,  iii.  543 
Ditain,  iii.  542 
Ditaine,  iii.  543 
Ditamine,  iii.  542 
Di-thio-calcium    carbonate,    iii. 

543 
Dittany,  iii.  543;  v.  379 

American,  iii.  543 
Dittrich's  plugs,  viii.  408 
Diuresis,  vi.  731 

Diuretic,  infusion  of  digitalis  as,  iii. 
478 

salt,  vi.  744 
Diuretics,  iii.  543 

action  of,  on  kidney,  vii.  100 

direct,  iii.  548 

indirect,  iii.  548 

in  nephritis,  v.  336 

irritant,  iii.  546 

saline,  iii.  544 

stimulant,  iii.  546 
Diuretin,  iii.  548 

as  a  diuretic,  iii.  546 
Diverticula  of  oesophagus,  vi.  346 
Divorces,  viii.  347 

of  insane,  v.  77 
Divulsion  of  cervix  uteri,  viii.  69 

of  urethra,  viii.  24 
Dixie  Springs,  iii.  549 
Dizziness,  sensation  of,  vii.  131 

in  ear  diseases,  iii.  659 
Dochmius  anchylostomum,  vi.  331 

duodenalis,  vi.  221 
Dock,  iii.  549 

yellow,  iii.  549 
Doenboffs  myodynamometer,  iii. 

564 
Doering's  lymph  mill,  viii.  141 
Dog,  hsemolymph  glands  of,  iv.  468 

lymphatic  system  of,  v.  649 
Dogbane,  see  Apoeyanaeem 

poisonous  plant,  vi.  705 
Dog-buttons,  vi.  307 
Dog-flea,  V.  155 
Dog-grass,  iii.  298 
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Dog-nose,  iv.  638 
Dogwood,  flowering,  iii.  549 

Jamaica,  iii.  550 

poisonous  plant,  vi.  697 
Dolomol,  iii.  550 
Dolores,  iii.  550 
Dondos,  i.  165 
Donovan's  solution,  i.  534 
Dorema  ammoniacum,  i.  217 
Dormiol  as  a  hypnotic,  iv.  818 
Dorsalis  pedis  artery,  iv.  197 

anomahes  of,  i.  536 
Dorsalis  penis  artery,  anomalies 

of,  i.  534 
Dorso-epitrochlearis  muscle,  vi. 

48,  53 
Dorsum  ilii,  dislocations  on,  iii.  524 
Dosage,  iii.  550 

by  rectum,  v.  735 

circumstances  necessitating  mod- 
ification of,  iii.  551 

modification  of,  for  children,  iii. 
551 

standard,  iii.  550 
Doses,  divided,  iii.  550 
Double-hand,  iv.  493 
Double-staining,  methods  of,  viii. 

397 
Douches,  iv.  793 

antepartum,  v.  385 

hot,  uses  of,  iv.  634 

nasal,  v.  733 

pail,  iii.  194 

spray,  iii.  194 
Dover's  powder,  v.  313 ;  vi.  387 

diaphoretic  action  of,  iii.  433 
Doxtatter's  Mineral  Well,  iii.  553 
Doyen's  intralaryngeal  tube,  iv. 

145 
Dracuncular  ulcer,  vii.  944 
Dracunculus  loa,  vi.  311 

medinensis,  vi.  310 

oculi,  vi.  311 
Dragendorff 's  method  of  analysis 
for  alkaloids  and   glucosides,  vi. 
733 
Dragon's  blood,  iii.  553 
Drainage,  iii.  554 

in  operations,  i.  569 

materials  for,  i.  569 ;  iii.  554 

methods  of,  iii.  554 

of  joints,  V.  394  • 

purpose  of,  iii.  554 
Drainage,  house,  iv.  763 

defects  in,  iv.  769 
Drainage  tubes,  iii.  555 
Drastic  purgatives,  vi.  813 
Draught,  imperial,  vi.  745 
Drawers  for  soldiers,  v.  795 
Dreamy  state  in  epileptic  insanity, 

V.  99 
Dregea  volubilis,  i.'565 
Dressings,   surgical,    i.    568;    iii. 

552 
Dribbling  of  urine,  viii.  484 
Dried  alum,  i.  307 
Dried  sodium  carbonate,  vii.  257 
Dried  zinc  sulphate,  viii.  339 
Drigalski  and    Conradi's    agar, 

viii.  414 
Drinking-water,  see  'WaUr 

for  soldiers,  v.  804 
Drinks  as  food,  i.  177 

for  the  sick,  iii.  456 
Drip-sheet,  iv.  789 

mode  of  friction,  iv.  789 
Dromograph,  iii.  101 
Drop  finger,  iv.  516 


Dropsy,  vi.  334;  and  see  ^satoand 
(EdeiiiM 
false,  vi.  337 
in  heart  diseases,  treatment  of, 

iv.  610 
of  Tenon's  capsule,  vi.  406 
of  the  brain,  ii.  431 
of  the  joints,  v.  261 

tuberculous,  v.  363 
of  the  pericardium,  iv.  787 
of  the  peritoneum,  i.  568 
renal,  diuretics  in,  iii.  644 
sleeping,  vii.  243 
Drosera,  iii.  559 
Droseraceee,  iii.  559 
Drowning,  resuscitation  from,  i.  560 

signs  of  death  from,  i.  672 
Drowsiness,  iii.  559 
forms  of,  iii.  560 
from  drugs,  iii.  561 
treatment,  iii.  561 
Drug  eruptions,  iii.  431 
Drug  habits,  v.  81 ;  and  see  Cocaine, 

Opium,  Chloral,  etc. 
Drug-inspection,   modern  legisla- 
tion relative  to,  iv.  162 
Drug  intoxication  and  habitua- 
tion, V.  81 
Drugs,  see  Pliarmacopoiia 

action  of,  upon  the  cardio-inhibi- 

tory  mechanism,  v.  23 
adulteration  of,  iv.  177 
history  of,  iv.  163 
cause  of  diarrhcea,  iii.  439 

of  mental  disturbance,  v.  85 
depending    upon    alkaloids  for 

their  activity,  i.  104 
drowsiness  from,  iii.  561 
efEect  of,  on  body  temperature, 
ii.  570 
on  knee-jerk,  v.  366 
eliminated  by  milk,  v.  818 
headache  from  use  of,  iv.  548 
idiosyncrasy  in  regard  to,  iv.  843 
incompatibility  of,  iv.  853 
injuriously  affecting  milk,  v.  835 
tolerance  for,  iv.  842 
Drunkenness,  v.  83 

a  bar  to  enlistment,  vi.  849 

convulsive,  of  Percy,  v.  82 

pathological,  v.  82 

Drupacese,  poisonous  plants,  vi.  707 

Dry-cupping  as  a  counter-imtant, 

iii.  305 
Dry  gangrene,  iv.  305 
Dry  pleurisy,  vi.  663 
Drymis  Winteri,  ii.  646 
Dryobalanops  aromatica,  ii.  131 

camphora,  ii.  131,  623 
Dryopteris,  iv.  148 
filix  mas,  iv.  147 
marginalis,  iv.  147 
Dublin,  N.  H.,  iii.  563 
Duboisia,  iii.  563 

Hopwoodii,  iii.  563 
myoporoides,  iii.  563 
Duboisine,  iii.  563 

as  a  mydriatic,  vi.  70 
Dubreuil's  method  of  amputation 

at  the  wrist,  i.  351 
Duchenne's  dynamometer,  iii.  564 
Duct  of  Bartholin's  gland,  dilatation 
of,  i.  735 
of  Cuvier,  left,  persistence  of, 

viii.  303 
of  mamma,  ii.  467 
of  Santorini,  vi.  460 
of  Wirsung,  vi.  460 
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Duct  of  Wirsung,  anatomical  rela- 
tion of,  vi.  472 
pancreatic,  vi.  460 

accessory,  vi.  460 
thoracic,  v.  645 
Ductus  arteriosus,  viii.  473 

persistence,  vii.  707;  viii.  474 
premature  obliteration,  ii.  94 
coclilearis,  i.  621 
endolymphaticus,  i.  621 
Dudgeon's    sphygmograph,   vii. 

283 
Dudley's  method  of  shortening  the 

round  ligaments,  viii.  84 
Duguetia,  i,  363. 
Dukes's  disease,  viii.  513 
Dulcamara,  i.  763 
Dulcin,  iii.  562 
Duncan  Springs,  iii.  563 
Dunham's   peptone    solution,   viii. 
371 
thermo-regulator,  viii.  384 
Duodenum,   changes  occurring   in 
chyme  in  the,  iii.  83 
histology  of,  v.  184 
measurements  of,  viii.  339 
Duotol,  iv.  424 
Duplex  vagina,  viii.  157 
Duplicities,  vii.  674 

asymmetrical,  vii.  689 
etiology  of,  vii.  676 
parallel,  vii.  685 
parasitic  origin  of,  vii.  693 
symmetrical,  vii.  677 
Dupuytren's  contraction,  iv.  517 
method  of  amputation  at  shoul- 
der, i.  354 
Dura  mater,  ii.  310 

endothelioma  of,  vii.  39 
sinuses  of,  ii.  260 
substitute  for,  ii.  410 
theca  of,  ii.  211 
Dural  arteries,  ii.  249 ;  and  see  Men- 
ingeal arteries 
veins,  ii.  255 
Duration  of  work,   eflEect  of,   on 

health,  vi.  323,  327 
Dust  a  public  nuisance,  vi.  330 
effect  of  inhalation  of,  vi.  324 
in  w-orkshops,  prophylaxis  in  re- 
gard to,  vi.  838 
Dutch  liquid,  iv.  15 
liwarfism,  viii.  474 

distinguished  from  cretinism,  iv. 
395 

essential,  viii.  476 

primary,  viii.  476 

secondary,  viii.  479 

symptomatic,  viii.  479 
Dwarfs,  vii.  673 ;  viii.  475 
Dyer's  green-weed,  iv.  855 
Dyes,  aniline,  viii.  395 

preparation  of  various,  viii.  396 
Dynamite,  vii.  910 
Dynamometer,  iii.  563 
Dyscoria,  v.  217 
Dyscrasia,  iii.  449 
Dysentery,  iii,  565 
amoBba  of,  viii.  688 
amoebic,  iii.  569 

bacteriological  diagnosis  of,  viii 

441 
bacteriology  of,   iii.    569     572 

viii.  441 
catarrhal,  iii.  568 
chronic  amcebic,  iii.  573 
complications,  iii.  573 
diagnosis,  iii.  573 
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Dysentery,  etiology,  iii.  569 
forms  of,  iii.  568 
from  impure  water,  iii.  567 
geographical  distribution  of,  iii, 

566 
history,  iii.  565 
in  armies,  ii.  579 
in  children,  iii.  444 
etiology,  iii.  444 
pathology,  iii.  444 
symptoms,  iii.  445 
individual  predisposition  to,  iii. 

568 
influence  of  other  diseases  on,  iii. 
568 
of  soil  on,  iii.  566 
pathological  anatomy,  iii.   568, 

570,  572 
predisposing  causes,  iii.  566 
prognosis,  iii.  578 
relation  of,  to  tropical  abscess,  v. 

582 
serum  diagnosis  in,  vii.  183 

therapy  in,  vii.  133 
sporadic,  iii.  568 
symptoms,  iii.  569,  571,  572 
treatment,  iii.  574 
tropical,  due  to  amceba  coli,  i. 
333 
Dysidrosis,  vi.  733 
Dysmenorrhoea,  iii.  575 
leucorrhoea  in,  v.  495 
mechanical,  iii.  576 
membranous,  iii.  576 
obstructive,  iii.  576 
treatment,  iii.  576 
Dyspepsia,  vii.  493 
causes,  vii.  493 
diet  in,  iii.  457 

drowsiness  caused  by,  iii.  560 
intestinal,  iii.  458 
nervous,  iii.  457;  vii.  504 
treatment,  vii.  496 
Dysphagia,  iii.  577 
Dyspnoea,  iii.  578 ;  vi.  951 
asthmatic,  i.  586 
cardiac,  iv.  610 
in  dyspepsia,  vii.  495 
in  pulmonary  t\iberculosis,  v.  605 
Dystocia,  due  to  deformed  pelves, 

vi.  534 
• 

Ear,  affections  of,  causing  headache, 
iv.  549 
anatomy  of,  i.  615 

of  auditory  ossicles,  i.  616: 

iii.  584 
of  external  auditory  canal,  i. 

635 
of  tympanic  membrane,  iii. 
581 
angioma  of,  iii.  669 

of  the  auricle,  iii.  608,  666 
anomalies  of  muscles  of,  vi.  43 
artificial  drum  membrane,  iii.  631 
atheroma  of  auricle,  iii.  666 
atresia  of,  i.  603 

auditory  nerve,  affections  of  the. 
iii.  597 
ossicles,  i.  616 
auricle,  affections  of  the,  iii.  606 
benign  growths  of,  iii.  666,  668 
burns  and  scalds  of  the  auricle 

iii.  611 
carcinoma  of,  iii.  669 
cochlea,  i.  631 

cutaneous  diseases  of  the  auricle, 
iii.  606 


Ear,  cystoma  of  auricle,  iii.  666' 
cysts  of  the  auricle,  iii.  608 
diagnosis  of,  iii.  658 
diphtheria  of  the  auricle,  iii.  608 
discharge  from,  iii.  659 
Ear,  Diseases  of,  acute  catarrhal  or 
non-suppurative     inflam- 
mation of  the  middle  ear, 
iii.  588 
suppurative  inflammation  of 
the  middle  ear,  iii.  589 
affections  of  the  auditory  nerve 
iii.  597 
of  the  auricle,  iii.  606 
of  the  Eustachian  tube,  iii 

613 
of     the    external  auditory 
canal,  iii.  613 
alterations  in  the  tympanic  mem- 
brane and  adjacent  bony  walls 
due  to  former  disease,  iii.  621 
artificial  aids  to  defective  hear- 
ing, iii.  630 
chronic  catarrhal  or  non-purulent 
inflammation  of  the'middle 
ear,  iii.  634 
purulent  inflammation  of  the 
middle  ear,  iii.  637 
foreign   bodies  in  the    external 
auditory  canal  and  middle  ear, 
iii.  646 
general  therapeutics,  iii.  649 
intracranial     complications     of 
acute  and  chronic  inflamma- 
tions of  the  middle  ear,  iii.  654 
mastoid  operations,  v.  701 
methods  of  diagnosis,  iii.  658 
new  growths,  iii.  666 
operations   upon  the  tympanic 
membranes  and   ossicles,  iii. 
670 
syphilitic  affections,  iii.  674 
traumatic  affections,  iii.  687 
tuberculosis  of  the  middle,  iii.  690 
Ear,  eczema  of    external  auditory 
canal,  iii.  619 
erysipelas  of  Jie  .fturicle,  iii.  607 
examination  of,  for  purposes  of 

diagnosis,  iii.  658,  663 
externa],  i.  615 

anatomy  and  physiology  of, 

i.  615 
new  growths  of,  iii.  667 
Ear,  external  auditory  canal,  i. 
615 
anatomy  of,  i.  635 
affections  of,  iii.  613 
foreign  bodies  in,  iii.  646 
traumatisms  of,  iii.  688 
Ear,  fibroma  of  auricle,  iii.  666 

fibrous  tissue  growths  of,  iii.  668 
foreign  bodies  in,  iii.  646 
fractures  of  the  temporal  bone. 

iii.  689 
frost-bite  of  the  auricie,  iii.  607 
gangrene  of  the  auricle,  iii.  607 
general  therapeutics  of,  iii.  649 
gunshot  wounds  of,  iii.  689 
haematoma  of,  iii.  687 

of  the  auricle,  iii.  608 
hypertrophies  of  the  auricle,  iii. 

608 
impacted  cerumen,  iii.  614 
Inflammations      of,      catarrhal, 
acute,  iii.  588 
catarrhal,  chronic,  iii.  634 
intracranial      complications 
of,  iii.  654 
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Ear,  inflammations  of,  non-purulent 
iii.  634 
non-suppurative,  iii.  588 
purulent,  iii.  637 
suppurative,  iii.  589 
in  insanity,  v.  51 
Ear,  internal,  i.  615,  619 

anatomy  and  physioloffv  of    i 

619 
escape  of  pus  into,  symptoms  of, 

iii.  602 
malignant  growth  of,  iii.  670 
syphilitic  affections  of  the,  iii 
682 
affections  of  the,  in  child- 
hood and  adolescence,  iii. 
685 
Ear,  labyrinth,  see  Ear,  internal 
laminated  epithelial  plugs  in  ex- 
ternal auditory  canal,  iii.  615 
lobe  of,    site   for   puncture  for 

blood  examination,  ii.  38 
lymphatics  of,  v.  637 
malformations,  congenital,  of  the 
auricle,  iii.  611 
of    the     external    auditory 
canal,  iii.  613 
malignant  growths  of,  iii.  668 
massage   for   affections  of,   iii. 

653 
mastoid  operations,  v.  701 

surgical  anatomy  of,  iii.  694 
medication  of,  iii.  653 ;  v.  733 
methods  of  diagnosis,  iii.  658 
Ear,  middle,  i.  615 

acute  catarrhal  inflammation  of, 
iii.  588 
suppurative     inflammation 
of,  iii.  589 
angioma,  iii.  669 
benign  growths  of,  iii.  668 
carcinoma  of,  iii.  669 
chronic  catarrhal  inflammation, 
iii.  634 
suppuration,  iii.  637 
examination  of,  iii.  663 
fibrous-tissue  growths  of,  iii.  668 
foreign  bodies  in,  iii.  646 
inflammation     of,     intracranial 

complications,  iii.  654 
inflation  of,  iii.  664 
medication  of,  v.  733 
muscles  of,  i.  619 
operations  on,  iii.  671 
papilloma  of,  iii.  668 
pearly  growths  of,  iii.  668 
Politzerization  of,  iii.  664 
purulent  inflammation,  chronic, 
iii.  637 
inflammation,   chronic,  spe- 
cial method  of  exploring 
in,  iii.  640 
sarcoma  of,  iii.  670 
syphilitic  affections  of,  iii.  677 
affections  in  childhood  and 

adolescence,  iii.  685 
catarrhal    inflammation    of, 

iii.  677 
neuralgia  of,  iii.  680 
purulent    inflammation   of, 
iii.  679 
tuberculosis  of,  iii.  690 
Ear,  muscles  of  middle  ear,  i.  619 
anomalies  of,  vi.  42 
nervous  affections  of  the  auricle 

iii.  611 
new  growths  of,  iii.  666 
of  Dionysius,  the,  iii.  633 
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Ear,  operations  upon  the  mastoid,  v 
701 
upon  the  middle  ear,  iii.  671 
upon  the  ossicles,  iii.  670 
upon    the  tympanic   mem- 
brane, iii.  670 
ossicles,  anatomy  of,  i.  '116  •  iii 
584 
dimensions  of,  ii.  587 
movements  of,  i.  617 
operations  upon,  iii.  670 
osteoma    of    external    auditory 

canal,  iii.  667 
papilloma  of,  iii.  668 
of  auricle,  iii.  666 
parasitic  inflammation  of  exter- 
nal auditory  canal,  iii.  615 
pearly  growths  of,  iii.  668 
physiology  of,  i.  615 
Politzerization  of,  iii.  664 
polypi,  iii.  631 
sarcoma  of,  iii.  670 
sebaceous  cysts  of  external  audi- 
tory canal,  iii.  667 
surgical  anatomy  of  the  mastoid, 

iii.  694 
syphilitic  affections  of,  iii.  674, 
677 
affections  of,   in  childhood 
and  adolescence,  iii.  685 
syringing  the,  iii.  642,  651 
traumatic  affections  of,  iii.  687 
tuberculosis  of  middle,  iii.  690 

of  the  auricle,  iii.  610 
tympanic  membrane,  i.  616 
absence  of,  iii.  640 
alterations  in,  due  to  former 

diseases,  iii.  631 
anatomy  of,  iii.  581 
blood-vessels  of,  iii.  584 
destruction  of,  iii.  640 
operations  upon,  iii.  670 
perforation    of,   in   chronic 

purulent  otitis,  iii.  640 
syphilitic  affections  of,  iii. 

677,  685 
traumatism  of,  iii.  688 
ulceration    of    the    auricle,    iii. 
607 
Earache  in  ear  diseases,  iii.  659 
Ear-syringe,  iii.  651 
Ear-trumpet,  iii.  633  • 

Ear-wax,  i.  636 

Earth,  blood  stains  on,  detection  of, 
ii.  80 
dry,  as  a  deodorant,  iii.  411 
Earth-flea,  ii.  828 
Eastman  Springs,  iii.  697 
Eastport,  Maine,  iii.  698 
Eaton  Rapids  Wells,  iii.  698 
Eberth's  bacillus,  i.  700 ;  and  see 

Bacillus  and  Typhoid 
Ebonite,  vi.  1003 
Ebstein's  method  of  treating  obes- 
ity, i.  125 
Ecballium  elaterium,  iii.  730 
Ecbolics,  iii.  698 
Ecboline,  iv.  2 
Ecchymoma,  iii.  373;  vi.  814 
Ecchymoses,  iii.  373 

in  haemophilia,  iv.  473 
of  eyelids,  iv.  123 
Eccoprotics,  v.  468 ;  and  see  Laxa- 


Ecgonine,  iii.  156 
Echinococcus,  ii.  789 ;  viii.  333 
cysts  in  liver,  i.  37 
in  spleen,  i.  32 
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Echinococcus  cysts,    suppurating 
differential  diagnosis,  v.  535 
booklets,  V.  541 
metastasis  of,  v.  779 
multilocular,  ii.  789;  v.  540 
of  the  bile  ducts,  iv.  298 
of  the  heart,  iv.  582 
of  the  kidney,  v.  344,  363 
of  the  liver,  v.  539 
of  the  muscle,  vi.  33 
of  the  nasal  cavities,  vi.  142 
of  the  omentum,  vi.  360 
of  the  parotid  gland,  vi.  511 
of  the  pituitary  gland,  vi.  641 
of  the  thyroid  gland,  iv.  389 
racemosus,  ii.  789 
Echinorhynchus,  vi.  335 
gigas,  vi.  234 
hominis,  vi.  235 
Echitamine,  iii.  542 
Echitenine,  iii.  543 
Eclampsia,  febrile,  iii.  700 

gravidarum,    an    auto-intoxica- 
tion, i.  647 
infantum,  iii.  700;  vii.  449 
an  auto-intoxication,  i.  644 
clinical  occurrence,  iii.  700 
diagnosis,  iii.  704 
etiology,  iii.  703 
pathology,  iii.  705 
prognosis,  iii.  706 
sequelae,  iii.  704 
symptomatology,  iii.  702 
synonyms,  iii.  700 
treatment,  iii.  706 
malarial,  iii.  701 
of  rachitis,  iii.  703 
puerperal,  headache  in,  iv.  547 
reflex,  iii.  701 
relation  of,  to  diseases  of  chorion, 

iii.  63 
symptomatic,  iii.  700 
toxic,  iii.  701 
Eclysis,  ii.  324 
Ecology,  i.  159 
Eophyma  globulus,  iii.  707 
Ecstatic  catalepsy,  ii.  717 
Ecthyma,  iii.  707 

diagnosed    from    impetigo,    iv. 

847 
diagnosis,  iii,  707 
etiology,  iii.  707 
following  use  of  bromine,  iii.  423 
gangrenosum,  iii.  707 
histopathology,  iii.  707 
of  the  auricle,  iii.  606 
prognosis,  iii.  707 
treatment,  iii.  707 
Ectocinerea,  cortex    of   brain,    ii 

139 
Ectoderm,  i.  440;  iii.  708;  iv.  357 
Ectodermal  cysts,  vii.  720 
Ectoparasites,  vi.  500 
Ectopia  of  heart,  vii.  707 

of  ovary,  iv.  683 
Ectopic  pregnancy,  iv.  54 
Ectrodactylism,  iv.  492 
Ectropion,  iv.  120 
Ecuador,  Phannacopceia  in,  vi.  583 
Eczema,  iii.  708 
acute,  iii.  711 

treatment,  iii.  719 
caused  by  drugs,  iii.  433 
chronic,  iii.  711 

treatment,  iii.  720 
diagnosed  from  granuloma  fun- 
goides,  iii.  714 
from  lichen  planus,  v.  506 

Y85 


Eczema. 
Endoaneurlsniorrliapliy. 


GENERAL  INDEX. 


Eczema    diagnosed     from     lichen 
ruber  acuminatus,  v.  508 
from  lichen  scrofulosorum, 

V.  509 
from  lupus  erythematosus, 

V.  611 
from  miliaria,  v.  793 
from  seborrhoea,  vii.  88 
from  sycosis,  vii.  573 
diagnosis,  iii.  713 
differential  diagnosis,  iii.  718 
epizootica,  iv.  733 

cause  of  unwholesome  milk, 
V.  835 
erythematosum,  iii.  709 
etiology,  iii.  711 
fissum,  iii.  710 

of  arm  and  forearm,  i.  455 
general  symptomatology,  iii.  708 
Infantile,  iii.  730 
intertrigo,  iii.  709,  713 
keratonized,  of  palm  and  soles, 

V.  305 
local  treatment,  iii.  718 
madidans,  iii.  709,  710 
marginatum,  iii.  715 
mercurial,  iii.  424 
of  the.  anus,  iii.  735 
of  the  auditory  canal,  iii.  618 
of  the  auricle,  iii.  606,  619,  733 
of  the  beard,  iii.  733 
of  the  conjunctiva,  iii.  346 
of  the  ear,  in  chronic  purulent 

otitis,  iii.  638 
of  the  eyelids,  iii.  724;  iv.  117 
of  the  face,  iii.  733 
of  the  feet,  iii.  736 
of  the  genitals,  iii.  734 

in  diabetes  mellitus,  iii.  439 
of  the  hands,  iii.  736 
of  the  legs,  iii.  725 
of  the  lips,  iii.  734 
of  the  nails,  iii.  737 
of  the  nipple,  ii.  473 
of  the  scalp,  iii.  733 
papulosum,  i.  455;  iii.  709 

of  arm  and  forearm,  i.  455 
parasitic,  iii.  781 
pathological  anatomy,  iii.  711 
pathology,  iii.  711 
prognosis,  iii.  716 
pustulosum,  iii.  710 
rimosum,  iii.  710 
rubrum,  iii.  709,  710 
sclerosum,  iii.  710 
seborrhoicum,  iii.  731 ;  vii.  87 
diagnosed  from  psoriasis  vi 
783 
solare,  iii.  713 
squamosum,  iii.  709,  710 

of  arm  and  forearm,  i  457 
synonyms,  iii.  708 
trade,  iii.  434,  736 
treatment,  iii.  716 
types  of  eruption,  iii.  7ii 
verrucosum,  iii.  710 
vesiculosum,  iii.  709 
Edebohls'  decapsulation  of  the  kid- 
ney, viii.  10 
Education  as  predisposing  to  sui- 
cide, vii.  553 
higher,  of  deaf-mutes,  iii.  370 
influence  of,  on  insanity  v  39 
medical,  iv.  46 
Eel,  vinegar,  vi.  207 
Effervescent  lithium  citrate  v  519 
magnesium  citrate,  v.  673 
potassium  citrate,  vi.  744 


Efldeurage,  v.  694 
Effusion,  pericardial,  vi.  559 
Egg,  see  Ovum 

as  food  for  invalids,  iii.  455 
chemical  composition  of,  iii.  455 
holoblastic,  i.  440 
maturation  of,  vi.  868 
media  for  bacteria,  viii.  377 
meroblastic,  i.  440 
methods  of  preparing,  iii.  455 
poached,  iii.  455 
yolk  of,  iii.  727 
Egg-custard,  iii.  455 
Egg-flip,  iii.  455 
Egg-lemonade,  iii.  455 
Egg-nog,  iii.  455 
Egols,  iii.  737 
Egypt,  iii.  737 

Ehrlich's  copper    bar   method    of 
blood  fixation,  ii.  64 
diazo-reaction,  vii.  920 
eye-piece,  ii.  68 
receptors,  viii.  531 
side-chain  theory,  iv.   845;   vii 

310 
theories  of  immunity,  iv.  845 
theory  of  hsemolytic  processes, 

viii.  530 
triple  stain,  ii.  66 
Eidoptometry,  vi.  392 
Eigon,  iii.  730 
Eimeria,  viii.  650 
bigemina,  viii.  651 
development  of,  viii.  650 
hominis,  viii.  651 
stiedae,  viii.  650 
varieties  of,  viii.  650 
Eka-iodoform,  iii.  730;  iv.  246-  vi 

483 
Elastic  tissue,  Iii.    352;    and    see 

Connective  tissue 
Elastiea,  vi.  1003 
Elaterin,  iii.  730,  731 

as  a  purgative,  vi.  813 
Elaterinum,  iii.  730 
Elaterium,  iii.  731 
German,  iii.  731 
Elbow-joint,  iii.  731 

amputation  at  the,  i.  351 
applied  anatomy  of,  ii.  731   737  ■ 
vi.  917  ' 

bursse,  ii.  534 
chronic  tuberculous  ostitis  of,  v 

376 
configuration,  iii.  731 
deep  fascia,  iii.  734 
disease  of,  v.  376 
extent,  iii.  731 
hysteria  of,  i.  472 
muscles  of,  iii.  734 
resection  of,  vi.  916 

after-treatment,  vi.  920 
history,  vi.  916 
indications,  vi.  916 
methods,  vi.  917 
stiffness  of,  v.  276 
superficial  fascia  and  vessels,  iii. 

Elder,  vii.  18 

poisonous  plant,  vi.  704 
Elecampane,  iii.  742 
Electric  currents,  accidents  from 
111.  744,  754 

action  on  heart,  iii.  749 

amperage,  iii.  743 

conclusions  and  general  consid- 
erations, iii.  748 

death  from,  iii.  745 
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Electric  currents,  destructive  and 
lethal  effects  of  high  pressure 
iii.  743 
experiments  with,  iii.  743 
results   of    experimental   work 
with,  iii.  745 
Electric  shock  as  cause  of  death 
i.  673 
clinical  manifestations  in,  iii.  750 
resuscitation  from,  iii.  753 
spontaneous  recovery  from,  iii 
753 
Electrical  diffusion,  ii.  719 

osmosis,  ii.  719 
Electricity,  atmospheric,  at  health 
resorts,  iv.  564 
death  from,  iii.  751 
effect  of,  on  bacteria,  i.  685 
on  red  blood  corpuscles,  ii 
35 
faradic,  iii.  757 

forms  of,  for  therapeutic  pur- 
poses, iii.  756 
galvanic,  iii.  757 
in  the  treatment  of  amenorrhcea 
i.  314 
of  aneurism,  iii.  767 
of  cramps,  iii.  760 
of  diseases  of  the  brain,  iii 

761 
of  diseases  of  the  peripheral 

nerves,  iii.  759 
of  diseases  of  the  spinal  cord 

iii.  760 
of  diseases  of  the  urinary  or- 
gans, iii.  765 
of  ear  diseases,  iii.  654 
of  functional  neuroses    iii 

763 
of  gout,  iii.  766 
of  headaches,  iii.  762 
of  insanity,  v.  73 
of  intestinal  obstruction  v 

173 
of  nervous  dyspepsia,  iii.  759 
of  neuralgia,  iii.  759 ;  vi.  344 
of  paralysis,  iii.  760 
.of  rheumatism,  iii.  766 
of  tics,  iii.  760 
of  traumatic   neuroses,  iii. 

763 
of  women's  diseases,  iii.  764 
static,  iii.  756 

the  destructive  and  lethal  effects 
of  high-pressure  currents,  iii. 
743 

therapeutic    effects   of   various 
forms  of,  iii.  757 
Electrification  a  factor  in  climate, 

m.  143 
Electrobiology,  i.  648,  756 
Electrocution,  iii.  744 
Electrolysis  for  removal  of  super- 
fluous hairs,  iv.  808 

in  urethral  stricture,  viii.  35 
Electropuncture,  i.  105 
Eloctrotlierapeutics,  iii.  756 

application  in  disease,  iii.  759 

batteries  used  in,  iii.  757 

dosage  of  currents,  iii.  758 

rules  for  applying,  iii.  758 
Electrotonic  currents,  iii.  773 

cause  of  extra-polar,  iii.  779 

theories  of,  iii.  777 
Electrotonus,  iii.  767;  vi  230 
Elemi,  iii.  781 

Manilla,  iii.  781 
Elemic  acid,  iii.  781 
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Elephantiasis,  iii.  781 
Arabum,  iii.  781 ;  v.  666 
congenital,  iii.  783 
diagnosed  from  acromegaly,  i.  95 
endemic,  iii.  781 
etiology,  iii.  784 
Graecorum,  v.  484;  and  see  Lep- 


mollis,  iii.  426 

nsevoid,  iii.  783 

of  the  auricle,  iii.  608 

of  the  hand,  iv.  499 

of  the  vulva,  iii.  783 ;  vlii.  163 

pathology,  iii.  785 

parts  attacked,  iii.  783 

prognosis,  iii.  786 

relation  of,  to  lymphaneiectasis, 
V.  631 

sporadic,  iii.  783 

transmitted   by  mosquitoes,   v. 
870 
Elettaria  repens,  ii.  686 
Elevation    a    means    of    arresting 

hemorrhage,  iv.  635 
Elevator  disease,  v.  594 
Elgin  Springs,  iii.  786 
Eliminatives  in  insanity,  v.  73 
Elisenbrunnen  at  Aachen,  i.  1 
Elixirs,  v.  736 

glusidi,  vii.  1 

of  kola,  V.  376 

of  phosphorus,  vi.  631 

of  vitriol,  vii.  563 
Elm,  American,  iii.  786 

bark,  iii.  786 

European,  iii.  787 

slippery,  iii.  786 
El  Paso  de  Kobles  Hot  and  Cold 

Sulphur  Springs,  iii.  787 
Eisner's  medium,  viii.  410, 578 
Elytritis,  viii.  165 
Emaciation  in  myelogenous  leukae- 
mia, V.  498,  500 
Emailloids,  vi.  334 
Embalming,  iii.  356;  viii.  483 
Embedding  box,  iv.  716 

methods  of,  ii.  333 ;  iv.  717 
Embelia,  iii.  788 

ribes,  iii.  788 
Embelic  acid,  iii.  788 
Embolism,  iii.  133,  788 

air,  iii.  790 ;  viii.  214 

aortic,  iii.  793 

cerebral,  ii.  294;  iii.  791 
symptoms  of,  ii.  396 

cellular,  iii.  790 

coronary,  iii.  793 

crossed,  iii.  133 

direct,  iii.  133,  788 

effects  of,  iii.  790 

fat,  iii.  790 

mesenteric,  iii.  791 

of  central  artery  of  retina,   vi. 
954 

of  spermatic  artery,  iii.  793 

paradoxical,  iii.  133,  789 

pulmonary,  iii.  791 

renal,  iii.  791 

retinal,  iii.  793 

retrograde,  iii.  133,  789 

sequelae,  iii.  790 

splenic,  iii.  791 

symptoms,  iii.  791 
Embolus,  bland,  iii.  789 

infective,  iii.  789 

obturating,  iii.  788 

of  animal  parasites,  iii.  789 

riding,  iii.  788 


Eczema. 
EndoaueurlKniorrhaphr. 


Embolus,  straddling,  iii.  788 

tumor-cell,  iii.  789 
Embryoid  tumors,  vii.  719 
Embryological  methods,  iii.  793 
Embryology,  iii,  793 

evidence  of  evolution  from,  iv.  31 

history  of,  iii.  792 

methods  of,  iii.  793 

witness  of,  to  man's  ancestry,  iv. 
38 
Embryoma,  vii.  719,  909 
Embryonal    tissue  =  granulation 

tissue,  iv.  411 
"Embryonic  remains"  theory  of 

origin  of  carcinoma,  ii.  678 
Embryos,  human,  iii.  794 

at  various  ages,  iii.  795 ;  viii.  450 

growth  of  the,  iv.  416 

pathological,  iii.  797 
Embryotomy,  vi.  315 
Embryotoxon,  iii.  390 
Emergency  boxes,  railway,  vi.  836 
Emergency  rations,  v.  799 
Emetics,  iii.  809 

administration  of,  i.  370 

as  antidotes  to  poisons,  i.  370 

contraindications  to    use   of,   i. 
370;  iii.  813 

direct,  iii.  810 

general  indications  for  the  use 
of,  iii.  813 

indirect,  iii.  810 

in  insanity,  v.  73 

list  of,  i.  370;  iii.  810 

use  of,  in  poisoning,  i.  370;  iii. 
813 
Emetine,  v.  311 
Eminence,  callosal,  ii.  177 

hypothenar,  iv.  483 

thenar,  iv.  483 
Emissarium  mastoideum,  ii.  263 

occipitale,  ii.  363 

parietale,  ii.  263 

post-condyloideum,  ii.  262 

precondyloideum,  ii.  262 

temporale,  ii.  363 
Emissary  veins,  ii.  263 
Emmenagogues,  iii.  698 

direct,  iii.  699 

indications  for  use  of,  iii.  698 

indirect,  iii.  699 

list  of,  iii.  699 

therapeutic  uses  of,  iii.  699 
Emmetropia,  i.  56 

fundus  of  eye  in,  vi.  373 
Emmet's  needle-holder,  viii.  172 

operation  for  repair  of  lacerated 
cervix  uteri,  viii.  71 
for  repair  of  lacerated  peri- 
neum, vi.  313 
Emodin,  ii.  515,  706;  vi.  974 
Emollients,  iii.  813 
Emotionalism,  excessive,  v.  48 
Emotions,  expression  of,  in  child- 
hood, ii.  883 

in  insanity,  v.  48 
Emphysema,   acute   vesicular,  iii. 
816 

cellular,  iii.  816 

compensatory,  iii.  816 

dyspnoea  in,  iii.  580 

Eustachian,  viii.  485 

hypertrophic,  iii.  813 

infective,  iv.  303 

interstitial,  iii.  816 

large-lunged,  iii.  813 

occupation  as  an  etiological  fac- 
tor in,  vi.  818 


Emphysema  of  the    abdomen    v. 
190;  viii  486 

of  the  eyelids,  iv.  118 

of  the  lungs,  iii.  813 
diagnosis,  iii.  815 
etiology,  iii.  814 
morbid  anatomy,  iii,  813 
pathogenesis,  iii.  814 
physical  signs,  iii.  815 
prognosis,  iii.  815 
symptoms,  iii.  815 
treatment,  iii.  815 

of  the  neck,  viii.  485 

of  the  nose,  vi.  295 

of  the  orbit,  vi.  400 

of  the  thorax,  vii.  753;  viii.  485 

subcutaneous,  iii.  816;  viii.  485 

surgical,  iii.  816;  viii.  495 
Emphysematous    gangrene,    Iv. 

803 
Empleurum  serculatum,  ii.  514 
Empretia  stimulea,  v.  167 
Empyema,  vi.  665;  vii.  754 

articuli,  vii.  597 

differential  diagnosis  of,  v.  535 

of  antrum  of  Highmore,  vi.  144 

of  frontal  sinus,  iv.  373 

of  gall-bladder,  iv.  295 

scoliosis  following,  v.  459 

sputum  in,  vii.  433 

treatment  of,  vi.  666 
Ems,  iii.  817 
Emulsin,  iii.  843 
Emulsions,  i.  102;  v.  736 

of  asafoetida,  i.  562 

of  chloroform,  iii.  9 

of  cod-liver  oil,  iii.  166 

of  olibanum,  vi.  355 

pancreatic,  iii.  166 
Enamel  of  the  teeth,  vii.  649 
Enantobiosis,  i.  685 
Enarthrodia,  i.  553 
Encephal  =  cerebrum,  ii.  138 
Encephalitis  a  cause  of  headache, 

iv.  553 
Encephalocele,  ii.  383,  411 

of  the  orbit,  vi.  405 
Encephalome,  ii.  233 
Encephalon,  ii.  138 ;  and  see  Brain 

flexures  of,  ii.  142 
Encephalopathy,  lead,  v.  474 
Enchondroma,    iii.    38;    and    see 
OTwndroma 

definition  of,  iii.  38 

diagnosis  of,  iii.  40 

etiology  of,  iii.  40 

mode  of  growth  of,  iii.  39 

of  ext.  auditorj'  canal,  iii.  668 

of  Fallopian  tubes,  iv.  138 

of  lower  jaw,  v.  285 

of  lung,  V.  606 

of  mamma,  ii.  476 

of  orbit,  iv.  115 

of  parotid  gland,  vi.  510 

of  the  upper  jaw,  v.  249 

situation,  iii.  89 

structure,  iii.  38 

varieties,  iii.  39 
Encranius,  vii.  690 
Endangeiitis,  mycotic,  ii.  97 

toxic,  ii.  97 
Endarteritis,  ii.  99 

elastic  fibres  in,  ii.  99 

in  the  chorion,  iii.  59 

obliterating,  ii.  100 

syphilitic,  vii.  624 
Endermatic  medication,  v.  735 
Endoaneurismorrhaphy,  viii.  362 
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Endocardial  murmur,  ii.  833 

organic,  ii.  833 
Endocarditis,  acute,  iii.  585 
bacteriology,  iv.  585 
benign,  iv,  586 
classitication,  iv.  585 
differential  diagnosis,  iv.  587 
etiology,  iv.  585 
history,  iv.  585 
malignant,  iv.  586 
morbid  anatomy,  iv.  586 
physical  signs,  iv.  587 
prognosis,  iv.  587 
recurrent,  iv.  588 
symptomatology,  iv.  586 
treatment,  iv.  587 
chronic,  see  Heart,  valvular  le- 

niovs  of 
gonorrhoeal,  viii.  526 
Endocystitis,  i.  774 
Endometritis,  v.  783;  and  see  Me- 
tritis and  Puerperal  infection 
decidualis,  v.  783 

post  abortum,  iii.  390 
post  partum,  iii.  390 
diffusa,  V.  783 
exfoliativa,  v.  783 
glandularis,  v.  783 
interstitialis,  v.  783 
senilis,  v.  783 
Endometrium,  disease  of,   meuor- 

rhagia  in,  v.  741 
Endomysium,  vi.  11 
Endoneurium,  vi.  338 
Endoparasites,  vi.  500 
Endophlebitis  obliterans,  viii.  213 
of  hepatic  veins,  ii.  98 
prolifera,  viii.  213 
End-org'ans,  kinesodic,  iii.  834 
nervous,  iii.  818 
of  special  sense,  iii.  832 
peripheral,  iii.  818 
Endosalpingitis,  iv.  134 
Endoscopy,  i.  778 
Endospores,  i.  681 
Endostosis,  vi.  425 
Endothelial  cells,  v.  655 

cysts,  iii.  349 
Endothelioma,  vii.  88 

carcinomatosum  of  the    perito- 
neum, vi.  570 
hemangio-,  vii.  38 
lymphangio-,  vii.  38 
lymphangiomatosum  of  the  peri- 
toneum, vi.  570 
of  the  dura,  vii.  39,  908 
of  the  kidney,  v.  325 
of  the  lachrymal  gland,  iv.  115 
of  the  lung,  v.  607 
of  the  omentum,  vi.  360 
of  the  optic  nerve,  iv.  113 
of  the  ovary,  vi.  436 
of  the  parotid  gland,  vi.  511 
of  the  peritoneum,  vi.  570 
Endothelium,  iii.  856 ;  and  see  Bpi- 

thelium 
Endyma  =  ependyma,  ii.  139 
Enemata,  iii.  834;  and  see  Alimen- 
tation, rectal ;  and  Enteroclysis 
high,  iii.  834 
indications  for,  iii.  834 
in  intestinal  obstruction,  v.  173 

175 
in  intussusception,  iii.  885 
objections  to,  v.  200 
rules  for,  v.  300 
low,  iii.  885 
nutrient,  i.  186 

Y88 


Enemata,  quantity,  iii.  834 
temperature  of,  iii.  834 
Energy,  balance  of,  v.  765 
Enfeeblement  a  symptom  of  insan- 
ity, V.  45 
Engadine    (Upper),    Switzerland, 

iii.  835 
Engel's  apparatus  for  determining 

alkalinity  of  the  blood,  ii.  68 
England,  certification  of  death  in, 
iii.  37d 
drugs,  history  of  adulteration  of, 
in,  iv.  162 
inspection  of,  in,  iv.  177 
food,  history  of  adulteration  of, 
in,  iv.  163 
inspection  of,  in,  iv.  163 
Pharmacopoeia  in,  vi.  582 
Engle  garbage  incinerator,  vi.  879 
Enlargement  of  thyroid  gland,  v. 
728 
scrofulous,  o.f  lymph  nodes.v. 661 
Enlistment  in  the  army,  vi.  845 
fraudulent,  vi.  846 
requirements  for,  vi.  845 
Ennui,  danger  of,  in  military  life, 

V.  817 
Enostosis,  vi.  435 
Entamceba,  viii.  637 
coll,  viii.  687 
histolytica,  viii.  638 
hominis,  viii.  637 
Enteralgla,  iii.  196 
Enterectomy,  v.  174 
Enteric    diseases    in    animals,   a 
cause  of  unwholesome  milk,  v.  885 
Enteric  fever,  vii.  914;  and  see  Ty- 
phoid fever 
how  to  avoid  in  camp,  v.  813 
Enteritis,  iii.  826 
catarrhal,  iii.  827 
acute,  iii.  827 
acute,  course,  iii.  830 
acute,  etiology,  iii.  827 
acute,  pathology,  iii.  828 
acute,  symptoms,  iii.  830 
acute,  treatment,  iii.  830 
chronic,  course,  iii.  830 
chronic,  etiologj',  iii.  827 
chronic,  pathology,  iii.  828 
chronic,  symptoms,  iii.  830 
chronic,  treatment,  iii.  831 
croupous,  iii.  831 
diphtheritic,  iii.  831 
phlegmonous,  iii.  832 
Enterocele,  iv.  665 
Enteroclysis,  iii.  833 

clinical  applications  of,  iii.  834 
effects  of,  iii.  833 
experiments  with,  iii.  832 
in  cholera  infantum,  iii.  85 
methods,  iii.  885 
solutions  that  may  be  used,  iii. 
838 
quantity    and    temperature 
of,  iii.  838 
Entero-epiplocele,  iv.  665 
Enterokinase,  iv.  462 
Enterol,  iii.  839 
Enteroliths,  iii.  231 
Enteron  =  alimentarv  canal,  ii.  138 
Enteroptosis,  viii.  486 

application  of  the  term,  viii.  486 
clinical  features,  viii.  487 
diagnosis,  viii.  490 
etiology,  viii.  486 
introductory  and  historical,  viii. 
486 


Enteroptosis,  pathology,  viii.  490 

prognosis,  viii.  490 

Stiller's  sign,  viii.  489 

symptoms,  viii.  487 

synonyms,  viii.  486 

treatment,  viii.  490 
Enterorrhaphy,  v.  176 
Enterostomy,  v.  183 
Enterotomy,  v.  182 

in  intestinal  obstruction,  v.  174 
Entocinerea  =  central  tubular  gray 

matter  of  brain,  ii.  139 
Entoderm,  i.  440;  iii.  839;  iv.  337 
Entodermal  cysts,  vii.  721 
Entomophthorales,  iv.  378 
Entropion,  iv.  120 
Enuresis,  iii.  839 

continua,  iii.  839 

diagnosis,  iii.  839 

diurna,  iii.  889 

etiology,  iii.  839 

in  young  children,  i.  777 

mechanism,  iii.  839 

noctuma,  iii.  889 

prognosis,  iii.  839 

symptoms,  iii.  839 

treatment,  iii.  839 
Environment  and  insanity,  v.  65 

chemical  effect  of,  on  dififeren- 
tiation,  iii.  468 
Enzymes,  i.  683 ;  iii.  889 

amylolytic,  iii.  843 

chemical  composition  of,  iii.  840 

classification  of,  iii.  841 

coagulating,  iii.  843 

definition  of,  iii.  840 

determination  of  the  activity  of, 
iii.  841 

diastatic,  iii.  843 

fate  of,  in  digestion,  iii.  474,  475 
in  human  body,  iii.  841 

fat-splitting,  iii.  842 

glucoside-splitting,  iii.  843 

in  plants,  i.  104 

in  urine,  viii.  52 

mode  of  action  of,  iii.  840 

nature  of  action  of,  iii.  840 

of  the  pancreas,  vi.  463 

origin  of,  iii.  841 

oxidizing,  iii.  843 

proteolytic,  iii.  842 

relation  of,  to  serum  therapy  and 
to  immunity,  iii.  844 

steatolytic,  iii.  843 

sugar-splitting,  iii.  842 
Eosinophiles,  ii.  30 

in  dermatitis,  iii.  420 
Eosinophilia,  v.  493 

diseases  found  in,  v.  493 

in  parasitic  affections,  vi.  504 
Eosolates,  iii.  844 

calcium,  iii.  844 

quinine,  iii.  844 

silver,  iii.  844 
Epenoephal,  ii.  157 ;  and  see  Brain 
Epencephalon,  ii.  157,  381 ;  and  see 

Brain 
Ephedra  antisyphilitica,  iii.  844 

helvetica,  iii.  844 

monostachye,  iii.  844 

vulgaris,  iii.  844 
Ephedrin,  iii.  844 
Ephedrine,  iii.  844 

pseudo-,  iii.  844 
Ephelid,  v.  488 ;  and  see  Lentigo 
Ephelis,  V.  483;  and  see  Lentigo 

ab  igne,  v.  478 

a  sole,  v.  478 
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Epiblast,  iv.  337 
Epicanthus,  iv.  123;  vii.  699 
Epicardium,  iv.  672 
Epicarin,  iii.  844 
Epicauta  cinerea,  v.  165 
pennsylvanica,  v.  165 
vittata,  V.  165,  166 
Epidemic  dermatitis,  iii.  418 
diagnosis,  iii.  418 
etiology,  iii.  418 
pathology,  iii.  418 
prognosis,  iii.  418 
symptoms,  iii.  418 
treatment,  iii.  418 
Epidemics,  isolation  in,  y.  234 
Epidermin,  iii.  844 
Epidermis,  vili.  672 
embryology,  viii.  673 
intercellular  spaces,  viii.  673 
layers,  viii.  672 
reaction  of  the  several  layers  to 

various  dyes,  viii.  674 
rete  Malpighii,  viii.  673 
stratum  corneum,  viii.  673 
granulosum,  viii.  673 
lucidum,  viii.  674 
thickness,  viii.  673 
Epiderm.oids,  vii.  731 
Epididymectomy,  vii.  184 
Epididymis,  iv.  325 

cysts  of,  iii.  351 
Epididymitis,  vii.  181,  185 

complicating  gonorrhoea,  iv.  401 
Epidoptometry,  vi.  392 
Epidural  space,  ii.  211 
Epigastric  arteries,  i.  5 

anomalies  of,  i.  534 
aura,  iii.  845 
hernia,  iv.  680 
plexus,  vii.  578 
region,  i.  11 
Epigenesis,   iv.    19,   654;   and  see 


Epiglottis,  V.  408 

cysts  of,  V.  433 
Epignathus,  vii.  690 
Epilation  by  electrolysis,  iv.  808 
Epilepsy,  ii.  419;  iii.  361,  845;  vii. 
449 

alcoholic,  v.  83 

and  idiocy,  v.  149 

as  subject  of  litigation,  vi.  289 

aura,  iii.  845 

chorea  associated  with,  iii.  44 

condition  of  reflexes  in,  iii.  846 

cry  of,  iii.  846 

definition,  iii.  845 

description  of  an  attack  of,  iii. 
846 

diagnosis,  iii.  850 

diet  in,  iii.  466 

ethylene  bromide  in,  iv.  14 

etiology,  iii.  848 

frequency  of  attacks,  iii.  847 

hand  in,  iv.  533 

headache  in,  iv.  549 

hystero-,  iii.  850 

insanity  of,  v.  98 

interparoxysmal  state,  lu.  848 

Jacksonian,   surgical   treatment 
of,  ii.  419 

masked,  iii.  848 

medico-legal  aspects  of,  v.  78 

morbid  anatomy  and  pathology, 

"i-  849 
motor  disturbances,  lu.  847 
non-traumatic,    surgical     treat- 
ment of,  ii.  419 


Epilepsy,  prodromes,  iii.  845 
prognosis,  iii.  850 
psychic,  V.  99 
Seguin's  signal  symptom  in,  ii. 

420 
sensory,  iii.  847 
sequelffi,  immediate,  iii.  846 

remote,  iii.  847 
simuiated,  iii.  850  • 

stages  of,  iii.  846 
surgical  treatment  of,  ii.  419 
synonyms,  iii.  845 
temperature  and  pulse  in,  iii.  846 
traumatic,  surgical  treatment  of, 

ii.  419 
treatment,  ii.  419;  iii.  851 
urine  in,  iii.  846 
Epileptic  cry,  iii.  846 
Epileptics,     percentage    of,    from 
consanguineous  marriages,  iii.  357 
Epileptiform       convulsions      as 
symptom  of  intracranial  tumor,  ii. 
437 
Epimysium,  vi.  11 
Epineurium,  vi.  238 
Epiphora,  v.  395 
Epiphysis,  cerebral,  ii.  166 

of  humerus,   separation  of,  iv. 

261 
separation  of,  iv.  251 
Epiphysitis,  acute,  vi.  421 
treatment  of,  vi.  421 
of  knee,  treatment  of,  v.  386 
Epiplocele,  iv.  665 
Epiploitis,  vi.  359 
Epiploon,  see  Omentum 
Episclera,  iv.  65 
Episcleritis,  vii.  74 

syphilitic,  619 
Epispadias,  vii.  174,  709 
in  the  female,  viii.  161 
Epispastics,  ii.  14 
Epistaxis,  vi.  127,  295 
diagnosis,  vi.  128 
etiology,  vi.  137 
prognosis,  vi.  138 
treatment,  vi.  138  _ 
Episylvian  fissure,  ii.  198 
Epithelial  hyaline  degeneration,  iii. 
395 
pearls,  ii.  672 

plugs,    laminated,    in    external 
auditory  canal,  iii.  615 
Epithelioma,  see  Carcinoma 
chorio-,  iii.  61 
chorionic,  vii.  595 
contagiosum,  y.  850 
disseminated,  ii.  681 
multiple,  ii.  682 
of  the  auricle,  iii.  668 
of  the  cervix  uteri,  viii.  87 
of  the  conjunctiva,  iv.  109 
of  the  cornea,  iii.  391 
of  the  eyelids,  iv.  107,  118 
of  the  hand  and  lingers,  iv.  501 
of  the  larynx,  v.  434 
of  the  lower  jaw,  v.  256 
of  the  nose,  vi.  141 
of  the  oesophagus,  vi.  344 
of  the  penis,  vii.  177 
of  the  scrotum,  see  Cancer  of  me 

skin 
of  the  skin,  iii.  852 
benign,  iii.  853 
cystic,  iii.  853 
multiple,  iii.  853 
of  the  umbilicus,  viii.  6 
of  the  upper  jaw,  v.  350 


Epithelioma  of  the  urethra,  i.  'J70 

superficial,  ii.  680 
Epitheliomatous  ulcers,  vii.  945, 

947 
Epithelium,  iii.  853 
chorionic,  iii.  51 
ciliated,  iii.  855 
classification,  iii.  854 
endo-,  iii.  856 
found  in  urine,  viii.  57 
germinal,  vi.  449 
glandular,  iii.  856 
meso-,  iii.  856 
mucous,  iii.  855 
neuro-,  iii.  856 
pigmented,  iii.  856 
regeneration  of,  vi.  883 
renal,  v.  310 
respiratory,  vi.  945 
simple  cylindrical,  iii.  854 

squamous,  iii.  854 
stratified  cylindrical,  iii.  855 

squamous,  iii.  854 
transitional,  iii.  855 
Epitrochleoanconeus  muscle,  vl 

58 
Eponychium,  vi.  93 
Epsom  salt,  v.  678 

as  a  purgative,  vi.  811 
Epulis,  viii.  583 

fibrous,  v.  349 ;  viii.  583 
malignant,  viii.  583 
myeloid,  viii.  583 
simple,  viii.  583 
Equilibration,  iii.  857 
Equilibrium,  iii.  857 

disturbances    of,    test    for,    ill 

601 
mechanism  of,  in  fishes,  i.  638 
nitrogenous,  v.  764 
nutritive,  v.  763 
sense  of,  viii.  333 
sensory  impressions  in  maintain- 
ing, iii.  858 
Equinia,  vi   136 
Equino-valgus,    talipes,   iv.    331, 

237 ;  and  see  Talipes 
Equino-varus,  talipes,  iv.  318,  336 ; 

and  see  Talipes 
Equinox  Spring,  iii.  860 
Equinus,  talipes,  iv.  338;  and  see 

Talipes 
Erasion  of  knee-joint,  v.  386 
Erb's  juvenile  muscular  atrophy,  vl. 
63 
phenomenon,  vi.  874 
Erectile  tumors,  i.  350 
Erector  penis  muscle,  anomalies 

of,  vi.  63 
Erepsin,  vii.  548 
Erethistic  ulcer,  vii.  948 
Ergot,  iv.  1 
action,  iv.  3 
composition,  iv.  3 
description,  iv.  2 
de  seigle,  iv  1 
development  of,  iv.  1 
doses,  iv.  3 
habitat,  iv.  3 
history,  iv.  3 
Houghton's  physiological  assay, 

iv.  3 
in  aneurism,  i.  337 
preparations,  iv.  3 
uses,  iv.  3 
Ergotic  acid,  iv.  3 
Ergotine,  iv.  3,  3 
Bonjean's,  iv.  3 
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£rgotine,  effect  of,  on  bodj'  tem 
perature,  ii.  571 
hypodermatic  use  of,  iv.  830 
Wenzell's,  iv.  3 
Wigger's,  iv.  3 
Ergotinic  acid,  iv.  3 
Ergotinine,  iv.  3 
Ergotism  as  a  cause  of  gangrene, 

iv.  304 
Erigeron,  iv.  158 

canadense,  iv.  158 
Eriodictyon    californicum,     viii. 

333 
Eriodictyonic  acid,  viii.  334 
Erlicki's  fluid,  iv.  708 
Erosions  of  cervix  uteri,  viii.  88 
of  nipple,  ii.  473 
of  veins,  viii.  314 
Errhines,  vii.  457 
Erucic  acid,  vi.  68 
Eructations,  nervous,  vii.  503 
Eruption  from  drugs,  iii.  431 
from  quinine,  vi.  838 
milk-crust,  iii.  710 
Erysipelas,  iv.  3 

and  eczema,  differential  diagno- 
sis of,  iii.  713 
bacteriology  of,  i.  705 ;  iv.  3 
complicated  by  kidney  lesions, 

iv.  7 
course  of  disease,  iv.  4 
curative  influence  of,  iv.  6 
definition,  iv.  3 
diagnosis,  iv.  5 
etiology,  iv.  3 
in  the  new-born,  vi.  378 
medical,  iv.  3 

of  the  arm  and  forearm,  i.  458 
of  the  auricle,  iii.  607 
of  the  eyelids,  iv.  117 
of  the  hand  and  fingers,  indura- 
tive, iv.  503 
of  the  larynx,  v.  419 
of  the  pharynx,  vi.  593 
of  the  vulva,  viii.  161 
pathological  anatomy,  iv.  4 
phlegmonous,  iv.  4,  503 
prognosis,  iv.  5 
spontaneous,  iv.  3 
surgical,  iv.  3 
symptoms,  iv.  4 
traumatic,  iv.  3 
treatment,  iv.  6 
Erysiphaoese,  iv.  880 
Erythema,  iv.  7 
ab  igne,  iv.  7 
annulare,  iv.  8 
caused  by  drugs,  iii.  433 
cholericum,  iv.  7 
contusiforme,  iv.  9 
definition,  iv.  7 
diagnosed  from  eczema,  iii.  713 

from  purpura,  v.  863 
diphtheriticum,  iv.  7 
elevatum  diutinum,  iv.  10 
endemicum,  vi.  530 
epidemic,  i.  86 

exudativum  multiforme,  iv.  8 
hyperEGmicum,  iv.  7 
induratum,  iv.  10 
in  eczema,  iii.  708 
iris,  iv.  8 
marginate,  iv.  8 
multiforme,  i.  455;  iv.  8 

of  arm  and  forearm,  i.  455 
purpuricum,  iv.  9 
urticans,  iv.  9 
nodosum,  i.  457;  iv.  9 
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Erythema  of  Bright's  disease,  iv.  8 
of  uraemia,  iv.  7 
papular,  iv.  8 
pernio,  iv.  7 
perstans,  iv.  8 
scarlatiniforme,  iv.  8 
scarlatinoides,  iv.  8 
recidivans,  iv.  8 
symptomatic,  iv.  7 
Erytheme  indure  des    scrofuleux, 
iv.  10 
polymorphe,  iv.  8 
Erythrasma,  iv.  10 
Eryth.rina  piscipula,  iii.  550 
Erythroblasts,  ii.  33 
Erythrocytes,  ii.   17,  34;  and  see 

Blood  corptiseles,  red 
Erythrocytolysis,    vi.    661 ;    viii. 

539 
Erythrocytorrhexis,  vi.  661 
Erythrocytoschisis,  vi.  663 
Erythrodextrin,  iii.  473;  see  also 

wyeogen 
Erythrol  tetranitrate,  viii.  491 
Erythromelalgia,  iv.  531 ;  viii.  491 
diagnosed  from  acromegalj',  i.  95 
Erythrophleine,  iii.  155;  vii.  43 
Erythrophleum,  vii.  43 

guineense,  vii.  43 
Erythrophlcein,  ii.  703 
Erythrophlosum,  ii.  703 
Erythropsia,  viii.  733 
Erythroretin,  vi.  974 
Erythroxyline,  iii.  155 
Erythroxylon,  iii.  153 
carthagenense,  iii.  155 
coca,  iii.  153 

nova-granatsnse,  iii.  155 
spruceanum,  iii.  155 
truxillense,  iii.  155 
Esbach's  albuminometer,  viii.  31 
Escharotics,  acids  as,  i.  73 
Eschscholtzia,  iv.  10 

californiea,  iv.  11 
Eserine,  ii.  549 

as  a  myotic,  vi.  71 
hypodermatic  use  of,  iv.  830 
in  corneal  ulcerations,  iii.  388 
Esmarch's  apparatus  for  controlling 
hemorrhage,  i.  340 
double  inclined  plane,  iv.  356 
elastic  bandage  for  aneurism,  i. 
331 
compressor,  i.  536 
mask,  iii.  13 

operation  (on  jaw),  v.  359 
roll-tube  cultures,  counter  for, 
viii.  404 
Esophoria,  vii.  533 
Esperanza  Mineral  Springs,  iv. 

Essences,  v.  739 

apple,  i.  367 

of  lemon,  v.  483 

of  peppermint,  vi.  554 

of  spearmint,  vii.  363 
Essential  oil  of  dill,  iii.  479 

of  juniper,  v.  899 

of  laurel,  v.  467 

of  lemon,  v.  483 

of  matico,  v.  714 

of  mustard,  vi.  68 

of  pepper,  vi.  553 

of  tea,  vii.  644 
Esthiom^ne,  i.  396 
Estill  Springs,  iv.  11 
Estlander's    operation,    vi.   903- 
vii.  755 


Ethene  dichloride,  iv.  15 
Ether,  iv.  11 

acetic,  i.  65 

action  of,  iv.  11 

administration  of,  iii.  9,  14 

Aran's,  iv.  15 

as  an  anaesthetic,  i.  391 ;  iii.  9 

clinical  effects  of,  iv.  13 

evidence  regarding,  Iii.  35 

compound  spirit  of,  iv.  13 

deaths  from,   post-mortem   ap- 
pearances, i.  664 

effects  of  inhalation  of,  i.  297 

formic,  iv.  14 

germicidal  action  of,  iv.  833 

hydriodic,  iv.  14 

hydrobromic,  iv.  13 

hydrochloric,  iv.  13 

hypodermatic  use  of,  iv.  821 

inhalers,  iii.  15 

local  anaesthesia  by,  iv.  14 

methylene,  vi.  638 

methylic,  v.  781 

nitric,  vi.  390 

nitrous,  vi.  290 

ozonic,  iv.  786 

ozonized,  iv.  786 

preceded  by  nitrous  oxide,  iii.  17 

properties  of ,  iv.  11 

pyroacetic,  i.  65 

rectal  administration,  viii.  353 

spirit  of,  iv.  13 

spray,  iv.  13 

stronger,  iv.  11 

sulphuric,  iv.  11 

tests  for,  iv.  11 

therapeutics,  iv.  13 

Wigger's,  Iv.  15 
Ethereal  animal  oil,  iii.  493 

extract  of  ginger,  iv.  352 
Ethidene  bichloride,  iv.  15 
dichloride,  i.  393;  iv.  13 
Ethiops  mineral,  v.  756 
Ethlenimin,  vi.  638 
Ethmoid  cells,  diseases  of.  vi.  146 
retention  tumors  of,  vi.  408 
sinuses,  vi.  104;  vii.  235 
Ethnology,    -witness  of,    to   man's 

ancestry,  Iv.  39 
Ethoxy-caffeine,  iv.  13 
Ethyl  bromide,  iv.  13 

as  an  anaesthetic,  i.  293 
Ethyl  chloride,  iv.  13 

as  an  anaesthetic,  i.  386,  893 
Ethyl  cyanide,  iv.  786 
Ethyl  formate,  iv.  14 
Ethyl  iodide,  iv.  14 
Ethyl  nitrite,  vi.  390 
Ethyl  oxide,  see  Ether 
Ethyl  phenacetin,  iv.  14 
Ethylamin,  ptomain,  vi.  785 
Ethylene  bromide,  iv.  14 
Ethylene-diamine,  iv.  14 
Ethylene-diamine-trikresol,    iv. 
14 

Ethylene  dichloride,  iv.  15 
Ethylene  -  phenylhydrazin  -  suc- 
cinic acid,  iv.  15 
Ethylio  carbamate,  viii.  15 

urethane,  viii.  15 
Ethylidene  chloride,  iv.  15 
Ethylidenediamin,    ptomal'n,    vi. 

786 
Ethylidene  dichloride,  iv.  13 
Etiology,  data  of,  in  pathology  of 

insanity,  v.  37 
Eucaine,  viii.  494 
alpha-,  viii.  494 
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Ergotlne. 
Uxplratlon, 


Eucaine,  beta-,  viii.  494 

as  a  local  anaesthetic,  1.  288 
compared  with  cocaine,  viii.  494 
Eucalypti  gummi,  iv.  16 
Eucalyptol,  iv.  15 

as  an  expectorant,  iv.  51 
germicidal  action  of,  iv.  332 
Eucalyptus,  iv.  15 
action,  iv.  15 

antiperiodic  action  of,  i.  378 
composition,  iv.  15 
description,  iv.  15 
genus,  iv.  16 
globulus,  iv.  15 
gum,  iv.  16 
leaf,  iv.  15 
oleosa,  iv.  15 
rostratus,  iv.  16 
uses,  iv.  16 
Eudermol,  iv.  16 
Eudoxine,  v.  208 ;  vi.  296 
Euformol,  iv.  246 
Eugallol,  iv.  16 
Eugenia  aromatica,  iii.  149 

caryophyllata,  iii.  149;  v.  244 
chequen,  ii.  803 
jambolana,  v.  244 
pimenta,  v.  244 
Eugenic  acid,  iii.  150 
Eugenoform,  iv.  16 
Eugenol,  ii.  646;  iii.  150 
acetamid,  iv.  16 
benzoyl,  iii.  150 
cinnamyl,  iii.  150 
iodide,  iv.  16 
Euginin,  iii.  149 

Eulentierg's    barsesthesiometer,    i. 
136 
thermoesthesiometer,  i.  186 
Eunatrol,  iv.  16 
Eunematoda,  vi.  305,  206 
Eunol,  iv.  16 
alpha-,  iv.  16 
beta-,  iv.  16 
Euonymin,  viii.  273 
Euonymus,  viii.  273 

atropurpureus,  viii.  273 
Eupatorin,  vii.  757 
Eupatorium,  vii.  756 

perfoliatum,  vii.  756 
Euphorbia,  vi.  705 

corollata,  iv.  17;  vi.  705 
cyparissias,  iv.  17 
heterodoxa,  i.  207 ;  iv.  17 
ipecacuanha,  iv.  17;  vi.  705 
lathyris,  iv.  17 
marginata,  iv.  17 
pilulifera,  iv.  16 
resinifera,  iv.  17 
EuphorbiaceBe,  iv.  17 

poisonous  plants  .of,  vi.  694 
Euphorbium,  iv.  17 
Euphorbon,  iv.  17 
Eupborin,  iv.  17 
Eupbtbalmin  hydrochlorate,  iv.  17 

salicylate,  iv.  17 
Eupyrin,  iv.  18 
Euquinine,  iv.  18;  vi.  827 
Eureka  Springs,  Ark.,  iv.  18 
Eureka  Springs,  Cal.,  iv,  18 
Eureka  Springs,  Pa.,  vii.  3 
Euresol,  iv.  19 
Eurobin,  iv.  19 
Europe,  history  of  yejlow  fever  in, 

viii.  586 
Europben,  iv.  19 
Eurythrol,  vi.  414 
Euspongia  ofBcmalis,  vu.  4dU 


Euspongia  tubulifera,  vii.  430 

zimocca,  vii.  430 
Eustachian  bougie,  use  of,  iii.  653 

catheter,  iii.  664 
Eustachian  emphysema,  viii.  430 
Eustachian  tube,  i.  619 
affections  of  the,  iii.  612 
catheterization  of  the,  iii.  664 
foreign  bodies  in,  iii.  613 
measurements  of  the,  viii.  240 
medication  of  the,  v.  733 
througli  the,  iii.  654 
obstruction  of  the,  iii.  612 
syphilitic  affections  of  the,  iii. 
681 
Eustachian  valve,  iv.  568 
Eustrongylus  gigas,  vi.  220 

visoeralis,  vi.  220 
Evacuating  catheter,  ii.  746 
Evacuator,  v.  530 
Bigelow's,  V.  531 
for  cystoscopy,  i.  780 
Evidence,  expert  medical,  iv.  53 
Evisceration  of  fcetus,  vi.  316 
Evolution,    iv.    19,   653;    and    see 
Heredity 
bathmic,  iv.  34 
evidence  of,  iv.  30,  36,  38 

from  analogy  of  the  other 

sciences,  iv.  30 
from  classification,  iv.  20 
from  embryology,  iv.  21,  38 
from  geographical  distribu- 
tion, iv.  30 
from  homologous  organs,  iv. 

31 
from  paleontology,  iv.  31 
from  vestigial  organs,  iv.  21 
factors  of,  organic,  iv.  23 
heredity,  iv.  24 
isolation,  iv.  33 
natural  selection,  iv.  28 
sexual  selection,  iv.  34 
struggle  for  existence,  iv.  25 
variation,  iv.  23,  39 
history  of  the  theories  of,  iv.  31 
meanings  of  the  term,  iv.  19 
Evolution  of  man,  iv.  38 
evidence  of,  iv.  38 

from  embryology,  iv.  38 
from  ethnic  and  comparative 

anatomy,  iv.  39 
from  ethnology,  iv.  39 
from    prehistoric    archaeol- 
ogy, iv.  40 
from  somatology,  iv.  38 
from  variation,  iv.  39 
Evolution,  ontogenetic,  iv.  19 

organic,  iv.  31 
Exaggerated  respiration,  ii.  817 
Exalgine,  iv.  4 

relation  to  phenacetin,  vi.  606 
Examination,    gynecological,     iv. 
456 
in  insanity,  v.  67 
in  life  insurance,  v.  509,  511 
obstetric,  v.  380 
of  recruits,  vi.  845 
Examiner,  medical,  iv.  43 
Examining  andlicensingboards, 

iv.  47 
Exanthemata,  diet  in,  iii.  466 

pharyngitis   accompanying,    vi. 
592 
Exanthematous  eruption  on  eye- 
lids, iv.  117 
Excelsior  Spring,  iv.  48 
Excipients  for  pills,  v.  787 


Excision,  see  Resection 
of  clavicle,  iii.  130 
of  hip-joint,  v.  383 
of  lower  jaw,  v.  356 
of  tongue,  vii.  800 
of  tonsil,  vii,  817 
of  upper  jaw,  v,  366 
of  urethral  stricture,  viii.  34 
Excitability   of   nerves,  vi.   336, 

229 
Excitation,  law  of,  iii.  770 
Excitement  as  a  symptom  of  in- 
sanity, V.  44 
Excoccuria,  iv.  17 
Excreta,  amount  of,  v.  763 

disinfection  of,  iii.  497 
Excretory  disorders  of   hysteria, 

iv.  833 
Exencephalus,  vii.  697 
Exercise    during     pregnancy,    iv. 
344 
in  diabetes  mellitus,  iii.  431 
physical,  vii.  846 
result  of,  on  metabolism,  v.  770 
Exhalations  of  body,  i.  155 
Exhausting  diseases,  drowsiness 

in,  iii.  560 
Exhaustion,  febiile,  among  troops, 

ii.  632 
Existence,  struggle  for,  a  factor  in 
organic  evolution,  iv.  25 
meaning  of,  iv.  25,  26 
Exocar dial  murmur,  ii.  821 
Exogonium  purga,  v.  340 
Exophoria,  vii.  533 
Exophthalmic  goitre,  vi.  401 ;  viii. 
494 
course  of  disease,  viii.  499 
etiology,  viii.  498 
pathology,  viii.  496 
prognosis,  viii.  499 
symptoms,  viii.  495 
synonyms,  viii.  494 
thymus  extract  in,  vi.  413 
thyroid  medication  in,  vi.  411 
treatment,  viii.  499 
Exophthalmus,  vi,  401 
pulsating,  vi,  401 

pathology,  vi.  403 
progress    and    termination, 

vi.  401 
symptoms,  vi.  401 
treatment,  vi.  404 
Exosporum,  i.  681 
Exostosis,  vi.  569 

cartilaginea,  vi.  569 

eburnea,  vi,  426,  569 

fibrosa,  vi.  569 

ivory,  vi.  426 

medullaris,  vi.  569 

of  external  auditory  canal,  lU, 

620 
periosteal,  vi.  569 
spongiosa,  vi,  569 
subungual,  vi,  435 
Exothyropexy,  iv,  397 
Expectation  of  life    at    different 

ages,  viii,  260 
Expectorants,  iv.  48 
depressant,  iv.  49 
sedative,  iv.  49 
stimulant,  iv.  50 
Expectoration,   vii.   431;    and  see 

Sputum  .       - 

Expert  medical  evidence,  iv.  oa 
Expiration  in  asthma,  i,  584 
prolonged,  ii._  817 
suppressed,  ii.  817 

* 
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Explosive  gelatin,  vii.  910 
Explosive  medicinal  compounds,  iv. 

854 
Explosives,  iv.  439;  vii.  909;  and 

see  OuvsJwt  wounds 
Exposure  as  a  cause  of  disease,  in 

armies,  ii.  615 
Expression,  physical,  in  insanity, 

V.  55,  57 
Exstrophy  of  bladder,  i.  788;  viii. 

25 
Extension,  Buck's,  iv.  265 

in  treatment  of  dislocations,  iii. 
511 
of  fractures,  iv.  365 
of  hip-joint  disease,  v.  379 
Extensor  brevis   digitorum,   iv. 

194;  vi.  55 
Extensor  brevis  digitorum  pedis, 

anomalies  of,  vi.  58 
Extensor  brevis  hallucis,  vi.  58 
Extensor  brevis  pollicis,  iv.  343 
Extensor  carpi  radialis  accessor- 

ius,  vi.  54 
Extensor  carpi  radialis  brevior, 
iv.  241 
anomalies  of,  vi.  54 
Extensor  carpi  radialis  longior, 
iv.  241 
anomalies  of,  vi.  54 
Extensor  carpi  ulnaris,  iv.  341 

anomalies  of,  vi.  54 
Extensor  coccygis,  vi.  60 
Extensor  communis  digitorum, 
iv.  341 
anomalies  of,  vi.  ,54 
Extensor  hallucis  longus  tricau- 

datus,  vi.  57 
Extensor  indicis,  iv.  343 

anomalies  of,  vi.  55 
Extensor  indicis  brevis,  vi.  55 
Extensor  longus  digitorum  pe- 
dis, anomalies  of,  vi.  57 
Extensor  longus  pollicis,  iv.  343 
Extensor  minimi  digiti,  iv.  241 

anomalies  of,  vi.  54 
Extensor  ossis  metacarpi  polli- 
cis, iv.  343 
anomalies  of,  vi.  54 
Extensor  ossis  metatarsi  hallu- 
cis, anomalies  of,  vi.  57 
Extensor  primi  internodii  hallu- 
cis, anomalies  of,  vi.  57 
Extensor  primi  internodii  polli- 
cis, iv.  243 
anomalies  of,  vi.  55 
Extensor  primi  internodii  polli- 
cis et  indicis,  vi.  55 
Extensor  proprius  digiti  medii. 
vi.  55  ' 

Extensor  proprius  hallucis,   iv 
194,  196 
anomalies  of,  vi.  57 
Extensor  quadriceps  femoris,  vii 

738 
Extensor  secundi  internodii  pol- 
licis, iv.  242 
anomalies  of,  vi.  55 
External  abdominal  oblique  mus- 
cle, anomalies  of,  vi.  61 
External  carotid  arterj*.  anoma- 
lies of,  i.  536 
External  genital   organs,  male 

development  of,  iv.  317 
External  iliac  artery,  anomalies 

of,  i.  534 
External     intercostal    muscles 
anomalies  of,  vi.  60 

4 
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External  jugular  vein,  anomalies 

of,  viii.  203 
External  plantar  artery,  anom- 
alies of,  i.  535 
External       pterygoid     muscle, 

anomalies  of,  vi.  43 
Extraction  of  teeth,  vii.  661 
Extracts,  v.  736 

aqueous,  of  aloes,  i.  194 

bone-marrow,  vi.  414 

compound,  see  Compound  extract 

ethereal,  see  Ethereal  extract 

fluid,  see  Fluid  extract 

Goulard's,  v.  471 

heart,  vi.  417 

hepatic,  vi.  416 

intestine,  vi.  416 

kidney,  vi,  416 

liver,  vi.  416 

lung,  vi.  417 

mammary  gland,  vi.  416 

muscle,  vi.  417 

nervous  tissues,  vi.  415 

of  aconite,  i.  84 

of  aloes,  i.  194 

of  arnica  root,  i.  531 

of  belladonna,  i.  743 

of  blue  flag,  iv.  158 

of  bryony,  ii.  499 

of  Calabar  bean,  ii.  549 

of  cannabis  indica,  ii.  649 

of  celandine,  ii.  760 

of  cimicifuga,  iii.  88 

of  cinchona,  iii.  89 

of  colchicum  root,  iii.  193 

of  colocynth,  iii.  201 

of  conium,  iii.  239 

of  dandelion,  iii.  353 

of  digitalis,  iii.  478 

of  ergot,  iv.  3 

of  euonymus,  viii.  373 

of  gentian,  iv.  338 

of  glycyrrhiza,  v.  518 
of  hsematoxylon,  v.  567 
of  hyoscyamus,  iv.  637 
of  iris,  iv.  158 
of  jalap,  V.  241 
of  jambul,  v.  244 
of  kava,  v.  303 
of  lactucarium,  v.  403 
of  leptandra,  v.  490 
of  liquorice,  v.  518 
of  nux  vomica,  vi.  308 
of  opium,  vi.  386 
of  pichi,  vi.  632 
of  podophyllum,  vi.  690 
of  poppy  capsule,  vi.  735 
of  Prunus  virginiana,  ii.  804 
of  quassia,  vi.  827 
of  rhatany,  vi.  964 
of  rhubarb,  vi.  974 
of  stramonium,  vii.  535 
of  taraxacum,  iii.  353 
of  wahoo,  viii.  273 
of  wild  cherry,  ii.  804 
organic,  vi.  409 
orcliitic,  vi.  415 
ovarian,  vi.  415 
pancreatic,  v.  829 
parotid  gland,  vi.  417 
splenic,  vi.  414 
suprarenal,  vi.  413 
testicular,  vi.  415 
thebaic,  see  Opium,  vi.  383 
thymus,  vi.  413 
thyroid,  vi.  410 
Extradural  abscess,  ii.  415 
Extra-uterine  pregnancy,  iv.  54 


Extra-uterine    pregoancyj    ana- 
tomical considerations,  iv.  57 
classification,  iv.  55 
decidua  in,  iv.  57 
diagnosis,  iv.  59 
etiology,  iv.  54 
fate  of  foetus,  iv.  57 
frequency  of,  iv.  54 
placenta  in,  iv.  58 
rupture  of,  into  peritoneal  cav- 
ity, iv.  56 
symptoms,  iv.  58 
theories  of  causation,  iv.  W 
treatment,  iv.  60 
Extravasation    following    coatv 

sions,  iii.  373 
Extremities,  hyperkeratosis  of,  v. 
305 
keratoderma  of,  v.  304 
lupus  of,  v.  614 
malformations  of,  vii.  714 
Extubntion,  v.  197 
Exudates,  iv.  60 
causes  of,  iv.  63 
fibrinous,  iv.  61 

formation  of,  theories  for  iv.  61 
hemorrhagic,  iv.  61 
inflammatory,  iv.  63 
leucocytes  in,  iv.  61 
pathological,  iv.  63 
plastic,  in  eczema,  iii.  708 
purulent,  iv.  61 
serous,  iv.  61 

in  eczema,  iii.  708 
Exudation,  pathological,  iv.  60 
Eye,  iv.  63 ;  and  see  Orbit,  Conjunc- 
tiva, Betina,  Iris,  etc. 
accommodation,  iv.  93 
action  of  cocaine  on  the,  iii.  158 
affections  of,  cause  of  headache, 

iv.  549 
angles  of  the,  iv.  64 
arcus  senilis,  i.  440 
artificial,  i.  556 

history  of,  i.  556 
manufacture  of,  i.  557 
mode  of  introducing  and  re- 
moving, i.  558 
asthenopia,  i.  581 
astigmatism,  iv.  91 
bandage  for,  i.  739 
blepharitis,  iv.  119 
blepharoplasty,  iv.  123 
cataract,  ii.  719 

changes  in,  during  accommoda- 
tion, iv.  93 
in  diabetes,  iii.  429 
choroid,  iv.  73 
chromatic  aberration,  iv.  91 
ciliary  body,  iv.  73 
commotio  retinae,  iv.  99 
conjunctivitis,  iii.  340 
cornea,  iv.  70 
crystalline  lens,  iv.  81 
development,  iv.  65 
diagrammatic,  iv.  90 
dioptrics  of,  iv.  83 
diseases  of,  see  under  Cataract, 
Chm-oid,   Conjunctiva,   Cornea, 
Glaucoma,  Hypermetrojiia,  My- 
opia, etc. 
diseases  of,  occupation  causlne. 
vi.  330  ^ 

of  the  lids,  iii.  340 ;  iv.  117 
examination  of,  in  case  of  iniurv, 
iv.  98  •"     ^ 

field  of  vision,  iv.  91 
foreign  bodies  in,  iv.  104 
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Eye,  foreign  bodies  in,  removal  of, 
by  magnets,  iv.  104 
function     of,     in     maintaining 

equilibrium,  iii.  858 
fundus  of,    appearance    of,   vi. 

373;  see  Ophthalmoscope 
general  arrangement,  iv.  63 
gonorrhffial  affections  of,  viil.  528 
hemorrhage  from,  iv.  98 
hypermetropic,  iv.  796 
inherited  syphilis,  vii.  631 
injuries  of,  iv.  97 

a  cause  of  blindness,  ii.  11 
iridectomy,  v.  313 
iridotomy,  v.  316 
iris,  iv.  74 

anomalies  of,  vi.  316 
iritis,  vi.  318 

lymphatic  vessels  of,  v.  638 
malformation  of,  vii.  699 
measurement  of  the  position  of 

the,  vi.  397 
membrane  of  Descemet,  iv.  71 
mydriatics,  vi.  70 
myopic,  vi.  77 
myotics,  vi.  70 

operations  on,  comparative  value 
of,  i.  557 
unsuccessful,    a    cause    of 
blindness,  ii.  11 
ophthalmoscopy,  vi.  367 
parasites  in,  vi.  500 
physical  conditions  of,  iv.  97 
post-mortem  appearances  of,  ii. 

535 
presbyopia,  vi.  753 
pterygium,  iii.  347 
refraction,  iv.  83 
refractive  apparatus  of,  viii.  341 
relations,  iv.  64 
retina,  iv.  77 
rods  and  cones,  iv.  78 
sclera,  iv.  68 

spherical  aberration,  iv.  91 
strabismus,  vii.  530 
surgery  of,  cocaine  in,  iii.  158 
syphilitic  affections  of,  vii.  619 
irritation  of,  vii.  594 
neuroses  of,  vii.  594 
tumors  of  the,  iv.  105 

a  cause  of  blindness,  ii.  11 
vision,  viii.  340 
visual  field,  iv.  91 
vitreous  humor,  iv.  83 
Eyeball,  iv.  63 

dislocation  of,  vi.  408 
enucleation  and  evisceration  of, 

viii.  500 
influence  of  sympathetic  system 

on,  vii.  587 
measurement  of  movement  of, 
vi.  397 
Eyeglasses,  vii.  363 
Eyelids,  iv.  64 
acne  of,  iv.  117 
adenocarcinoma  of,  iv.  107 
adenomata  of,  iv.  107 
afl:ections  of,  iv.  116 
angiomata  of,  iv.  106 
atresia  of,  i.  603 
benign  tumors  of,  iv.  105 
burns  of,  iv.  133 
canities  of,  iv.  120 
chalazion  of,  iv.  106 
chancre  of,  iv.  117 
coloboma  of,  iv.  133 
comedones  of,  iv.  118 
diseases  of,  iv.  116 


Eyelids,  ecchymosis  of,  iv.  133 
eczema  of,  iii.  734;  iv.  117 
emphysema  of,  iv.  118 
epicanthus,  iv.  133 
epithelial  horns  of,  iv.  106 
epithelioraata  of,  iv.  107,  118 
erysipelas  of,  iv.  117 
exanthemata,  iv.  117 
fibroma  molluscum  of,  iv.  107 
fibromata  of,  iv.  107 
granuloma  of,  iv.  106 
herpes,  iv.  117 
hordeolum,  iv.  119 
horns  of,  iv.  106 
imperforation  of,  i.  603 
influence  of  sympathetic  system 

on,  vii.  587 
in  insanity,  v.  51 
injuries  of,  iv.  99 
interference  vpith  mobility  of.  iv. 

131 
lipomata  of,  iv.  170 
lymphangiomata    and   lympho- 

mata  of,  iv.  107 
lymphatic  vessels  of  the,  v.  637 
malignant  tumors  of,  iv.  107 
milium  of,  iv.  118 
molluscum  of,  iv.  118 
noevus  of,  iv.  133 
neurofibroma  of,  iv.  107 
oedema  of,  iv.  117 
pediouli  of,  iv.  119 
phthiriasis  of,  iv.  119 
plexiform  neuro-fibroma  of,  iv. 

107 
reflex,  time  of,  v.  367 
repairing   of    injured,   iv.   133: 

and  see  Blepharoplasty 
sarcomata  of,  iv.  107 
skin-grafting  for  new,  iv.  132 
stye  of,  iv.  119 
syphilitic  aflections  of,  iv.  117; 

vii.  619 
tumors  of,  iv.  105 
vparts  of,  iv.  106 
wounds  of,  iv.  99 
xanthelasma  of,  iv.  118 
xanthoma  of,  iv.  106 
Eye-piece  micrometer,  ii.  70 
Eye-stones,  iv.  133 

Eabiana,  vi.  631 
imbricata,  vi.  631 

Fabianine,  vi.  633 

Fabianol,  vi.  633 

Fabrics,  blood-stains  on,  ii.  79,  80 

Face,  anomalies  of  the  muscles  of, 
vi.  43 
carcinoma  of,  ii.  636 
eczema  of  the,  iii.  738 
elephantiasis  of  the,  iii.  783 
erysipelas  of  the,  iv.  4' 
in  acromegaly,  typical,  i.  88 
lupus  of  the,  V.  613 
lymphatics  of  the,  v.  637 
malformations  of  the,  vii.  699 
muscles  of  the,  anomalies  of,  vi. 

43 
presentations,  v.  390 
progressive  hemiatrophy  of,  viii. 

448 
unilateral  atrophy  of,  viii.  448 
veins  of,  anomalies  of,  viii.  303 

Facial  angle,  vii.  331 

Facial  artery,  anomalies  of,  i.  537 
compression  of,  i.  537 
surface  markings  of,  vi.  191 
transverse,  anomalies  of,  i.  537 
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Facial  expression,  importance  of 

teeth  in,  vii.  650 
Facial  hemiatrophy,  viii.  504 
course  and  prognosis,  viii.  505 
diagnosis,  viii.  505 
etiology,  viii.  504 
pathological  anatomy,  viii.  504 
symptoms,  viii.  504 
treatment,  viii.  505 
Facial  hemihypertrophy,  viii.  505 
Facial  index,  vii.  231 
Facial  nerve,  iii.  321 
Facial  neuralgia,   see  Neuralqia, 
vi.  243  "    ' 

Facial  paralysis,  iv.  124 
clinical  history,  iv.  124 
diagnosis,  iv.  136 
etiology,  iv.  134 
prognosis,  iv.  136 
treatment,  iv.  137 
Facial  vein,  anomalies  of,  viii.  303 

surface  markings  of,  vi.  191 
Facies  in  insanity,  v.  55 
Facio-scapulo-humeral     muscu- 
lar atrophy,  vi.  63 
Fsecal  fistula,  iii.  303 
impaction,  iii.  204 
Faeces,  iv.  137 

accumulation    of,    causing   ob- 
struction, V.  176 
chemical  composition,  iv.  139 
color  of,  iv.  127 

in  jaundice,  v.  346 
effects  of  starvation  upon  the 

composition  of  the,  vii.  443 
examination  of,  iv.  131 
in  infancy,  iv.  858 
microscopic  characters,  iv.  138 
parasites  in,  iv.  139;  vi.  501,  503 
physical  characters,  iv.  127 
Fahrenheit       and        centigrade 

scales,  iv.  132;  vii.  733 
Fainting,  see  Brain,  anoemia  of,  ii. 

333 
Fainting  fit,  ii,  224 
Falcial  sinus,  ii.  260 
Falcula,  ii.  212 

Falkenstein,  G-ermany,  iv.  133 
treatment  of  tuberculosis  at,  iv. 
132 
Falling  sickness,  iii.  845 
Fallopian  tubes,  iv,  133;  vii.  154 
absence  of,  vii.  709 
anatomy  of,  iv.  133;  vii.  154 
arteries  of,  vii.  157 
carcinoma  of,  iv.  138 
conditions    of,   favoring    extra- 
uterine pregnancy,  iv.  54 
cysts  of,  iii.  351 ;  iv.  137 
deciduoma  malignum,  iv.  138 
dermoids  of,  iv.  138 
diseases  of,  iv.  133,  134 
etiology,  iv.  184 
pathology,  iv.  134 
symptoms,  iv.  135 
treatment,  iv.  136 
embryology  of,  iv.  183 
enchondroma  of,  iv.  188 
inflammation  of,  iv.  134;  and  see 

Salpingitis 
lipoma  of,  iv.  138 
lymphatics  of,  v.  637;  vii.  157  _ 
malformations  of,  iv.   134;   vii. 
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myoma  of,  iv.  138 
neoplasms  of,  iv.  137 
nerves  of,  vii.  157 
papilloma  of,  iv.  138 
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Fallopian  tubes,  sarcoma  of,iv.l38 
structure,  vii.  156 
syphilitic  lesions  of,  vii.  626 
tuberculosis  of,  iv.  187 ;  viii.  105 
False  turpeth  root,  viii.  1 
Falsetto  voice,  physiology  of,  v.  456 
Falx  cerebelli,  ii.  212 

cerebri,  ii.  211 
Family  in  heredity,  iv.  660 
Family  history  in  life  insurance, 

V.  510 
Famine  fever,  vi.  884 
Fan,  vcing-disc,  iv.  758 
Fan  ear  trumpet,  iii.  633 
Faradic  batteries,  iii.  758 
electricity,  iii.  757 

therapeutic  effects  of,  iii.  757 
Faradism  as  an  aid  to  artificial  res- 
piration, i.  561 
in  insanity,  v.  73 
Farcy,   iv.   852;  vi.    126;   see  also 
Glanders 
buttons,  iv.  857 
pipes,  iv.  857 
Farfara,  iii.  225 

Farmville  Lithia  Springs,  iv.  138 
Far-point  in  accommodation,  vi.  78 
Fascia,   ante-brachial,    contracture 
of,  i.  462 
axillary,  vii.  207 
bicipital,  iii.  785 
brachial,  i.  451 ;  iv.  239 
bulbar  (of  eye),  iv.  65 
cervical,  vi.  192 
digital,  contraction  of,  iv.  522 
lata  of  the  thigh,  vii.  787 
of  CoUes,  iv.  828 ;  vi.  564 
of  the  abdomen,  i.  3,  4 
of  the  arm,  i.  451 
of  the  arm  and  forearm,  affec- 
tions of,  i.  458 
infection  of,  i.  458 
syphilis  of,  i.  461 
tuberculosis  of,  i.  461 
of  the  aVoo-w,  iii.  738,  734 
of  the  hand,  iv.  484 
of  the  leg,  V.  479 
of  the  neck,  vi.  192 
of  the  perineum,  iv.  322 ;  vi.  564 
palmar,  iv.  484 

contraction  of  the,  iv.  517 
perineal,  iv.  822;  vi.  564 
prevertebral,  vi.  192 
Fasciola,  vii.  865 
oegyptica,  vii.  866 
americana,  vii.  866 
augusta,  vii.  866 
carnosa,  vii.  866 
gigantica,  vii.  866 
hepatica,  vi.  502 ;  vii.  865,  866 
humana,  vii.  865 
lanceolata,  vii.  871 
magna,  vii.  866 
Fasciolopsis,  vii.  867 
Buski,  vii.  867 
Rathonisi,  vii.  867 
Fastigatum,  ii.  162 
Fastigial  nucleus,  ii.  163 
Fasting,  vii.  441 

as  a  therapeutic  measure,  iii.  42 
circulation  during,  vii.  443 
clinical  observations  durine  vii 

444  ®' 

dietetic  treatment  after,  vii.  445 
duration  of  life  during,  vii.  443 
faices  during,  vii.  443 
from  fluids,  but  not  from  solids 
vii.  443 


Fasting  from   solids,  but  not  from 
fluids,  vii.  443 
loss  of  weight  during,  vii.  441 
respiration  during,  vii.  443 
temperature  during,  vii.  442 
urinary  secretion  during,  vi.  442 
Fat  embolism,  iii.  790 
Fat  necrosis,  vi.  305,  465 
Fat  rendering,   regulation  of,  vi. 

331 
Fat  tissues,  amyloid  degeneration 

in,  i.  270 
Fatality  of  disease,  iii.  495 

in  chloroform  narcosis,  table  of, 
iii.  23 
Fatigue,  vii.  130 
Fatigue   neuroses,   occupation  as 

an  etiological  factor  in,  vi.  820 
Fatigue  suits,  for  soldiers,  v.  796 
Fats,  absorption  of,  iii.  85,  474 
by  lacteals,  iii.  77 
action  of  steapsin  on,  iii.  474 
analysis  of,  i.  178 
and  carbohydrates,  difference  be- 
tween, i.  176 
animal,  i.  176 
as  food,  i.  175 
as  heat-producers,  i.  176 
emulsified  in  intestine,  iii.  85 
in  faeces,  iv.  138,  130 
influence  of,  on  metabolism,  v. 

770 
in  milk,  v.  819 
cow's,  V.  820 
determination  of,  v.  826 
human,  v.  834 
origin  of,  v.  819 
in  plants,  i.  103 
in  plasma,  ii.  86 
in  the  urine,  viii.  51 
useful  in  chorea,  iii.  46 
Fatty  changes  in  blood-vessels,  ii. 
96 
in  the  capillaries,  ii.  98 
in  the  pancreas,  vi.  464 
Fatty  degeneration,  iii.   394;    v. 
517 ;  viii.  506 
of  the  heart,  iv.  588 
of  the  liver,  v.  550 
of  the  lymph  nodes,  v.  660 
of  the  muscles,  vi.  38 
of  the  neurones,  vi.  363 
of  the  new-born,  vi.  380 
of  the  pancreas,  vi.  464 
of  the  placenta,  vi.  651 
of  the  veins,  viii.  209 
of  the  vitreous,  viii.  267 
Fatty  deposit,  iii.  396 
Fatty  infiltration,  iii.  396 ;  v.  517 
of  the  heart,  iv.  589 
of  the  lymph  nodes,  v.  660 
of  the  pancreas,  vi.  464 
Fauces,  isthmus  of,  viii   107 
Fauquier      White     Sulphur 

Springs,  iv.  138 
Favus,  vii.  780 

of  the  nails,  vi.  94;  vii.  781 
Fear  as  a  cause  of  insanity,  v  38 
Febricula,  iv.  139 

ephemera,  iv.  139 
Febrifuge,  iii.  92 
Febrile  disturbances  as  cause  of 

msanity,  v.  35 
Febrile  exhaustion  among  troons 
n.  623  Of, 

Febris  ardens,  iv.  139 

catarrhalis,   v.    11;  and  see  In- 
fluenza 


Fecundation,  see  Impregnation 
Feeble-mindedness,  v.  145 
diagnosis,  v.  148 
etiology,  v.  146 
prognosis,  v.  151 
symptoms,  v.  147 
treatment,  v.  151 
Feeding,  forcible,  iv.  139 
infant,  iv.  859 

of  premature  infants,  vi.  750 
rectal,  i.  185 
Fees,  physicians',  iv.  140;  viii.  630 
legal  rules  governing  the  collec- 
tion of,  iv.  140 
Feet,  care  of,  in  marching,  v.  815 
in  soldiers,  v.  796,  815 
eczema  of  the,  iii.  736 
hyperidrosis  of  the,  iv.  796 
keratoderma  of  the  soles  of,  v. 
304 
Fehling's  solution,  iii.  438;  viii.  39 
test  for  sugar  in  milk,  v.  837 
in  urine,  iii.  438 ;  viii.  39,  41 
Feigned  diseases  among  soldiers,  ii. 
633 
insanity,  v.  68 
Fel  bovis,  iv.  399 

puriflcatum,  iv.  299 
Fell-0'Dwyer's  apparatus  for  in- 
sufflation of  lungs,  iv.  143 
method  of  insufflating  the  lungs, 
iv.  143 
Fell's  apparatus  for  insufflation,  iv. 

143 
Felo-de-se,  iii.  298 ;  vii.  550 
Felon,  i.  49;  iv.  508 
Female  catheter,  ii.  753 
Female  genital  tract,  cysts  of,  iii. 

351 
Female  labor,  injurious  influences 

of,  vi.  331 
-Femoral  artery,  vii,  738 
anomalies  of,  i.  584 
branches  of,  vii.  789 
compression  of,  i.  587 
deep,  anomalies  of,  i.  535 
double,  i.  534 

in  Scarpa's  triangle,  vii.  739 
ligature  of,  vii.  739 
Femoral  canal,  i.  9 
Femoral  hernia,  iv.  676 
anatomy,  iv.  676 
Bassini's  method  of  treatment, 

iv.  677 
diagnosis,  iv.  677 
Gordon's  method  of  treatment, 

iv.  678 
mechanical  treatment  of,  iv.  683 
occurrence,  iv.  677 
purse-string    method    of    treat- 
ment, iv.  678 
results  of  operations,  iv.  678 
treatment,  iv.  677 
Femoral  sheath,  i.  9 
Femoral  vein,  vii.  740 

anomalies  of,  viii.  307 
Femur,  depression  of  neck  of,  iii. 
308 
dislocations  of,  iii.  534 
Femur,  fracture  of,  iv.  364 
compound,  iv.  366 
Hodgen's  suspension   splint    in 

the  treatment  of,  iv.  365 
of  neck  of,  iv.  264 

diagnosed  from  coxa   vara, 

iii.  309 
diagnosed  from  dislocation 
on  the  dorsum  ilii,  iii.  534 
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Femur,  fracture  of,  neck  of,  di- 
agnosed from  fracture  of  ace- 
tabulum, i.  63 

of  shaft,  iv.  365 

of  third  trochanter,  iv.  365 
Femur,  incurvation  of  neck  of,  iii 

308 
Fenchone,  iv.  145 
Fennel,  iv.  145 

oil  of,  iv.  145 

Roman,  iv.  145 

sweet,  iv.  145 
Fenugreek,  iv.  145 
Fenwick-Leiter    cystoscope,    iii. 

345 
Fermentation,  i.  683;  iv.  146 

alcoholic,  in  milk,  v.  833 

butyric-acid,  in  milk,  v.  833 

lactic-acid,  in  milk,  v.  833 

succinic-acid,  in  milk,  v.  833 

theories  of,  iv.  146 
Fermentation  test  for  glucose  in 
urine,  viii.  40,  43 

for  lactose  in  urine,  viii.  43 
Ferments,  see  Enzymes 

coagulation  by,  iii.  150 

diastatic,  i.  683 

digestive,  iii.  470 

in  faeces,  iv.  131 

organized,  i.  683 

unorganized,  i.  683 
Ferns,  iv.  148 

maiden-hair,  iv.  147 

male,  iv.  147 

sweet,  iv.  148 

venus-hair,  iv.  147 
Fernvale  Springs,  iv.  148 
Ferralbumose,  v.  389 
Ferratin,  v.  339,  330 
Ferratin-sodium,  v.  330 
Ferratogen,  v.  330 
Ferrein,  pyramids  of,  v.  310 
Ferric  acetate,  v.  335 

albuminate,  v.  339 

chloride,  v.  337 

germicidal  action  of,  iv.  333 

citrate,  v.  336 

hydrate,  v.  335 

with  magnesia,  v.  335 

hydrated  oxide,  v.  335 

hydroxide,  v.  335 

hypophosphite,  v.  337 

nitrate,  v.  338 

peptonate,  v.  339 

perchloride,  v.  337 

phosphate,  soluble,  v.  337 

pyrophosphate,  iv.  338 

sesquichloride,  v.  337 

sulphate,  basic,  v.  338 
normal,  v.  338 

valerianate,  v,  337 
Ferrinol,  v.  330 
Ferri's  solution,  iv.  710 
Ferris  Hot  Springs,  iv.  149 
Ferropyrin,  v.  330 
Ferrosol,  v.  380 
Ferrous  bromide,  v.  338 

carbonate,  v.  333 

iodide,  v.  334 

lactate,  v.  333 

oxalate,  v.  338 

sulphate,  v.  333 

antiseptic  efficacy  of,  i.  354 
as  an  antidote  to  cyanide  of 

potassium,  ii.  350 
germicidal  action  of,  iv.  333 
Ferrum,  see  Iron,  v.  331 

reductum,  v.  333 


Fallopian  tubes. 
Fibroma. 


Fersan,  v.  330 

Fertility    a    modifying    factor    in 

menopause,  ii.  799 

Fertilization,  see  Impreonation.  iv. 
849  f   n  . 

Ferula  alliacea,  i.  563 

asafcKtida,  i.  563 

fetida,  i.  561 

galbauiflua,  iv.  388 

narthex,  i.  563 

persica,  i,  563 

sumbul,  vii.  563 
Feser's  lactoscope,  v.  837 
Fevers,  ii.   569;    iv.    149;    and  see 
Galorimetry 

adynamic,  iv.  150;  vii.  930 

sestivo-autumnal,  v.  677 

African,  iii.  400 

asthenic,  iv.  150 

beverages  in,  iii.  463 

bilious  remittent,  v.  678,  685 
typhoid,  vi.  884 

break-bone,  iii.  400 

calorimetry  in,  ii.  569 

camp,  vii.  930 

cerebro-spinal,  ii.  766 

childbed,  vi.  793 

classification,  iv.  150 

clinical  significance  of,  iv.  149 

congestive,  ii.  766 

continued,  iv.  150;  v.  677 

defervescence  of,  iv.  150 

definition  of,  iv.  149 

dengue,  iii.  400 

diet  in,  iii.  461 

different  origins  of,  ii.  570 

double  tertian,  v.  675 

dynamic,  iv.  150 

effect  of,  on  metabolism,  v.  771 

enteric,  vii.  914 

eosinophilia  after,  v.  493 

epidemic  catarrhal,  v.  11 
remittent,  vi.  884 

etiology,  iv.  149 

famine,  vi.  884 

fastigium,  iv.  150 

gastric,  v.  678 

ha!moglobinuric  malarial,  viii. 450 

hay,  vi.  134 

high,  symptoms  of,  iv.  150 

in  animals,  a  cause  of  unwhole- 
some milk,  V.  835 

in  appendicitis,  i.  434 

initial  stage,  iv.  150 

intermittent,  iv.  150;  v.  675 

jail,  vii.  930 

Levant,  v.  685 

lung,  vi.  676 

malarial,  v.  674 

malignant,  vii.  930 
purpuric,  ii.  766 

Malta,  V.  685 

Mediterranean,  v.  685 

Neapolitan,  v.  685 

neuro-purpuric,  ii.  766 

pathology,  ii.  570;  iv.  149 

period  of  declination,  iv.  150 
of  incubation,  iv.  150 

petechial,  ii.  766 

pharyngitis  in,  vi.  593 

puerperal,  vi.  793 

pulse  in,  vi.  805 

putrid,  vii.  930 

relapsing,  vi.  884 

remittent,  iv.  150;  v.  677 

remitting  icteric,  vi.  884 

rock,  of  Gibraltar,  v.  685 

scarlet,  vii.  46 


Fevers,  simple,  iv.  139 

continued,  iv.  139 

spirillum,  vi.  884 

splenic,  i.  363 

spotted,   ii.   766;   vii.   930;   viii. 
697 

stage  of  invasion,  iv.  150 

stages  of,  iv.  150 

sthenic,  iv.  150 

syphilitic,  vii.  608 

tick,  viii.  697 

triple  quartan,  v.  675 

typhoid,  vii.  914 

typhus,  vii.  930 

undulant,  v.  685 

yellow,  viii.  323 
Fibres,   elastic,   found  in  sputum, 
vii.  434 

muscular,  vi.  13,  etc. 

of  connective  tissue,  iii.  353 

Sliarpey's,  of  bone,  ii.  116 
Fibrilla,  structure  of,  iii.  369 
Fibrillation  of  muscle,  vi.  39 
Fibrin,  essential  part  of  blood  clot, 
iii.  150 

in  blood,  ii.  33 

in  lymph,  ii.  33 

in  urine,  viii.  33 

placental,  iii.  57 
Fibrin-ferment,  action  of,  iii.  843 
Fibrinogen,  ii.  35 

in  coagulation  of  blood,  iii.  151 

in  urine,  viii.  33 
Fibrinous  bronchitis,  iv.  151 

classification,  iv.  151 

etiology,  iv.  151 

pathology,  iv.  153 

symptoms,  iv.  153 

treatment,  iv.  153 
Fibrinous  degeneration,  vi.  303 

of  choroid,  iii.  57 
Fibro-cartilage,  ii.  705 
Fibro-elastic  cartilage,  ii.  705 
Fibroid  heart,  iv.  590 

etiology,  iv.  590 

morbid  anatomy,  iv.  590 

symptoms,  iv.  590 

treatment,  iv.  591 
Fibrolipoma,  viii.  568 
Fibroma,  iv.  153 ;  vii.  907 

areolare,  iv.  154 

clinical  significance,  iv.  156 

combined  with  other  tumors,  iv. 
156 

diagnosis,  iv.  156 

durum,  iv.  154 

etiology,  iv.  156 

general  morphology,  iv.  153 

hard,  iv.  154 

keloid,  iv.  154 

mode  of  growth,  iv.  155 

molle,  iv.  154 

molluscum,  iv.  155;  v.  853 

occurrence,  iv.  155 

of  the  auricle,  iii.  666 

of  the  bladder,  i.  769,  793 

of  the  eyelids,  iv.  107 

of  the  hand  and  fingers,  iv.  501 

of  the  heart,  iv.  594 

of  the  intestine,  v.  189 

of  the  kidney,  v.  333 

of  the  )arynx,  v.  433 

of  the  liver,  v.  555 

of  the  lower  jaw,  v.  355 

of  the  mamma,  ii.  475 

of  the  nose,  vi.  140 

of  the  oesophagus,  vi.  343 

of  the  omentum,  vi.  360 
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Fibroma  of  the  ovary,  vi.  436 
of  the  parotid  gland,  vi.  511 
of  the  periosteum,  vi.  569 
of  the  pharynx,  vi.  602 
of  the  retina,  iv.  113 
of  the  tonsil,  vii.  833 
of  the  umbilicus,  viii.  6 
of  the  upper  javr,  v.  349 
of  the  urethra,  i.  770 
ossiticans,  vi.  569 
papillary,  vii.  908 
retrograde  changes  in,  iv.  155 
soft,  iv.  154 

special  morphology,  iv.  155 
varieties,  iv.  153 
Pibromyoma,  vi.  75 

hyaline  degeneration  in,  iv.  773 
of  the  intestine,  v.  189 
of  the  larynx,  v.  433 
of  the  uterus,  viii.  96;  and  see 
Uterus,  myoma  of 
Pibro-sarcoma,  vii.  907 

of  the  umbilicus,  viii.  6 
Fibrosis  of  the  corpora  cavernosa, 
vii.  177 
pulmonary,  vi.  675 
Fibrous  connective  tissue,  see  Cotir 
nective  tissue 
epulis,  V.  349;  viii.  490 
membranes,  histology  of,  iii.  354 
Fibula,  dislocations  of  the,  iii.  539 

fractures  of  the,  iv.  367 
Ficus,  iv.  156 

carica,  iv.  156 
Field-hospitals,  see  Army  hospital 
corps,  and  Army  medical  depart- 
ment, i.  473,  etc. 
Field  rations,  v.  799 
Field-surgeons  and  Army  medical 
department,  i.  473,  etc. 
duties  of,  in  time  of  war,  see 
Army  liospital  corps 
Field,  visual,  iv.  91 
Fifth  nerve,  iii.  333 
Fifth  ventricle  of  brain,  ii.  184 
Fig,  iv.  156 
Figure-of-8  bandage,  i.  738;  iii 

516,517  ' 

Figwort,  vii.  77 
Filaments  of  bacilli,  i.  680 
Filaria  sethiopica,  vi.  310 

Bancroft!,  vi.  313,  214,  504 
conjunctivse,  vi.  313 
Dem?,rquayi,  vi.  315 
dermathenica,  vi.  313 
diurna,  vi.  315 
dracunculus,  vi.  310 
hominis,  vi.  213 

bronchialis,  vi.  313 
oris,  vi.  213 
immitis,  vi.  312 
inermis,  vi.  313 
labialis,  vi.  212 
lentis,  vi.  212 
loa,  vi.  211 
lymphatica,  vi.  313 
Magalhffisi,  vi.  215 
medinensis,  vi.  310,  504 
metastasis  of,  v.  779 
nocturna,  vi.  213 
oculi,  vi.  211 

humani,  vi.  212 
of  blood,  characteristics  of,  vi.  216 
synopsis  of  various,  vi.  316 
Ozzardi,  vi.  315 
palpebralis,  vi.  313 
peritonei  hominis,  vi.  313 
perstans,  vi.  315 


Filaria  restiformis,  vi.  313 

romanorum  orientalis,  vi.  315 
sanguinis  hominis,  iii.  786;  vi. 
313 
a  cause  of  elephantiasis,  iii. 

785 
diseases  caused  by,  iii.  81 
minor,  vi.  315 
nocturna,  vi.  313 
trachealis,  vi.  319 
volvulus,  vi.  313 
Filariasis   a  cause  of  chyluria,  iii. 
81 
caused  by  mosquitoes,  v.  870 
Filaridse,  vi.  310 
Filatow's  spots,  v.  715;  see  Kop- 

lik's  spots 
Filices,  iv.  148 
Filicic  anhydride,  iv.  148 
Filicin,  iv.  148 
Filicinise,  iv.  148 
Filix-mas,  iv.  147 
Filmogen,  iv.  156 
Filters,  Berkef eld's,  viji.  423 
Kitasato's,  viii.  433 
Martin's,  viii.  433 
Novy's,  viii.  433 
Pasteur's,  viii.  384 
Pasteur-Chamberland,  viii.  284, 
422 
Filtration  apparatus  for  aear,  viii. 

411 
Filtration  of  water,  viii.  282,  284 

for  soldiers'  use,  v.  804 
Filum  terminale,  vii.  393 
Fingers,  iv.  486 

absence  of,  iv.  493 
amputation  of,  i.'  249 
anatomy  of,  iv.  486 
anomalies  of    development,   iv 

491 
cellulitis  of,  iv.  503 
chondroma  of,  iv.  501 
club,  iv.  500 
congenital  absence  of,  iv.  493 

constrictions  of,  iv.  496 
contractions  of,  iv.  509,  533 

Dupuytren's,  iv.  517 
dead,  iv.  531 ;  vi.  373 
deflections,  iv.  496,  497 
deformities  of,  iv.  490 
diseases  of  the,  iv.  490 
dislocations  of,  iii.  533 ;  iv.  513 
drop,  iv.  516 

Dupuytren's  contraction  of.  iv 

517 
felons,  iv.  503 
fractures,  iv.  264 
frost-bite  of,  iv.  503 
hammer,  iv.  533 
Hippocratic,  iv.  500 
hypertrophy  of,  iv.  498 
mallet,  iv.  516 
panaritium,  iv.  503 
phlegmon  of,  iv.  615 
short,  iv.  498 

supernumerary,  iv.  493  500 
syphilitic  affections  of,  iv  505 
tngger,  iv.  536 
tuberculosis  of,  iv.  504  505 
tumors  of,  iv.  500 
ulnar  deflection,  iv.  514 
warts  of,  iv.  500 
webbed,  iv.  494 
"Whitlow's,  iv,  503 
wounds  of,  iv.  501 
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Finsen  apparatus,  treatment  with 
electriclight,  vi.  993 
method  of  actinotherapy,  vi.  998 
treatment  of  lupus  vulgaris 
V.  616 
Firearms  and  their  projectiles, 

iv.  437 
Fire  damps,  i.  155;  ii.  659 
First  nerve,  vi.  349 
Fish  as  food  for  invalids,  iii.  465 
circulatory  system  in,  iii.  95 
haemolymph  glands  in,  iv.  469 
poisonous,  iv.  188 
Fission,  iv.  156 
Fissural  connections,  ii.  190 
diagrams,  ii.  190 
integer,  ii.  198 
variation,  ii.  190 
Fissure,  adoccipital,  ii.  193 
amygdaline,  ii.  183 
anal,  i.  395 
ape,  ii.  304 
basisylvian,  ii.  193 
calcarine,  ii.  188 
callosal,  ii.  190 
central,  ii.  194 
circuminsular,  ii.  301 
collateral,  ii.  190 
episylvian,  ii.  193 
exoccipital,  ii.  193 
external  calcarine,  ii.  186,  188 
occipital,  ii.  304 
perpendicular,  ii.  186,  204 
fron to-marginal,  ii.  193 
great  horizontal,  ii.  160 
longitudinal,  ii.  187 
hippocampal,  ii.  190 
hyposylvian,  ii.  193 
inflected,  ii.  193 
Insular,  ii.  193 
intercerebral,  ii.  187 
interhemispheral,  ii.  187 
intermedial,  ii.  193 
interparacentral,  ii.  193 
intraparietal,  ii.    198,  277-   viii 

155 
lambdoidal,  ii.  186,  190 
medifrontal,  ii.  193 
of  Rolando,  ii.  194,  377;  and  see 

Central  fissure 
olfactory,  ii.  193 
orbital,  ii.  193 
orbito-frontal,  ii.  193 
paracentral,  ii.  193 
parietal,  ii.  193 
paroccipital,  ii.  198,  199 
pomatic,  ii.  304 
postcalcarine,  ii.  193 
postcentral,  ii.  193 
postcuneal,  ii.  193 
postoccipital  fovea,  ii.  193 
postparoccipital,  ii.  193 
postrhinal,  ii.  193,  309 
precentral,  ii.  193,  277 
precuneal,  ii.  193 
preoccipital  fovea,  ii.  194 
preparoccipital,  ii.  194 
presylvian,  ii.  193 
rectal,  i.  395 
rostral,  ii.  194 
sagittal,  ii.  187;  see  Intercerebral 

fisswe 
subcentral,  ii.  193 
subfrontal,  ii.  193,  303 
suboccipital,  ii.  194 
subsylvian,  ii.  193 
subtemporal,  ii.  194 
supercallosal,  ii.  193 
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Fibroma. 
Fluid  extract. 


Fissure,  supercentral,  ii.  193 
saperfrontal,  ii.  193 
supertemporal,  ii.  193 
Sylvian,  ii.  205,  276 
temporo-occipital,  ii.  «204 
transinsular,  ii.  193 
transtemporal,  ii.  194 
transverse  occipital,  ii.  198 
vesical,  vii.  708 
Fissures,   arrangement  of,   signifi- 
cance of,  ii.  204 
best     elucidated     upon     foetal 

brains,  ii.  189 
collocation  of,  with  sutures,  ii. 

188 
complete,  ii.  274 
depth  of,  determined,  viii.  163 
development  of,  ii.  273 
Inconstant,  list  of,  ii.  193 
methods  of  locating  the,  ii.  274, 

403 
of  criminals,  ii.  305 
of  Santorini,  ii.  626 
of  the  nipple,  ii.  473 
partial,  ii.  191,  193 

with  structural  correlatives, 
ii.  193 
permanent,  ii.  187,  193,  375 
relation  of,  to  the  landmarks  on 

the  skull,  ii.  374,  403 
temporary,  ii.  274 
to  be  studied  before  gyres,  ii.  189 
total,  ii.  191 
transitory,  ii.  185,  374 
Fistula,  cervical,  vii.  701 
fscal,  iii.  203 
in  ano,  v.  564 
lachrymal,  v.  395,  397 
oesophago-tracheal,  vi.  338 
of  the  cornea,  iii.  289 
of  the  nasal  cavities,  vi.  122 
of  the  umbilicus,  viii.  6 
parotid,  vi.  510 
rectal,  i.  394 
salivary,  viii.  581 
thyro-lingual,  vi.  200 
uretero-vaginal,  viii.  168 
urethrovaginal,  viii.  168 
vesico-uterine,  viii.  168 
vesico-utero-vaginal,  viii.  168 
vesico-vaginal,  viii.  168 
Fistulee,  1.  754 

amphibolic,  i.  754 
branchial,  vi.  200 
cervical,  vii.  701 
permanent,  i.  754 
temporary,  i.  754 
Fistulina  hepatica,  iv.  285 
Fit,  fainting,  ii.  234 
Fitz  shaker,  the,  vi.  161 
Fixation  in  chronic  joint  disease,  v. 
377 
in  hip-joint  disease,  v.  278 
in  knee-joint,  v.  385 
of  uterus,  viii.  84 
Fixed  attention  to  induce  hypno- 
sis, iv.  812 
Fixed  joint,  see  Ankylosis,  i.  359 
Fixing  agents,  ii.  64;  iv.  706 
Flag,  blue,  iv.  157 

sweet,  ii.  549 
Flagella,  1.  681 

staining  of,  viii.  437 
Flagellation  of  Plasmodium   ma 

lariiE,  vi.  659 
Flake  manna,  v.  693 
Flame,  injuries  from,  ii.  530 
Flat-foot,  iv.  198,  204 


Flat-foot,  anatomy  of,  iv.  199 
attitudes  in,  iv.  201 
symptoms,  iv.  301 
treatment,  iv.  205 
varieties,  iv.  303 
Flatulence,  vii.  495 

a  symptom  in  diarrhoea,  iii.  438 
Flaxseed,  v.  516 
meal,  v.  516 
oil,  V.  516 
Flea,  dog,  v.  155 
earth,  ii.  828 
hen,  V.  155 
house,  V.  155 
sand,  ii.  828 
Fleabane,  iv.  158 
Canada,  iv.  158 
oil  of,  iv.  158 
Flemming's  hardening  fluid,  iv. 

707 
Flesh-fly,  v.  164 

Flexion  and  extension  of  forearm, 
iii.  739 
as  method  of  treating  aneurism 
i.  331 
Flexor  accessorius,  anomalies  of, 

vi.  59 
Flexor  accessorius  longus  digito- 

rum  pedis,  vi.  58 
Flexor     accessorius     profundus 

digitorum,  vi.  53 
Flexor  brevis  digitorum  pedis, 

anomalies  of,  vi.  59 
Flexor  brevia  hallucis,  anomalies 

of,  vi.  59 
Flexor  brevis  minimi  digit!,  an- 
omalies of,  vi.  60 
Flexor     brevis     minimi     digit! 

pedis,  anomalies  of,  vi.  55 
Flexor  brevis  poUicis,  anomalies 

of,  vi.  55 
Flexor  carpi  radialis,  anomalies  of, 

vi.  53 
Flexor  carpi  radialis  brevis,  vi. 

54 
Flexor  carpi  ulnaris,  anomalies  of, 

vi.  53 
Flexor  hallucis  longus,  anomalies 

of,  vi.  59 
Flexor  indicis,  vi.  53 
Flexor  longus  digitorum  pedis, 

anomalies  of,  vi.  58 
Flexor  longus  poUicis,  anomalies 

of,  vi.  54 
Flexor  profundus  digitorum,  an- 
omalies of,  vi.  53 
Flexor  proprius  digiti  sscundi, 

vi.  59 
Flexor  sublimis  digitorum,  anom- 
alies of,  vi.  53 
Flexures  of  the  brain,  ii.  142 
Flint's  murmur,  iv.  604 
Floating  kidney,  v.  320 
spleen,  vii.  425,  430 
stomach,  vii.  533 
Flocculus,  ii.  158 
Florence's  test  for  seminal  fluid, 

vii.  113 
Florida,  iv.  158 

history  of  yellow  fever  m,  vni. 

587 
requirements  for  medical  prac- 
tice in,  iv.  48 
Flour  as  food,  v.  800 

dust,  effect  of  inhaling,  vi.  335 
Flowering  dogvirood,  iii.  549 
Flo-wers,  insect,  v.  151 
of  sulphur,  vii.  561 


Fluavil,  iv.  456 

Fluhrer's       aluminum     gravity 

probe,  ii.  432 
Fluid,  cerebrospinal,  ii.  345 
Fluid  extract,  v.  736 

compound,  of  sarsaparilla,  vii. 

41 
of  aconite,  i.  84 
of  aletris,  i.  170 
of  alligator  pear,  i.  191 
of  apocynura,  i.  431 
of  arnica  root,  i.  521 
of  aspidosperma,  i.  579 
of  baptisia,  iv.  855 
of  belladonna,  i.  743 
of  bitter-orange  peel,  vi,  398 
of  blood  root,  ii.  73 
of  blue  flag,  iv.  158 
of  broom,  ii.  498 
of  buchu,  ii.  514 
of  cannabis  indica,  ii.  649 
of  capsicun,  ii.  654 
of  caroba,  ii.  704 
of  cascara  sagrada,  ii.  707 
of  cedron  seeds,  ii.  760 
of  chequen,  ii.  803 
of  chestnut,  ii.  826 
of  chewstick,  ii.  826 
of  chimaphila,  vi.  639 
of  chirata,  ii.  835 
of  cimicifuga,  iii.  88 
of  cinchona,  iii.  89 
of  cocillana,  iii.  164 
of  colchioum  root,  iii.  193 
of  colchicum  seed,  iii.  192 
of  columbo,  iii.  623 
of  convallaria,  v.  513 
of  conium,  iii.  339 
of  corn  silk,  iii.  292 
of  coto,  iii.  296 
of  cotton  root,  iii.  397 
of  cubeb,  iii.  388 
of  cypripedium,  iii.  340 
of  dandelion,  iii.  353 
of  digitalis,  iii.  478 
of  dita,  iii.  543 
of  dock,  iii.  549 
of  dogwood,  iii.  550 
of  dulcamara,  i.  763 
of  embelia,  iii.  788 
of  ergot,  iv.  3 
of  erigeron,  iv.  158 
of  erythroxylon,  iii.  154 
of  eucalyptu-s,  iv.  16 
of  eupatorium,  vii.  757 
of  euphorbia  pilulifera,  iv.  17 
of  fleabane,  iv.  158 
of  frangula,  ii.  515 
of  gelsemium,  iv.  315 
of  gentian,  iv.  328 
of  geranium,  iv.  328 
of  ginger,  iv.  353 
of  glycyrrhiza,  v.  518 
of  grindelia,  iv.  415 
of  guarana,  iv.  436 
of  hamamelis,  viii.  314 
of  hydrastis,  iv.  775 
of  hyoscyamus,  iv.  637 
of  iris,  iv.  158 
of  ipecac,  v.  313 
of  jaborandi,  v.  340 
of  kava,  v.  303 
of  koosso,  V.  377 
of  leptandra,  v.  490 
of  liquorice,  v.  518 
of  lobelia,  v.  566 
of  lupulin,  V.  609 
of  matico,  v.  714 
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Fluid  extract  of  mezereon,  v.  790 
of  nux  vomica,  vi.  308 
of  pareira,  vi.  509 
of  passiflora,  vi.  517 
of  persimmon,  vi.  574 
of  pichi,  vi.  632 
of  pipsissev(ra,  vi.  639 
of  pleurisy  root,  vi.  668 
of  podophyllum,  vi.  690 
of  pokeberry,  vi.  728 
of  pomegranate,  vi.  733 
of  Pulsatilla,  vi.  797 
of  quassia,  v.  827 
of  rhatany,  v.  964 
of  rhubarb,  vi.  974 
of  rose,  vi.  1000 
of  rumex  (dock),  iii.  549 
of  sanguinaria,  ii.  73 
of  sarsaparilla,  vii.  41 
of  savine,  vii.  43 
of  saw  palmetto,  vii.  43 
of  senega,  vii.  114 
of  senna,  vii.  117 
of  serpentaria,  vii.  355 
of  spigelia,  vi.  637 
of  squill,  vii.  434 
of  stillingia,  vii.  461 
of  stramonium,  vii.  535 
of  sumach,  vii.  563 
of  taraxacum,  iii.  352 
of  thoroughwort,  vii.  757 
of  triticum  repens,  iii.  298 
of  ustilago,  viii.  64 
of  uva  ursi,  i.  738 
of  valerian,  viii.  181 
of  veratrum  viride,  iv.  626 
of  viburnum,  viii.  234,  335 
of  witchhazel,  viii.  314 
of  xanthoxylum,  i.  383 
of  yerba  santa,  viii.  334 
Fluidity  of  the  vitreous,  viii.  367 
Fluids,    diluting,  for   blood-count- 
ing, ii.  43 
for  irrigation,  in  operations,  i.  569 
infiltration,  iv.  706 
preserving,  for  tissues,  iv.  706 
Flukes,  vii.  860 
Fluoroform  -water,  iv.  161 
Fluoroformol,  iv.  161 
Fluorol,  iv.  786 
Fluoroscope,  see  Roentgen  rays  and 

Radiograph 
Flushing  of  the  face  at  the  meno- 
pause, ii.  799 
Fluxion,  v.  551 
Fly,  Spanish,  ii.  651 
Focal  interval,  i.  591 
length,  iv.  84 
lines,  i.  591 
necrosis,  vi.  204 
Foci,  iv.  86 
Fcsniculum,  iv.  145 

capillaceum,  iv.  145 
Foenum  grsecum,  iv.  145 
Fcetal    brains    more    useful    than 
those  of  monkeys  for  elucidating 
fissures,  ii.  189 
Foetation,  multiple,  iv.  341 
Foeticide,  i.  43 
Foetus,  cysts  in,  iii.  349 

death  of,  diagnosis  of,  iv.  343 
decapitation  of,  vi.  816 
FcEtus,  development  of  the,  viii. 
506;  and  see  BMjryos  and  MnC- 

bryology 
age,  viii.  506 
embryonal  stage,  viii.  509 
foetal  stage,  viii.  513 

798 


Foetus, development  of  the,  forma- 
tion of  the  allantois,  1.  187 
of  the  amnion,  i.  218 
of  tlie  chorion,  iii.  47 
origin  of  the  female  generative 
organs,  vii.  147 
of  the  heart,  iv.  573 
of  the  kidneys,  v.  315 
of  the  male  generative  or- 
gans, iv.  316 
of  the  urogenital  system,  iv. 
316,  331 
ovum  stage,  viii.  506 
Foetus,   diagnosis  of  position    and 
presentation  of,  v.  381,  386 
effect  of  poisons  on,  when  taken 

by  the  mother,  vi.  279 
evisceration  of,  vi.  316 
fate  of  the,  in  extra-uterine  preg- 
nancy, iv.  57 
growth  of,  iv.  417 
increase  of  weight  of,  iv.  416 
in  history  of  the  human  embryo, 

iii,  793 
papyraceus,  iv.  341 
viability  of,  i.  673 
weight  of,  iv.  417 
Foetus  in  foetu,  vii.  619,  909 
Folds,  aryteno-epiglottidean,  v.  406 
Folie,  V.  25 ;  and  see  Insanity 
a-deux,  v.  135 
t  double  forme,  v.  129;  and  see 

Circular  insanity 
clrculaire,  v.  139;  and  see  Circu- 
lar insanity 
gemellaire,  v.  135 
Folin's  method  of  estimating  quan- 
tity of  uric  acid  in  urine,  viii.  36 
Follicular  cysts,  iii.  348 
FoUiculite  epilante,  iv.  161 
Folliculitis  agminata,  vii.  783 

complicating  gonorrhoea,  iv.  401 
conglomerata,  vii.  783 
decalvans,  i.  200;  iv.  161 
diagnosis,  iv.  161 
etiology,  iv.  161 
symptoms,  iv.  161 
treatment,  iv.  162 
of  vulva,  viii.  162 
scrofulosorum,  v.  50G 
Fol's  modification  of  Flemming's 

hardening  fluid,  iv.  707 
Fontana,  spaces  of,  iv.  71 
Fontanels,  ii.  213 ;  viii.  713 
Food,  Foods,  i.   173;  v.  733,   773; 
&nd.  it&  Aliment ;  Metabolism; 
Meat  inspection 
adulteration  of,  iv.  163,  175 
history  of,  iv.  163,  167 
legislation    concerning,    iv 
163  ® 

alcohol  as  a,  1.  177 
amount  required,  i.  178 
analysis  of,  i.  178;  iv.  174 
articles  of,  liable  to  adulteration 

iv.  176 
artificial  coloring  matter  in,  iv. 

as  modifying   mammary  secre- 
tion, V.  881 

caloric  values  of,  vi.  175 

canned,  for  army  rations,  v  803 

carbohydrate  as,  i.  176 

classification  of,  i.  174 

complete,  iii.  450 

constituents  of,  iii.  450 

composition  of  various  kinds  of 
1.  178  ' 


Food,  Foods,  concentrated,  for  army 

rations,  v.  803 

containing  arsenic,  poisoning  by 

viii.  347  ' 

contarfiination  of,  by  copper  iv 
184  ■'      ff    ,     . 

diarrhoea  caused  by,  iii.  440 
dietary  values  of.  vi.  173 
digestibility  of,  vi.  175 
effect  of,  on  differentiation,  iii 

469 
fat  as,  i.  175 
for  infants,  care  in  preparation 

of,  iii.  446 
for  invalids,  iii.  450 
for  soldiers,  v.  798 
idiosyncrasy  in   regard    to,   iv. 

842 
improper,  cause  of  dysentery,  iii. 

568 
inspection  of,  iv.  175 

modern  legislation  relative 
to,  iv.  163 
laxative  value  of,  v.  468 
method  of  inspection  and  analy- 
sis, iv.  180 
patented,  for  infants,  iv.  866 
poisonous,   examination  of,   iv 

189 
preservation  of,  vi.  755 
preservatives  for,  v.  727 
proteid  as,  i.  176 
relation  of,  to  teeth,  and  form  of 

jaw,  V.  700 
standards,  iv.  175 
supply,  animal,  viii.  334 
use  of  copper  vessels  in  cooking 

and  preserving,  iii.  280 
values  of  various  kinds  of,  i.  177 
vegetable  and  animal,  i.  177 
water  as,  i.  174 
Food  epidemics,  iv.  184 
Food  poisons,  iv.  183 
fish,  iv.  188 
ice-cream,  iv.  189 
meat,  iv.  185 
milk,  iv.  188 
molluscs,  iv.  189 
vegetables,  iv.  189 
Food-stuffs,  potential  energy  and 

physiological  value  of,  v.  765 
Food  values,  vi.  172 
Foot,  iv.  190 

amputation  of,  i.  255 

partial,  i.  258 
anatomy  of,  Iv.  190 
and  hand  compared,  iv.  190 
arches  of,  iv.  190 
arteries  of,  iv.  197 

anomalies  of,  i.  535 
artificial,  v.  514 
bursas  of,  ii.  526 
club,  iv.  216 
contracted,  iv.  310 
disabilities  of,  iv.  198 
dislocations  of  joints  of,  iii.  529 
distortions  of,  iv.  316 
fascia  of,  iv.  192 
flat,  iv.  198 
hollow,  iv.  210 

human,  characteristics  of,  iv.  191 
integument  of  sole  of,  iv.  197 
joints  of,  iv.  193 
ligaments  of,  iv.  193 
lymphatics  of,  v.  633 
muscles  of,  iv.  193 
nerves  of,  iv.  197 
of  Chinese  woman,  iv.  198 
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Foot,  perforating  ulcer  of  the,  vi.  557 
peisistent  abduction  of,  iv.  203 
phlegmon  of,  vi.  616 
resection  of  joints  of  the,  vi.  924 
splay,  iv.  198 
surgical  anatomy  of  the  joints 

of,  iv.  193 
synovial  sheaths  in,  iv.  194 
tendons  in,  iv.  194 
use  of,  for  prehensile  purposes, 

iv.  191 
varying  value  of,  as  a  measure, 
in  different  countries,  viii.  294 
veins  of,  iv.  197 
weak,  iv.  198 
Foot-and-mouth  disease,  iv.  733 
a  cause  of  unwholesome  milk,  v. 
835 
Foot-gear,  military,  v.  795 
Foramen,  adductor,  of  the  thigh, 
vii.  738 
great  sciatic,  iv.  539 
lesser  sciatic,  vi.  539 
lunulate,  ii.  217 
of  Magendie,  ii.  154 
of  Rivinus,  iii.  626 
ovale,  iv.  568 
Foramina  Thebesii,  iv.  569 
Forceps,  anterior  excisor,  vi.  146 
axis-traction,  vi.  312 
for  arresting  hemorrhage,  iv.  635 
for  Introducing  cotton  into  ear, 

iii.  631 
for  removal  of  coin  from  larynx 

V.  441 
jack-screw  excisor,  vi.  147 
obstetrical,  vi.  312 

action  and  use  of,  vi.  312 
as  a  compressor,  vi.  312 
as  a  lever,  vi.  312 
as  a  rotator,  vi.  312 
as  a  tractor,  vi.  312 
axis-traction,  vi.  312 
high,  vi.  314 
in  breech  cases,  vi.  314 
indications  for  applying,  vi. 

313 
low,  vi.  314 

prognosis  in  use  of,  vi.  314 
technique  in  applying,   vi. 
313 
uterine  dressing,  iv.  464 
Forcite,  vii.  910 
Forearm,  iv.  238 

amputation  of,  i.  251 
applied  anatomy  of,  iv.  238 
arteries  of,  iv.  243 
dislocations  of,  iii.  520 
fascia  of,  iv.  239 
flexion  and  extension  of,  iii.  739 
fracture  of  bones  of,  iv.  262 
muscles  of,  iv.  240 
nerves  of,  iv.  239,  243 
pronation  and  supination  of,  iii. 

740 
veins  of,  iv.  239 ;  viii.  208 
Forebrain,  development  of  the,  ii. 

273 
Foreign  bodies  a  cause  of  perito- 
nitis, viii.  499 
cysts  formed  around,  iii.  349 
in  the  air  passages,  i.  158 
in  the  auditory  canal,  iii.  646 
in  the  bladder,  iii.  347 
in  the  bronchi,  i.  160 
in  the  conjunctiva,  iii.  250 
in  the  Eustachian  tube,  iii.  613 
in  the  eye,  iv.  104 
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Foreign  bodies  in  the  frontal  si- 
nuses, iv.  274 

in  tlie  gall  bladder  and  gall  ducts, 
iv.  294 

in  the  hand  and  fingers,  iv.  502 

in  the  intestines,  treatment  of,  v. 
176 

in  the  larynx,  i.  160;  v.  441;  vi 
198 

in  the  nose,  i.  158 

in  the  oesophagus,  vi.  346;  vii. 
476 

in  the  omentum,  vi.  361 

in  the  orbit,  vi.  408 

in  the  pericardium,  vi.  558 

in  the  pharynx,  i.  159;  vi.  591 

in  the  stomach,  vii.  522 

in  the  tongue,  vii.  797 

in  the  tonsils,  i.  159 ;  vii.  820 

in  the  trachea,  i.  160 

in  the  tympanic  cavity,  iii.  648 

in  the  ureters,  viii.  13 

in  the  urethra,  viii.  17 

in  the  veins,  viii.  218 

located  by  the  Roengen  rays,  vi. 
988 
Foreskin,  see  Prepuce  and  Circum- 
cision 
Form,  appreciation  of,  viii.  344 
FormacoU,  iv.  346,  374 
Formalbumin,  iv.  246 
Formaldehyde,  iv.  244 

apparatus  for    disinfection   by, 
iii.  503 

as  a  deodorant,  iii.  411 

as  a  disinfectant,  i.  688;  iii.  498, 
502 

as  a  germicide,  iv.  332 

as  a  hardening  agent,  iv.  345 

as  a  fixing  agent,  iv.  345 

as  an  antiseptic,  i.  384 

as  a  preservative,  iv.  245 

compounds  of,  iv.  246 

determination  of,  in  milk,  v.  841 

gelatin,  iv.  374 

machines  for  generating,  vi.  823 

physiological  action  of,  iv.  245 

preparations  of,  iv.  246 

therapeutics  of,  iv.  245 

toxicology  of,  iv.  245 

urea,  iv.  246 
Formalin,  iv.  244,  346 

as  a  food  preservative,  vi.  755 
Formanilid,  iv.  346 
Formatol,  iv.  246 
Formic  acid,  iv.  347 

as  a  germicide,  iv.  333 
Formicidse,  v.  167 
Formin,  iv.  246;  viii.  60 
Formochloral,  iv.  346 
Formoforin,  iv.  346 
Formol,  iv.  344,  246 

as  a  hardening  fluid,  ii.  333 
Formopyrin,  iv.  346 
Formulary,  national,  vi.  587 
Fornix,  ii.  179 

columns  of,  ii.  179 

commissure  of,  ii.  180 

of  the  conjunctiva,  iv.  65 
Fort  Bayard,  vi.  383 
Fort  Crawford  Mineral  Well,  iv. 

347 
Fortoin,  iv.  246,  247 
Fossa,  cubital,  iii.  732 

ischio-rectal,  vi.  564 

navicularis,  viii.  15 

ovalis,  iv.  568 
Fossee,  nasal,  vi.  103 


Fossae  of  .skull,  vii.  234 
Fossores,  v.  167 

Foster's  wick  tampons,  viii.  179 
Fountain    Park    Magnetic 

Springs,  iv.  347 
Four-tailed  bandage  for  fracture 

of  lower  jaw,  v.  352 
Fourth  disease,  viii.  513 
Fourth  nerve,  iii.  325 
Fovea  centralis,  iv.  77 
Fowler's    method    of    treating    in- 
guinal hernia,  iv.  675 
operation  for  syndactylism,  iv. 

495 
pessary,  viii.  66 
solution,  i.  524 

as  a  germicide,  iv.  835 
Foxglove,  iii.  476 
Fracture-box,  iv.  355 
Fractures,  iv.  347 

accompanying  luxation  of   the 

shoulder,  iii.  530 
ambulatory  treatment,  iv.  256 
articular,  iv.  257 
by  direct  violence,  iv.  348 
by  indirect  violence,  iv.  348 
by  muscular  action,  iv.  348 
Bennett's,  iv.  363 
CoUes',  iv.  363 
comminuted,  iv.  348 
complete,  iv.  47 
complications  of,  iv.  351 
compound,  iv.  348,  351 
amputation  in,  i.  336 
treatment  of,  iv.  356 
congenital,  vi.  277 
delayed  union  after,  iv.  353,  256, 

358 
dentate,  iv.  248 
depressed,  iv.  347 
diagnosis,  iv.  251 
differential  diagnosis,  iv.  351 
etiology,  iv.  348 
extension  in  the  treatment  of,  iv. 

264 
faulty  union  after,  iv.  253,  256, 

258 
gangrene  after,  iv.  257 
green-stick,  iv.  257 
gunshot,  iv.  256 
impacted,  iv.  248 
incomplete,  iv.  247 
intercondyloid,  of  humerus,  iv. 

261 
intra-articular,  iv.  253 
longitudinal,  iv.  348 
massage  in  treatment  of,  iv.  256 ; 

V.  698 
multiple,  iv.  348 
objective  signs  of,  iv.  350 
oblique,  iv.  348 
of  the  acetabulum,  i.  60 
of  the  acromion,  iv.  259;  vii.  45 
of  the  ankle,  iv.  268 
of  the  arm,  i.  464 
of  the  base  of  the  skull,  ii.  433 
of  the  calcaneum,  iii.  254 
of  the  carpus,  iv.  363 
of  the  clavicle,  iv.  358 
of  the  coracoid  process,  iv.  359; 

vii.  45 
of  the  coronoid  process,  iv.  262 
of  the  cranium,  iv.  556,  557 
of  the  femur,  iv.  264,  366 

Hodgen's  suspension  splint 
in  the  treatment  of,  iv.  365 
of  the  fibula,  iv.  367 
of  the  fingers,  iv.  364 
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Fractures  of  the  forearm,  i.  464 ;  iv. 
362 
of  the  glenoid  cavity ;  vii.  46 
of  the  humerus,  iv.  360 

with  dislocation,  iv.  360 
of  the  hyoid  bone,  iv.  794 
of  the  larynx,  v.  420 
of  the  lower  jaw,  v.  253 
of  the  malleoli,  iv.  368 
of  the  metacarpal  hones,  iv.  363 
of  the  metatarsal  bones,  iv.  369 
of  the  neck  of  the  femur,  iv.  264 
and  coxa   vara,  differential 

diagnosis  of,  iii.  309 
and  dislocations,  differential 
points,  iii.  534 
of  the  nose,  vi.  123,  396 
of  the  olecranon,  iv.  363 
of  the  orbit,  vi.  408 
of  the  patella,  iv.  266 
of  the  penis,  vii.  176 
of  the  radius,  iv.  263 
of  the  ribs,  iv.  269 
of  the  scapula,  vii.  45;  iv.  359 
of  the  skull,  iv,  556,  557;  ii.  431 
of  the  spine,  vii.  393 
of  the  sternum,  iv.  369 
of  the  surgical  neck  of  the  hu- 

meru.5,  iv.  360 
of  the  temporal  bone,  iii.  689 
of  the  thigh,  iv.  364 

in  children,  iv.  266 
of  the  tibia,  iv.  367 
of  the  toes,  iv.  369 
of  the  trachea,  v.  420 
of  the  ulna,  iv.  363 
of  the  upper  jaw,  v.  247 
pathology,  iv.  348 
Pott's,  iv.  268 
prognosis,  iv.  251 
prophylaxis,  iv.  253 
reduction  of,  iv.  253 
repair  after,  iv.  249 
simple,  iv.  348 
splints  for,  iv.  354 
spontaneous,  iv.  248 
sprain,  v.  390 
subjective  signs  of,  Iv.  249 
symptoms,  iv.  249 
tarsal,  iv.  269 
toothed,  iv.  248 
transverse,  iv.  248 
treatment,  iv.  253 
varieties,  iv.  347 
vicious  union,  treatment  of,  iv 

358 
X-rays  in  diagnosis  of,  iv.  350 
Fraenkel-Gabbet  method  of  stain- 
ing tubercle  bacillus,  viii.  397 
Fraenkel's  modification  of  Libo- 

rius'  tube  for  anaerobes,  viii.  429 
Fragilitas  crinium,  i,  605 

ossium,  vi.  430 
Fragmentation  of  muscle,  vi  29 
Framboesia,  viii.  319 
France,  adulteration   of  foods  and 
drugs  in,  iv.  164 
Pharmacopoeia  in,  vi.  583 
Frangula,  ii.  515 

as  a  laxative,  v.  470 
Frangulin,  ii.  515 
Frankincense,  vi.  855 
Franklinization,  iii.  756 
Franklin  Spring,  iv.  369 
Franklin   theory  of   color  sensa- 
tions, viii.  345 
Franzensbad,  iv,  269 
Fraxin,  i.  670;  v.  692 

800 


Fraxinus,  i.  570 
americana,  i.  570 
excelsior,  i.  570;  v.  693 
ornus,  V.  693 
Freckles,  v.  483 ;  and  see  Lentigo 

summer,  v.  483 
Freezene,  vi.  755 

Freezing  as  a  means  of  purifying 
water,  viii.  377 
death  from,  in  armies,  ii.  618 
Fremitus,  bronchial,  ii.  815 
frictiou,  ii.  815 
vocal,  ii.  815 
French  Lick  Springs,  iv.  370 
Fresh  air,  germicidal  power  of,  iii. 

499 
Freund's  method  of   determining 
preformed  sulphates  in  the  urine, 
viii.  54 
Friar's  balsam,  i.  746 
Friction,  v.  694 

pleuropericardial,  ii.  831 
sounds,  ii.  819 
Friedlander's  instrument  for  count- 
ing leucocytes,  ii.  46 
Friedreich's    hereditary   ataxia, 

vii.  347 
Fright  as  a  cause  of  chorea,  iii.  44 
expression  of,  by  the  hand,  iv. 
488 
Frog,  circulatory  system  in,  iii.  95 

histological  study  of,  iv.  703 
Frog  plates,  iv.  703 
Frohde's  reagent,  vi,  391 
Frontal  lobes,  injury  to,  ii.  312 

tumors  of,  ii.  447 
Frontal  sinuses,  iv.  270;   vi.   104; 
vii.  234 
anatomy  of,  iv.  370 ;  vii.  334 
diseases  and  injuries  of,  iv.  370 
empyema  of,  iv.  273 
foreign  bodies  in,  iv.  374 
inflammation  of,  iv.  371 
injuries  of,  iv.  274 
insects  in,  iv.  374 
measurements  of,  viii.  340 
mucocele  of,  iv.  273 
new  growths  in,  iv.  374 
osteoma  of,  iv.  375 
sarcomata  of,  iv.  275 
tumors  of,  iv.  274 
Frontalis  muscle,  anomalies  of,  vi. 

43 
Fronto-marginal  fissure,  ii.  193 

gyre,  ii.  193 
Frost-bite,  iii.  417 

of  the  auricle,  iii.  607 
of  the  fingers,  iv.  502 
Frost-Lang  operation,  viii.  446 
Frozen  parts,  characteristic  signs 

of,  iii.  417 
Fructose  in  urine,  viii.  42 
Fructosuria,  viii.  42 
Fruit  as  food  for  invalids,  iii.  456 
amount  allowed  in  army  rations 

V.  799 
Bael,  i.  721 
poisonous,  vi.  699 
Fry's  Mineral  Spring,  iv.  275 
Fucus  vesioulosus,  i.  799 
Fuel  for  heating  houses,  iv.  758 

gas,  ii.  663 
Fulminate  of  mercury,  vii.  911 
Fulminate  powder,  iv  430 
Fulton  "Wells,  iv.  375 
Fumaria  officinalis,  iv.  375 
Fumaric  acid,  iv.  275 
Fumarine,  iv.  275 


Fumes,  noxious,  effect  of,  vi.  326 
Fumigation  as  a  means  of  medica- 
tion, v.  735 
by  calomel,  v.  752,  756 
Fumitory,  iv.  275 
Functional  murmurs,  ii.  823 

characteristics  of,  ii.  835 
Functionless  areas  of  the  brain 
ii.  311  ' 

Fungi,  algal,  iv.  378 

as  food  for  invalids,  iii.  456 
aural,  iii.  615 
basidial  spore,  iv.  382 
cup-,  iv.  381 

economic  importance  of,  iy  277 
edible,  iv.  375 
poups  of,  iv.  377 
imperfecti,  iv.  283 
mould,  i.  730 
poisonous,  iv.  375 
reproduction  of,  iv.  276 
rust,  iv.  282 
spore-sac,  iv.  379 
structure  of,  iv.  275 
Fungous     growths     in    auditory 
meatus  in  chronic  purulent  otitis 
iii.  639 
Fungous  ulcer,  vii.  430 
Fungus  chirurgorum,  vii.  431 
favus,  i.  720 
secalis,  iv.  1 
Funic  souffle,  iv.  342 
Funis,  see  Umbilical  cord 
Funnel  chest,  ii.  806 
Funnel,    double-walled    hot-water, 
viii.  373 
single- walled  hot- water,  viii.  373 
Fiirbringer's  method  of  hand  ster- 
ilization, i.  566 
Furfttrol  reaction  for  carbohydrates 

in  urine,  viii.  38 
Furnace  for  heating  houses,  iy.  759 

gas,  ii.  664 
Furuncle,  i.  49;  ii.  113 

caused  by  drugs,  iii.  432 
in  external  auditory  canal,  iii, 
618 
Furunculosis,  1.  49;  ii.  114 

in  diabetes  mellitus,  iii.  429 
Fusaria  mystax,  vi.  323 
vermicularis,  vi.  323 
Fused  nitrate  of  silver,  vii.  315 
Fusel  oil,  1.  169 

as  an  adulterant  of  liquors,  iv. 
177 
Fusion  calorimeter,  ii.  561 

Gaboon  ulcer,  vii.  944 
Gad-flies,  v.  165 
Gadinin,  ptoraain,  vi.  790 
Gadus,  iii.  165 

morrhua,  iii.  165 
Gaertner's  tonometer,  vi.  803 
Gaiaform,  iv.  338 
Gainesville  (G a.)  Mineral 

Springs,  iv.  286 
Gairal's      ' '  aerophore      pulmo- 

nique,"  iv.  142 
Gait  in  insanity,  v.  59 
Galactagogues,  iv.  387 
Galactocele,  ii.  475;  iii.  351 
Galacturia,  iii.  81 
Galanga,  iv.  388 
Galangal,  iv.  288 
lesser,  iv.  288 
Galbanum,  iv.  388 
Galbiati's     symphyseotomy 

knife,  vi.  315 
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Galbraith  Springs,  iv.  388 
Galen,  bamiagc  of,  i.  728 
Galen's  vein,  ii.  256 
Galeodidee,  v.  IBO 
Galipea  Cusparia,  i.  357 
Galipine,  i.  357 
Galipinine,  i.  357 
Galipot,  vii.  913 
Galla,  vi.  306 

halapensis,  vl.  306 
levantlca,  vi.  306 
quercina,  vi.  306 
tinctoiia,  vi.  306 
turcica,  vi.  306 
Gallacetophenone,  iv.  289 
Gallanilid,  iv.  289 
Gallanol,  iv.  289 
Gall  bladder,  v.  537 
abscess  of,  iv.  295 
absence  of,  iv.  298 
and  gall-duots,  diseases  of,  Iv. 

289 
cancer  of,  i.  28 ;  iv.  296 

relation  of,  to  gall-stones,  iv. 
297 
catarrhal  inflammation  of ,  iv.  389 
congenital  defects  of,  iv.  298 
cyst-like  dilatation  of,  iii.  350 
distoma  in,  iv.  298 
empyema  of,  iv.  395 
enlargement  of  the,  iv.  395 
foreign  bodies  in,  iv.  294 
inflammation  of,  iv.  289 
measurements  of,  viii.  239 
morbid  growths  of,  iv.  296 
operations  on,  v.  559 
parasites  in,  iv.  298 
purulent,  ulcerative,  and  croup- 
ous inflammation  of,  iv.  293 
tumors  of,  i.  38 
Gall  ducts,  cancer  of,  iv.  297 

catarrhal  inflammation  of,  iv.  289 
congenital  closure  of,  iv.  295 

defects  of,  iv.  398 
diseases  of,  iv.  389 
echinococcus  in,  iv.  398 
foreign  bodies  in,  iv.  294 
hydatid  disease  of,  iv.  298 
occlusion  of,  iv.  293 
parasites  in,  iv.  398 
purulent,  ulcerative,  and  croup- 
ous inflammation  of,  iv.  393 
stenosis  and  occlusion  of,  iv.  393 
tumors  of,  iv.  296 
worms  in,  iv.  298 
Gall,  ox,  iv.  299 

purified,  iv.  299 
Gall  stones,  i.  755;  iii.  228;  iv.  294 
diet  for,  iii.  463 
etiology,  i.  755;  iii.  230 
formation  of,  iii.  230 
relation  of,  to  carcinoma  of  gall 

bladder,  iv.  297 
varieties  of,  iii.  239 
Gallic  acid,  iv.  399 

germicidal  action  of,  iv.  333 
Gallicin,  iv.  299 
Gallobromol,  iv.  399 
Galloformin,  iv.  346,  299 
Gallon,  fixed  standard  of,  viii.  397 
Gallotannic  acid,  vii.  636 
Galls,  see  Nutgall,  vi.  306 

production  of,  upon  plants,  iv. 
31 
Gallus  bankiva  domesticus,  iii. 

737 
Galton's    standard   scheme  of  de- 
scent, iv.  640 
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Galton's  whistle,  iii,  661 
Galvanism,  iii.  757 
in  insanity,  v.  73 
tlierapeutic  effects  of,  iii.  757 
Galvanized  pipes  and  utensils, 

zinc  poisoning  due  to,  viii.  340 
Galvano-cautery,   use  of  in  intu- 

mescent  rhinitis,  vi.  118 
Galvano-puncture  in  the  treatment 

of  aneurism,  i.  333 
Gamasidse,  i.  434 
Gamboge,  iv.  300 

action  and  uses,  iv.  300 
as  a  purgative,  vi.  812 
cake,  iv.  300 
in  sorts,  iv.  300 
pipe,  iv.  300 
purse,  iv.  300 
Saigon,  iv.  800 
Gambogic  acid,  iv.  300 
Gamma  rays,  viii.  549 
Gammacism,  vii.  435 
Ganglia,  cardiac,  vii.  578 
cervical,  vii.  575 
cystic,  i.  469 
extirpation  of,  for  neuralgia,  vi. 

346 
Gasserian,  removal  of  the,  iv.  308 
histology  of,  vii.  579 
inferior  cervical,  vii.  574 
lower  cervical,  vii.  576 
middle  cervical,  vii.  576 
nerve  fibres  of  the,  vii.  580 
of  Scarpa,  i.  631 
periosteal,  i.  46 
semilunar,  vii.  578 

pathology  of,  vii.  109 
solar,  vii.  578 
superior  cervical,  vii.  575 
terminal  monocellular,  vii.  574 
upper  cervical,  vii.  575 
vestibular,  i.  631 
Ganglion,  i.   469;  ii.   538;  and  see 

BurscE  {Surgical) 
Ganglionated  cords,  vii.  573,  575 
anatomy  of,  vii.  575 
cervical  part,  vii.  575 
lumbar  part,  vii.  576 
sacral  part,  vii.  577 
thoracic  part,  vii.  577 
Gangosa,  viii,  514,  665 
Gangrene  and  contusion   differen- 
tially diagnosed,  iii.  373 
black,  iv.  301;  vi.  204 
caused  by  drugs,  iii.  433 
cold,  iv.  301 ;  vi.  304 
complicating  fracture,  iv.  357 
diabetic,  iii.  429;  iv.  302,  306 
diphtheritic,  iv.  307 
dry,  iv.  301,  305;  vi.  304 

symmetrical,  v.  698 
due  to  carbolic  acid,  vi.  303,  308 
to  infections,  iv.  307 
to  Xrays,  iv.  303 
emphysematous,    iv.     303;    vi. 

204 ;  and  see  Phlegmon 
etiology,  iv.  304 
foudroyante,  iv.  303 
hospital,  iv.  303,  808 
hot,  vi.  204 
liysterical,  iv.  303 
idiopathic,  iv.  303 
in  children  (noma),  iv.  307 
moist,  iv.  805;  vi.  204 
multiple,  iv.  302 

spontaneous,  iv.  303 
neonatorum,  vi.  280 
neuropathic,  iv.  303 ;  vi.  204 


Gangrene  of  the  auricle,  iii.  607 
of  tliG  lungs,  V.  590;  vii.  755 
of  the  ojsophagus,  vi.  339 
of  the  pancreas,  iv.  303;  vi.  473; 

and  see  Pancreas,  necrosis  of 
of  the  penis,  vii.  176 
of  the  prepuce,  i,  722 
of  the  testicle,  vii.  180 
pathology,  iv.  800,  304 
per  decubitum,  i.  740 
primary,  iv.  300 
putrid,  vi.  204 
relapsing,  iv.  306 
secondary,  iv.  800 
senile,  iv,  302,  306 
sequelfe,  iv,  303 
spontaneous,  ii,  100 ;  iv.  803 
spreading  traumatic,  iv.  308 
surgical,  iv.  304 
symmetrical,  iv.  306;  v.  698;  vi.. 

483 ;  see  Eaynaud's  disease 
toxic,  iv.  803 
traumatic,  iv.  303 
varieties,  iv.  303  j 

warm,  iv.  301 
white,  iv.  301 ;  vi.  204 
Gaping,  viii.  318 
Garbage  carbonizer,  vi.  878 
cart  for,  vi.  877 
collection  of,  vi.  877 
destructor,  vi.  882 
disposal  of,  vi.  878 
Merz  apparatus  for  reduction  of, 
vi.  880 
Garcinia  Hanburii,  iv,  800 
Garget  a  cause    of    unwholesome 

milk,  V.  835 
Gargling,  v.  733 
Garlic,  iv.  308 
Garotting,  signs  of  death  from,  i. 

673;  vii.  535 
Garou,  v.  790 
Garrison  rations,  v.  799 
GarrSt,  Morel's,  i.  239 
Gas,  air,  ii,  664 

a  nuisance,  remedies  lor,  vi.  333 
coal,  ii.  663 

and  water  compared  in  dead- 
ly effect,  i.  154 
cysts,  iii.  349 
fuel,  ii.  663 
furnace,  ii.  664 
illuminating,  ii.  663 
in  the  blood  plasma,  ii.  35 
in  the  peritoneal  cavity,  diagno- 
sis of,  i.  34 
natural,  ii.  664 
noxious,  effects  of,  vi.  336 
oil,  ii.  664 
water,  ii.  664 
Gas  chamber,  Strieker's,  iv.  705 
Gas  phlegmon,  vi.  611 
Gas-works,  regulation  of,  vi.  332 
Gasserian-ganglion  operation  for 
tic  doloureux,  vi.  246 
operative  removal    of    the,   iv. 
308 
Gastein,  iv.  809 
Gasteromycetes,  iv,  286 
Gastrffia,   theory   of  Haeckel  con- 
cerning, iv.  813 
Gastralgia,  vi.  248 ;  vii,  504 

and  intestinal  colic,  diagnosis  of, 

iii.  197 
etiology,  vi.  248        __ 
treatment,  vi.  348;  vu.  504 
Gastrectomy,  vii.  487 
Gastric  colic,  vi.  348 
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Gastric  disease,   dyspnoRa  in,  iii. 

580 
Gastric  glands,  secretion  of,  vii. 

95 
Gastric  juice,  iv.  310 

secretion  of,   effect  of  disturb- 
ances of  metabolism  on, 
V.  773 
effect  of  sympathetic    ner- 
vous system  on,  vii.  583 
Gastric  tonics,  vii.  805 
Gastric  ulcer,  vii.  510 
diagnosis,  vii.  512 
etiology,  vii.  510 
morbid  anatomy,  vii.  510 
pathogenesis,  vii.  510 
statistics,  vii.  510 
symptoms,  vii.  511 
treatment,  vii.  512 
Oastritis,  vii.  605 
acute,  vii.  505 

course,  vii.  506 
definition,  vii.  505 
diagnosis,  vii.  506 
diet  in,  iii.  457 
etiology,  vii.  505 
morbid  anatomy,  vii.  505 
primary,  vii.  505 
prognosis,  vii.  506 
secondary,  vii.  505 
symptoms,  vii.  506 
treatment,  vii.  506 
chronic,  vii.  507 

and  carcinoma  of  the  stom- 
ach, differential  diagnosis 
of,  vii.  508 
course,  vii.  508 
diagnosis,  vii.  508 
diet  in,  iii.  457 
etiology,  vii.  507 
morbid  anatomy,  vii.  507 
primary,  vii.  507 
prognosis,  vii.  509 
secondary,  vii.  507 
symptoms,  vii.  508 
treatment,  vii.  509 
interstitial  purulent,  vii.  507 
phlegmonous,  vii.  507 
diagnosis,  vii.  507 
etiology,  vii.  507 
morbid  anatomy,  vii.  507 
symptoms,  vii.  "507 
treatment,  vii.  507 
toxic,  severe,  vii.  506 
diagnosis,  vii.  507 
morbid  anatomy,  vii.  507 
symptoms,  vii.  506 
treatment,  vii.  507 
Gastrocnemius  muscle,  vi.  480 

anomalies  of,  vi.  58 
Gastrodiscus  hominis,  vii.  865 
Gastro-duodenostomy,  vii.  486 
Gastrodynia,  vi.  248 
Gastro-enterostomy,  vii.  482 
Gastro-gastrostomy,  vii.  486 
Gastro-intestinal    canal,    poisons 
of,  i.  648 
Injuries  to,  i.  18 
tract,    auto-intoxications   of    i 
642 
Gastro-jejunostomy,  vii.  482 
Gastrolysis,  vii.  479 
Gastropexy,  vii.  479 
Gastroplasty,  vii.  486 
Gastroplegia,  vii.  503 
Gastroplication,  vii.  479 
Gastroptosis,  vii.  538,  535;  and  see 
Enteroptosia 


Gastrorrhaphy,  vii.  478 
Gastroschisis,  vii.  708 
Gastrostomy,  vii.  480 
Gastro-succorrhoea,  vii.  501 
Gastrotomy,  vii.  480 
Gastrula,  iv.  311 
Gaultherase,  an  enzyme,  iii.  843 
Gaultheria,  viii.  313 
oil  of,  viii.  313 
procumbens,  viii.  313 
Gaultherilene,  viii.  313 
Gautier  and   Etard's  base,   pto- 

main,  vi.  788,  789 
Gautier  and  Morgnes'  base,  pto- 

raai'n,  vi.  789 
Gauze  as  a  dressing,  iii.  555 

iodoformized,  v.  307 
Gavage,  iv.  867 
Gaylord     and     Gulick    Slineral 

Springs,  iv.  314 
Geaster,  iv.  286 
Gehrung's  pessary,  viii.  68 
Geissospermine,  iv.  314 
Geissospermum,  iv.  814 
l£eve,  iv.  314 
vellosii,  iv.  814 
Gelanthum,  iii.  719 
Gelatin,  iv.  314 

as  an  antidote,  i.  371 
as  culture  medium,  viii.  409 
explosive,  vii.  910 
formaldehyde,  iv.  374 
in  cream,  detection  of,  v.  840 
shredded,  iv.  314 
urine  culture  medium,  viii.   416 
Gelatinum,  iv.  314 
Gelatose,  iv.  314 
Gelle's  test  for  hearing,  iii.  661 
Gelsemine,  iv.  314,  315 
Gelseminic  acid,  iv.  315 
Gelseminine,  iv.  314,  315 
Gelsemium,  iv.  314 

action  and  use,  iv.  315 
administration,  iv.  315 
composition,  iv.  314 
description,  iv.  314 
poisoning  by,  iv.  315 
sempervirens,  iv.  314 
Gemelli's  method  of  staining  fla- 

gella,  viii.  398 
Gemellus  inferior  muscle,  anom- 
alies of,  vi.  56 
Gemellus  superior  muscle,  anom- 
alies of,  vi.  56 
Gemmules,  vi.  335 
General  paralysis  of  the  insane. 
V.  86  ' 

definition,  v.  86 
diagnosis,  v.  91 
etiology,  v.  86 
exciting  causes,  v.  87 
pathology,  v.  92 
predisposing  causes,  v.  86 
prognosis,  v.  88,  92 
symptoms,  v.  88 

mental,  v.  89,  90 
sensory,  v.  90 
treatment,  v.  93 
Generatio  sequivooa,  i.  677 
Generation,  spontaneous,  i.  677 
Genetic  selection,  iv.  35 
Geneva  convention,   articles  con- 
cerning marine,  iv.  789 
Geneva  Lithia  Springs,  iv.  316 
Genio-hyo-glossus  muscle,  anom- 
alies of,  vi.  47 
Genio-hyoid  muscle,  anomalies  of. 
VI.  47 


Genital  eminence,  iv.  820 
fold,  iv.  330 
groove,  iv.  320 
Genital  organs,  condyloma  of,  iii. 
337 
cysts  of,  iii.  351 
eczema  of  the,  iii.  724 

in  diabetes  mellitus,  iii.  439 
elephantiasis  of,  iii.  783 
embryology  of,  iv.  316 
female,  anatomy  of,  vii.  147 
disorders  of,  in  pregnancy, 

iv.  847 
effect  of  castration  on,  ii.  715 
examination    of,    in     preg- 
nancy, iv.  342 
injuries  to,  followed  by  leu- 

corrhoea,  v.  495 
lymphatics  of,  v.  637 
malignant    disease    of,   ac- 
companied by  leucorrhoea, 
V.496 
medication  of  mucous  mem- 
brane of,  V.  734 
operations  on,   followed  by 

leucorrhoea,  v.  495 
source  of    peritonitis,    viii. 
499 
lupus  of  the,  V.  614 
male,  iv.  316 

anatomy  of,  iv.  323 
development  of,  iv.  316,  319 
diseases  of,  vii.  173 
lymphatics  of,  v,  686 
Genital  ridge,  iv.  330 ;  vi.  449 
Genito-urinary  diseases,  chronic, 
climate  suitable  for,  iv.  565 
methylene  blue  in,  v.  782 
Genito-urinary    surgery,  cocaine 

in,  iii.  160 
Genito-urinary   system,  changes 
in,  in  myelogenous  leukaemia,  v. 
500 
Genito-urinary  tract,  in  cretinism. 
iv.  394 
mixed  tumors  of,  vii.  909 
Gentian,  iv.  337 

action  and  use,  iv.  327 
administration,  iv.  338 
and  chirata  compared,  ii.  835 
composition,  iv.  327 
description,  iv.  327 
family,  iv.  328 

violet,  preparation  of,  viii.  396 
carbolic,  preparation  of,  viii. 
396 
yellow,  iv.  337 
Gentiana,  iv.  327. 

lutea,  iv.  327 
Gentianacese,  iv.  328 
Gentianin,  iv.  338 
Gentianose,  iv.  327 
Gentiogenin,  iv.  337 
Gentiopicrin,  iv.  337,  328 
Gentisic  acid,  iv.  337,  338 
Genu    recurvatum,   congenital,  iv. 
698 
valgum,  V.  873 
varum,  ii.  134 
Geoform,  iv.  246,  328 
Geographical  distribution  of  ani- 
mals and  plants,  evidence  of  evo- 
lution, iv.  30 
Georgia,  history  of  yellow  fever  in, 
viii.  587 
requirement  for  medical  practice 
in,  iv.  48 
Oeosote,  iv.  425 
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Geraniol,  vi.  1000 
Oeranium,  iv.  328 

maculatum;  iv.  328 

wild,  Iv.  838 
Gerhardt's  test  for  diacetic  acid,  1. 

66 ;  vili.  49 
Germ,  1.  758 
Germ  cells,  vi.  864 

cycle  of,  vl.  864 

in  impregnation,  Iv.  847 
Germ  layers,  Iv.  337 
Germ  nuclei,  fission  of,  iv.  849 
Germ  theory  of  the  origin  of  car- 
cinoma, il.  678 
German  measles,  Iv.  994;  and  see 

Roetheln 
Germander,  V.  379 
Germany,    drugs,  adulteration  of, 
in,  iv.  165 
inspection  of,  In,  Iv.  177 

food,  adulteration  of.  In,  iv.  165 

Pharmacopoeia  In,  vl.  683 
Germicides,  Iv.  339 

heat  used  as,  Iv.  634 
Germinal  disc,  1.  440 
Germinal  epithelium,  vl.  449 
Germinal  spot,  vl.  448 
Germ.inal  vesicle,  vl.  448 
Gerontoxon,  1.  440;  and  see  Arcus 


Gersuny's    operation    for  saddle 

nose,  vl.  134 
Gestation,  Iv.  338;  see  also  Preg- 
nancy 

diagnosis  of,  iv.  341 

differential  diagnosis  of,  Iv.  343 

duration  of,  Iv.  343 

extra-uterine,  iv.  54 

hygiene  of,  iv.  344 

management  of,  Iv.  344 

modifications  of,  iv.  338 

multiple,  Iv.  341 

pathology  of,  iv.  344 
Gettysburg  Spring's,  iv.  349 
Geuda  Springs,  Iv.  349 
Geum,  i.  674 

rivale,  1.  674 

urbanum,  1.  674 

virginlanum,  1.  675 
Giant-cell  sarcoma,  vli.  34 
Giant-cells,  Iv.  350 
Giants,  vii.  673 ;  vili.  514 
Gibraltar,  roclc  fever  of,  v.  685 
Gigantism,  i.  95;  vlll.  514 

and  acromegaly,  vili.  520 

differential  diagnosis,  1.  95 

general,  vili.  514 

hand  in,  Iv.   500 

heredity  in,  vlll.  531 

symptomatic,  vlii.  515 

true,  vili.  515 
Gigantorhynchus  gigas,  vi.  334 

moniliformis,  vi.  325 
Gigartina  mamillosa,  vi.  1 
Gihon's  stretcher,  vi.  188 
Gila  monster,  vi.  717 
Gilead,  balm  of,  1.  734 
Gillenia,  v.  313 

stlpulacea,  v.  313 

trlfollata,  v.  312 
Gillenin,  v.  213 
Gilroy  Hot  Springs,  iv.  351 
Gilson's  fluid,  Iv.  709 
Gimbernat's  ligament,  1.  3 
Gin,  1.  169;  v.  399 

artificial,  v,  399 
Gin-driiiker's  liver,  v.  544 
Ginger,  Iv.  351 
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Ginger,  oil  of,  Iv.  353 
Jamaica,  iv.  353 
wild,  vli.  254 
Ginger-tea,  iv.  353 
Gingerol,  iv.  353 
Gingivitis  In  pregnancy,  iv.  346 

phagedenic,  vlll.  580 
Ginseng,  iv.  358 
Glabella,  vli.  329 
Glacial  acetic  acid,  1.  65 
Gland  or  glands,  absorbent,  v.  656 
accessory  thyroid,  vii.  775 
acid,  of  the  stomach,  vii.  463 
adrenal,  1.  137 
agminated,  v.  186 
axillary,  vii.  309 
Bartholin's,  1.  734 

cysts  of,  iii.  351 
blood  of  the,  11.  37 
bronchial,  11.  489 
Brunner's,  v.  184 
cardiac,  of  the  stomach,  vli,  463 
carotid,  vili.  411 
ceruminal,  1.  636 
cervical,  vi.  198 
conglobate,  v.  656 
Cowper's,  Hi.  305;  Iv.  327 
fundus,    of    the    stomach,    vii. 

463 
gastric,  vU.  463 

secretion  of  the,  vii.  95 
hsemolymph,  iv.  466;  v.  657 
Intestinal,  v.  182 
lachrymal,  affections  of  the,  v. 
394 

cyst  of,  V.  395 

hypertrophy  of,  v.  394 

Inflammation  of,  v.  394 

luxation  of,  v.  394 

neuralgia  of,  v.  394 

tumors  of,  v.  395 
lymphatic,  v.  656 
mammary,  In  the  female,  11.  461 ; 
and  see  Mamma 

secretion  in,  of  the,  vli.  101 
marrow-lymph,  iv.  470 
Meibomian,  vlii.  559 
Montgomery's,    Increase   of,   in 

pregnancy,  11.  469 ;  iv.  340 
myxoma  of,  vi.  89 
of  Lieberkiihn,  v.  183 
of  the  groin,  vii.  736 
of  the  neck,  excision  of,  v.  669 
of  the  skin,  vili.  556 
of  the  urethra,  vili.  15 
of  Tyson,  vili.  559 
pancreatic,  secretion  in  the,  vii. 

93,  104 
parathyroid,  Iv.  379 
parotid,  vl.  198;  vii.  90 
Peyer's,  v.  186 
pineal,  ii.  166 
pituitary,  vi.  639 
prostate,  vi.  757 

pyloric,  of  the  stomach,  vii.  463 
reproductive,  secretion   in    the, 

vii.  104 
salivary,  vii.  90 

secretion  In  the,  vii.  90 
sebaceous,  vili.  678 

secretion  in  the,  vli.  100 
splenolymph,  iv.  469 
submaxillary,  vl.  198 
supraclavicular.  In  carcinoma  of 

the  breast,  11.  633 
sweat,  vili.  676 

secretion  in  the.  vli.  100 
thymus,  vii.  766;  vlii.  568 


Gland  or  glands,  thyroid,  iv.  377- 
vii.  770;  viii.  571 
internal  secretion  in  the,  vli. 
101 
Tyson's,  vlll.  559 
vulvo-vaginal,  vii,  170 
Glanders,  Iv.  353 ;  vi.  126 
acute,  iv.  355 
anatomical      and     pathological 

characteristics,  vi.  136 
as  a  cause  of  stenosis  of  larynx, 
V.  440  .       •'     ' 

bacillus  of,  1.  717,  719 
chronic,  Iv.  355 
diagnosis,  Iv.  360;  vl.  127 
etiology,  vi.  136 
in  animals,  iv.  353 ;  viii.  332 
acute,  iv.  353 
and  public  health,  vlll.  333 
chronic,  iv.  353 
diagnosis,  viii.  233 
mallein  test  for,  viii.  233 
treatment,  vili.  333 
of  the  pharynx,  vi.  598 
prognosis,  vl.  127 
symptomatology,  vi.  126 
synonyms,  vi,  126 
treatment,  Iv.  360;  vi.  127 
Glandular  epithelium,  iii.  856 
Glandular  fever,  viii.  525 
Glans  penis,  condyloma  of,  iii.  337 
strangulation  of,  in  paraphimo- 
sis, vii.  174 
Glass  benches  and  culture  slides, 

viii.  387 
Glass-blower's  mouth,  vi.  331 
Glasses,  see  Spectacles 
"  Glatten,"  ventilation  of  the,  vi. 

165 
Glauber's  salt,  vii.  357 

as  a  purgative,  vi.  811 
Glaucoma,  11.  11 ;  iv.  361 
absolute,  Iv.  364 
acute  Inflammatory,  iv.  363 

simple,  iv.  361 
as  a  cause  of  blindness,  11.  11 
chronic  inflammatory,  iv.  363 

simple,  iv.  361 
fulminans,  iv.  363 
hemorrhagic,  iv.  364 
Iridectomy  in,  v.  215 
pathological  anatomy  of,  iv.  365 
pathology  of,  iv.  361 
primary,  Iv.  361 
prognosis  of,  iv.  367 
relative  frequency  of  the  forms 

of,  iv.  364 
secondary,  Iv.  364 

Iridectomj'  in,  v.  315 
subacute,  Iv.  363 
theories  of,  iv.  365 
treatment  of,  Iv.  367 
varieties  of,  iv.  361 
Gleason's  operation,  vi.  136 
Glechoma,  v.  379 

hederacea,  v.  879 
Glen  Alpine  Mineral  Springs,  iv. 

368 
Glen  Alpine  Springs,  iv.  368 
Glenard's  disease,  v.  330 ;  vii.  523; 

vili.  486 
Glen  Springs,  iv.  368 
Glen  Summit  Springs,  iv.  369 
Glenn  Spring,  iv.  370 
Glenn  Springs,  iv,  370 
Glenola  Springs,  iv.  870 
Glenwood  Springs,  iv.  870 
Glioma,  iv.  371 ;  vii.  907 
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Glioma  of  the  brain,  diagnosis  of,  ii. 
450 
of  tlie  optic  nerve,  iv.  114 
of  tlie  retina,  iv.  113 

endophytum,  iv.  113 
exophytum,  iv.  113 
teleangiectodes,  iv.  871 
Gliosarcoma,  iv.  373 
Gliosis,  iv.  372 
Globe  receiver  for  filling  media  into 

tubes,  viii.  379 
Globulimeter  of  Mantegazza,  ii.  49 
Globulins  of  plasma,  ii.  35 
Globulysis,  viii.  539 
Globus  hystericus,  iv.  833 ;  vii.  836 
Glomerulitis,  desquamative,  v.  332 

proliferative,  v.  333 
Glomerulus,  v.  310 

functions  of  the,  vii.  98 
Glouoin,   vi.   393;    and  see  Nitro- 
glycerin 
Glonolobus  condurango,  iii.  236 
Glossiphonia  granulosa,  iv.  703 
Glosso-labio-laryngeal    paraly- 
sis, vi.  66 
Glosso-pharyngeal  nerve,  iii.  318 
Glossoplegia,  iv.  834;  vii.  794 
Glossy  skin,  iv.  530 
Glottis,  V.  406 

cedema  of,  v.  413 ;  and  see  Laryn- 
gitis, oidemcctous 
spasm  of,  V.  439 
Gloves  for  soldiei's,  v.  796 

use  of,  in  surgery,  iv.  373 
Glucin,  iv.  374 

Glucose,  adulteration  by,  iv.  176 
in  urine,  viii.  38 

tests  for,  viii.  39,  41 
Glucosides,  Dragendorfif's   method 
of  detecting,  vi.  733 
drugs  depending  upon,  for  their 

activity,  i.  103 
in  plants,  i.  103 

substances  incompatible  with,  i. 
103 
Glue-making,  regulations  for,  vi. 

333 
Gluside,  vii.  1 

Gluteus  maximus,  anomalies  of,  vi. 
55 
medius,  anomalies  of,  vi.  55 
minimus,  accessory,  vi.  56 

anomalies  of,  vi.  56 
quartus,  vi.  ,56 
Glutoid  capsules,  iv.  374 
Glutol,  iv.  374 
Glycerin,  iv.  374 
distilled,  iv.  374 
germicidal  action  of,  iv.  333 
mounting  in,  iv.  737 
Price's,  iv.  374 

refining  of,  regulations  for,  vi. 
333 
Glycerites,  iv.  374;  v.  736 
of  carbolic  acid,  ii.  658 
of  starch,  vii.  441 
of  tannic  acid,  vii.  637 
of  yolk  of  egg,  iii.  727 
Glyceroformol,  iv.  346 
Glyceryl  borate,  ii.  130 
Glycine,  i.  754 
Glyoocine,  i.  754 
GlycocoUs,  i.  68,  754 

compound,  in  urine,  viii.  46,  47 
Glycoform,  iv.  374 
Glycoformal,  iv.  346 
Glycogen  deposit,  iii.  397 
in  cells,  iii.  396 
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Glycogen  in  plasma,  ii.  36 
in  urine,  viii.  43 

tests  for,  viii.  43 
Glycogenosis,  v.  563 
Glycogenic  function  of  the  liver, 

V.  563 
Glyconin,  iii.  727 
Glycosolveol,  i,  370 
Glycosolvol,  iv.  374 
Glycosuria,   iii.  428;   viii.  38;  see 
also  Diabetes  melUtus 
alimentary,  iii.  428 
causes,  iii.  428 
in  insanity,  v.  40 
phloridzin,  viii.  39 
retinitis  in,  vi.  957 
sympathetic    system,    influence 

of,  in  production  of,  vii.  584 
temporary,  iii.  428 
Glycozone,  iv.  787 
Glycuronates  in  urine,  viii.  45 
Glycuronic  acid  in  the  urine,  viii. 

46 

Glycyrrhetin,  v.  518 

Glycyrrhiza,  v.  517 

glabra,  v.  517 

glandulifera,  v.  517 

Glycyrrhizin,  v.  518 

ammoniated,  v.  518 
Gmelin's  test  for  bile    pigments, 
viii.  50 
for  bilirubin,  v.  245 
Gnatbobdellidee,  iv.  701 
Gnathostoma  siamense,  vi.  310 
Gnatbostomidee,  vi.  310 
Gnats,  buffalo,  v.  164 
Goa,  iii.  75 

powder,  iii.  75 
Goat,  hsemolymph  glands  of,  iv.  468 

milk  of,  V.  836 
Godbold  Mineral  Well,  iv.  374 
Goerbersdorf,  iv.  375 
Goffe's  operation  for  vesico-vaginal 
cystocele,  viii.  159 
for    vesico-vaginal    fistula, 
viii.  176 
speculum,  viii.  176 
Goitre,  iv.  376;  and  see  Cretinism 
and  Thyroid 
anatomy,  iv.  377 
and  cretinism,  iv.  389 
benign,  iv.  381 
colloid,  iv.  383 
complications,  iv.  387 
congenital,  iv.  381 
cystic,  iv.  383 

etiology  of  endemic,  iv.  379 
exophthalmic,  viii.  494 

an  auto-intoxication,  i.  646 
course  of  the  disease,    viii. 

499 
etiology,  viii.  498 
pathology,  viii.  496 
prognosis,  viii.  499 
symptoms,  viii.  495 
synonyms,  viii.  494 
thymus  extract  in,  vi.  413 
thyroid    medication  in,   vi 

411 
treatment,  viii.  499 
fibrous,  iv.  383 

geographical  distribution  of  en- 
demic, iv.  879 
historical  note,  iv.  377 
malignant,  iv.  387 
morbid  anatomy,  iv.  384 
plongeant,  iv.  385 
retropharyngeal,  iv.  885 


Goitre,  submaxillary,  iv.  385 
surgical,  iv.  396 

choice  of  an  ansesthetic,  iv. 

397 
enucleation,  iv.  397 
exothyropexy,  iv.  397 
incision,  iv.  397 
injection,  iv.  396 
ligation  of  thyroid  arteries, 

iv.  397 
resection,  iv.  397 
I'esectjon,  partial,  iv.  897 
symptomatology  and  diagnosis, 

iv.  885 
synonyms,  iv.  376 
thymus  extract  in,  vi.  413 
thyroid  medication  in,  vi.  411 
treatment,  iv.  887 
vascular,  iv.  384 
waxy,  iv.  383 
Gold,  iv.  397 

Gold-leaf  electrodes,  iv.  706 
Gold  thread,  iv.  898 
Golden  seal,  iv.  774 
Golgi's  method  of  staining  nerve 

tissues,  ii.  325 ;  vii.  312 
GoU,  columns  of,  vii.  397 
Gonion,  vii.  339 
Gonocoecus,  i.  709;  iv.  398 

examination  for,  iv.  399 ;  viii.  400 
in  purulent    conjunctivitis,    iii. 

241 
metastasis  of,  viii.  525 
toxins  of,  i.  710 
Gonocyte,  vi.  864 
Gonorrhoea,  iv.  398;  viii.  535 
abortive  treatment  of,  iv.  400 
affecting  hands  and  fingers,  iv. 

507 
as  a  cause  of  peritonitis,  viii.  526, 

528 
as  a  cause  of  salpingitis,  iv.  135 
bacteriological    diagnosis,     viii. 

441 
balanitis  in,  iv.  401 
bubo  following,  ii.  500 
causes  and  nature  of,  iv.  398 
chordee  in,  iv.  398 
chronic,  iv.  403 
complications  of,  iv.  401 
Cowperitis  in,  iv.  401 
cystitis  in,  iv.  402 
diagnosis  of,  iv.  398 
endocarditis  in,  viii.  526 
epididymitis  in,  iv.  401 
folliculitis  in,  iv.  401 
generalized,  viii.  535 
incubation  period,  iv.  398 
internal  remedies,  iv.  400 
in  women,   viii.  165 
definition,  viii.  165 
diagnosis,  viii.  166 
gonocoecus,  i.  709;  iv.  399; 

viii.  400 
latent,  viii.  165 
peritonitis  due  to,  viii.  536, 

538 
physical  signs,  viii.  166 
prognosis,  viii.  166 
salpingitis  due  to,  iv.  135 
sources  of  contagion,   vill 

165 
symptoms,  viii.  166 
treatment,  viii.  167 
joints  in,  v.  265 
kyphosis  due  to,  v.  378 
latent,  viii.  165 
lesions  of,  iv.  398 
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Oonorrbcea,   leucorrhoea   Avlth,   v. 
494 
local  treatment,  iv.  400 
micrococcus  of,  i.   709;  iv.  399; 

vlii.  400 
microscopical  diagnosis,  iv.  399 
neonatorum,  vi.  280 
opsonic  index  in,  viii.  528 
phimosis,  iv.  401 
posterior  uretliritis  in,  iv.  401 
prognosis  of,  iv.  399 
prostatitis  in,  iv.  401 
pyelitis  in,  iv.  402 
symptoms,  iv.  398 
synonyms,  iv.  398 
treatment  of,  iv.  399 ;  viii.  167,538 
vesiculitis  in,  iv.  402 
Gonorrlioeal  arthritis,iv.403  ;viii.527 
conjunctivitis,  iii.  241 
myositis,  vi.  33 
rheumatism,  iv.  403;  vii.  599 
urethritis,  i.  771 ;  viii.  17 
vulvitis,  viii.  161 
Gonotoxin,  i.  710 
Goodell's  modiflcation    of   Ellin- 

ger's  dilators,  viii.  69 
Gooro  nuts,  v.  375 
Gordiacea,  vi.  224 
Gordius,  vi.  224,  503 
medinensis,  vi.  310 
pulmonalis  apri,  vi.  219 
Gordon  Springs,  iv.  405 
Gordon's  method  of  treating  fem- 
oral hernia,  iv.  678 
Gossypium,  iii.  296 
herbaceum,  iii.  296 
purificatum,  iii.  297 
Gottstein's   curette,  vii.  825 

oesophagoscope,  vii.  475 
Gouania  domingensis,  ii.  826 
Goulard's  cerate^  v.  471 

extract,  v.  471 
Gouley's  tunnelled  catheter,  ii.  746 
tunnelled  groove  guide,  viii.  24 
Goundou,  iv.  688 
Gourd,  iii.  338 
Gout,  iv.  405 
acute,  iv.  405 

anatomical  changes  in,  iv.  407 
blood  changes  in,  iv.  406 
causative  conditions  of,  iv.  407 
chronic,  iv.  406 
concretions  in,  iii.  230 
diagnosis  of,  iv.  406 
diet  in,  iii.  463;  iv.  408 
electro-therapeutics  in,  iii.  766 
Garrod's  theory  of,  iv.  407 
headache  in,  iv.  548 
in  hand  and  fingers,  iv.  514 
irregular,  iv.  406 
joints  in,  v.  264 
neurosal  theory  of,  iv.  407 
of  pharynx,      see     Pharyngitis, 

gouty 
prophylaxis  of,  iv.  408 
rheumatic,  vi.  969 
theories  regarding  the  nature  of, 

iv.  407 
the  urine  in,  iv.  406 
tophi  in,  iii.  330 
treatment  of,  iv.  408 
Gouttiere  de  Bonnet,  the,  v.  378 
Gouty  hand,  iv.  514 

ulcer,  vii.  944 
Gowers'  ataxic  paraplegia,  vn.  ddv 
haemocytometer,  ii.  42 
hsemogloblnometer,  ii.  54 
Graafian  follicle,  vi.  451 ;  vii.  lo3 


Gracilis  muscle,  vii.  738 

anomalies  of,  vi.  57 
Graefe  knife,  ii.  730 
Grafts,  omental,  vi.  361 

sUin-,  vii.  321 
Grain,  varying  values  of,  in  differ- 
ent countries,  viii.  294 
Grain  oil,  i.  169 
Gram,  viii.  399 
Graminese,  iv.  410 
Gram's  stain,  viii.  397 
Granatin,  vi.  732 
Granatonine,  vi.  732 
Granatum,  vi.  732;  and  see  Pome- 
granate 
Grand  Haven  Mineral  Spring,  iv. 

410 
Grand  mal,  iii.  845 
Granular  conjunctivitis,  iii.  244 
Granular  degeneration,  iii.  394 

of  muscle,  vi.  28 
Granulated    citrate    of    magne- 
sium, v.  673 
as  a  laxative,  v.  468 
Granulation  tissue,  iv.  410 
definition,  iv.  410 
organizing,  iv.  411 
protective  qualities  of,  iv.  413 
Granulations,  healthy,  iv.  411 
luxuriant  superficial,  iv.  412 
pathological,  iv.  411 
sequestrum,  iv.  413 
superficial  chronic,  iv.  413 
Granules,  sporagenous,  i.  681 
Granuloma    fungoides,    diagnosed 
from  eczema,  iii.  714 
of  the  choroid,  iv.  Ill 
of  the  conjunctiva,  iv.  108 
of  the  eyelids,  iv.  106 
of  the  iris,  iv.  110 
of  the  lachrymal  apparatus,  iv. 

116 
of  the  umbilicus,  viii.  6 
tropicum,  viii.  319 
Granville's  lotion,  ii.  15 
Grape,  iv.  413 

fruit,  iii.  737 
Grape-cure,  v.  749 
Grass,  citronella,  iii.  126 
couch,  iii.  298 
dog,  iii.  298 
family,  iv.  410 
nard,  iii.  126 
Grasse,  France,  iv.  413 
Gratiola  officinalis,  vii.  78 
Gratiolin,  vii.  78 

Gratuitous  services,  physician  re- 
sponsible for,  v.  683 
Graves'  bivalve  vaginal  specu- 
lum, iv.  463 
Graves'  disease,  viii.  439;  and  see 
Exophtlialmie  goitre 
headache  in,  iv.  548 
the  heart  in,  iv.  599 
Gravity,  force  of,  effect  on  differ- 
entiation, iii.  468 
Gray  powder,  v.  750 
Grease,  iu  the  horse,  iii.  307 
Grease  wood,  iii.  SiA 
Great  Bear  Spring,  iv.  414 
Greece,  Pharmacopoeia  in,  vi.  584 
Greek  CliurciL,  marriage  laws  of,  iii. 

Greenbrier        White       Sulphur 

Springs,  iv.  414 
Green  Lawn  Spring,  iv.  414 
Greenheart  bark,  i.  753 
Green  milk,  v.  833 


Green-stick  fracture,  iv.  247 
Green  stools,  significance  of,  iv.  127 
Green  vitriol,  v.  323 
Grenadier,  vi.  733 
Griffith's  mixture,  v.  333 
Grindella,  iv.  415 

as  an  expectorant,  iv.  51 
robusta,  iv.  415 
squarrosa,  iv.  415 
Grip,  or  Grippe,  v.  11 ;  and  see  In- 
fluenza 
Gritti's    method  of   amputation 

at  knee,  i.  363 
Groin,  medical  and  surgical  anatomy 

of,  vii.  736 
Groove,  Harrison's,  ii.  810 
Gros  nez,  iv.  638 
Gross'  blood-clot  catheter,  ii.  745 
mouth  gag,  iii.  13 
spiral  prostatic  catheter,  iii.  744 
Ground  itch,  vi.  231 
Ground  water,  vi.  168 
Growth,  iv.  415 

as  a  function  of  cells  and  tissues, 

iv.  415 
definition  of,  iv.  415 
in  infancy,  iv.  858 
laws  of  mammalian,  iv.  421 
of  cells,  iii.  399 
of  children,  ii.  832;  iv.  419 
of  infants,  iv.  418,  858 
of  man,  iv.  417 
of  the  foetus,  iv.  417 
rate  of,  iii.  378 
stoppage  of,  iv.  422 
Growths,  pathological,  see  Tumors 
Gruber's  ear  specula,  iii.  663 
reaction,  in  cholera,  i.  716 
Gruening's  magnet  for  the  removal 
of  metallic  bodies  from  the  eye,  iv. 
104 
Grutum,  v.  818 
Gryphotic  nails,  vi.  93 
Guacamphol,  iv.  423 
Guacin,  iv.  423 
Guaco,  iv.  422 
Guaiac,  iv,  423 
resin,  iv.  423 
wood,  iv.  423 
Guaiacetin,  iv.  423 
Guaiacic  acid,  iv.  423 
Guaiacol,  iv.  433 
bisulphate,  vi.  827 
cacodylate,  iv.  435 
ethyl,  iv.  435 
salts  of,  iv.  434 
Guaiaconic  acid,  iv.  433 
Guaiacum,  diaphoretic  action  of,  iii. 
433 
officinale,  iv.  423 
sanctum,  iv.  423 
test  for  blood,  ii.  74 
Guaiacyl,  iv.  425 
Guaiakinol,  iv.  425 
Guaiamar,  iv.  425 
Guaiaperol,  iv.  435 
Guaiaquin,  iv.  425;  vi.  827 
Guaiaquinol,  vi.  837 
Guaiaretic  acid,  iv.  433 
Guaiasanol,  iv.  425 
Guanidin,  ptomain,  vi.  786 
Guao,  poisonous  plant,  vi.  698 
Guarana,  iv.  425 
Guaranine,  ii.  546;  iv.  436 
Guard-duty,  hygiene  of,  v.  815 
Guarea  Eusbyi,  iii.  164 
Guareschi  and  Mosso's  base,  pto- 
main, vi.  788 
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Guarnieri's  gelatin  agar,  viii.  415 
Guernsey  and  the  Channel  Isl- 
ands, iv.  426 
Guethol,  Iv.  435 
Guinea-pig's,  growth  of,  iv.  431 
hEemolymph  glands  of,  iv.  469 
Guinea  -worm,   vi.    310;   and   see 

Filaria  medinensis 
Guinoral,  iv.  436 
Gullet,  see  (Esophagus 
Gum,  acacia,  iv.  437 
acaroides,  viii.  318 
ammoniac,  i.  317 
animal,  see  Dextrin 
Arabic,  iv.  427 
artificial,  iii.  438 
balata,  i.  733 
Benjamin,  i.  745 
Botany  Bay,  viii.  318 
elastic,  vi.  1003 
guaiac,  iv.  433 
myrrh,  vi.  85 
resins  in  plants,  i.  103 
seneca,  iv.  437 
tragacanth,  vii.  845 
Gum  tree,  blue,  iv.  15 
Gumma,  vii.  613;  and  see  Sypliilis 
of  the  arm  and  forearm,  i.  457 
of  the  auricle,  iii.  675 
of  the  brain,  diagnosis  of,  ii.  450 
of  the  kidney,  v.  361 ;  vii.  636 
of  the  larynx,  v.  443 
of  the  liver,  v.  561 ;  vii.  634 
of  the  lung,  vii.  633 
of  the  pharynx,  vi.  596 
of  the  tongue,  vii.  795 
of  tlie  trachea,  v.  445 
Gummi  olibani,  vi.  355 
Gums,  see  Actite  principles 

inflamed,  treatment  of,  iii.  407 
in  plants,  i.  101 
Gum-weed,  California,  iv.  415 
Gun-cotton,  iii.  398 

as  an  explosive,  vii.  910 
soluble,  iii.  398 
Gun-flring,     concussion     due    to, 

effect  of,  on  hearing,  iii.  603 
Gunjah,  ii.  647 
Gunning's  test  for  acetone,  i.  67; 

viii.  49 
Gun-powder,  iv.  439;  vii.  909 
Guns,   iv.    437;    and    see    Gunshot 

wounds 
Gunshot  injuries,  iv.  483 
Gunshot  wounds,   iv.  437 

bullets  in,  to  be  let  alone,  iv,  446 

complications,  iv.  444 

diagnosis,  iv.  441 

general  treatment,  iv.  444 

in  the  Civil  War,  iv.  450 

in  the   Spanish-American  War 

iv.  450 
mortality  from,  iv.  443 
multiplicity  of,  iv.  441 
of  soft  parts,  iv.  438 
of  tlie  abdomen,  iv.  454 
of  the  blood-vessels,  iv.  447 
of  the  chest,  iv.  453 
of  the  ear,  iii.  689 
of  the  external  auditory  canal 

iii.  689 
of  the  head,  iv.  451 
of  the  joints,  iv.  438,  449;  v.  395 
of  the  long  bones,  iv.  438,  449 
of  the  orbit,  vi.  408 
of  the  spine,  iv.  451 
of  the  viscera,  iv.  455 
primary  symptoms,  iv.  440 

806 


Gunshot    wounds,  prognosis,    iv. 
443 
remote  effects,  iv.  444 
requiring  amputation,  1.  236 
statistics  of,  iv.  450 
Gurgles,  vi.  838 
Gurjun  balsam,  iv.  456 
Gurjunic  acid,  iv.  456 
Guru  nuts,  see  Kola  nuts 
Gusano  peludo,  v.  153 
Gussenbauer's  artificial  larynx, 

V.  435 
Gut-cleaning,  regulations  for,  vi. 

333 
Gutta,  iv.  456 
Gutta  percha,  iv.  456 
Guyon's  flexible  prostatic  catheter, 
ii.  743 
modification  of  Syqje's  amputa- 
tion, i.  359 
Gymnastics  for  soldiers,  v.  816 
in  treatment  of  scoliosis,  v.  463 
medical,  v.  695 
Gymnema  sylvestre,  i.  565 
Gynsecological  examinations,  iv. 
456 
anaesthetics  in,  iv.  457 
bimanual,  iv.  458 
dilatation,  iv.  466 
external  genitals,  iv.  458 
history,  iv.  456 
inspection,  iv.  458 
nurse,  assistance  of,  iv.  457,  464 
table  for,  iv.  457 
the  aspirating  syringe,  iv.  466 
the  curette,  iv.  466 
the  cystoscope,  i.  779 
the  dressing  forceps,  iv.  464 
the  depressor,  iv.  464 
the  microscope,  iv.  466 
the  probe  and  sound,  iv.  465 
the  speculum,  iv.  463 
the  tenaculum,  iv.  465 
vaginal,  iv.  458 
vi^ith  instruments,  iv.  463 
without  instruments,  iv.  458 
Gynsecological    operations,    fol- 
lowed by  leucorrhoea,  v.  495 
use  of  cocaine  in,  iii.  160 
Gynsecophorus  hsematobius,  vii. 

873  ' 

Gynatresia,  i.  604 
Gynocardia,  ii.  803 

odorata,  ii.  803 
Gynocardic  a^id,  ii.  803 
Gypsum,  ii.  b^ii 
Gyres,  ii.  187 

callosal,  ii.  193 
fronto-marginal,  ii.  193 
inflected,  viii.  154 
insular,  ii.  193 
intercentral,  viii.  159 
medifrontal,  ii.  198 
orbital,  ii.  193 
paracentral,  ii.  193 
parietal,  ii.  198 
paroccipital,  ii.  193 
postcentral,  ii,  193 
precentral,  ii.  193 
rectus,  ii.  193 
subcalcarine,  ii.  191 
Rubcollateral,  ii.  191 
subfrontal,  ii.  193,  308 
subparietal,  ii.  193 
superfrontal,  ii.  193 
supertemporal,  ii.  193 
temporal,  ii,  193 
Gyromitra,  iv.  381 


Gyromitra  brunnea,  iv.  381 
esculenta,  iv.  281 

Habit,  cocaine,  iii.  162 

opium,  cocaine  for,  iii.  160 
Habit  contractures  of  hand,  iv. 

538 
Habitations,  air  of,  iv.  754 
basements,  iv.  753 
building  materials,  iv.  751 
drainage,  iv.  763 
floors,  iv.  753 
halls,  iv.  753 
heating  of,  iv.  758 
interior  arrangements,  iv.  753 
interior  finish  and  decorations, 

iv.  753 
lighting  of,  iv.  761 
roof  and  roofing,  iv.  753 
sanitary  Inspection  of,  iv.  768 
site,  iv.  750 
stairs,  iv.  753 
temperature  of,  iv.  755 
testing  for  plumbing,  iv.  766 
ventilation  of,  iv.  755 
wall  decorations,  iv.  753 
water  supply,  iv.  763 
Habitations  for  soldiers,  v.  807 

et  seq. 
Habits,  in  life  insurance,  v.  510 
Haemachromatosis,  vi.  635 
Haemacytometer,  Gowers',  ii.  43 
Oliver's,  ii.  50 
Thoma-Zeiss,  ii.  43 
Heemadipsa,  iv.  703 
japonica,  iv.  702 
zeylanica,  iv.  702 
Haemalbumin,  v.  230 
Heemamoeba  malariae,  viii.  541 

vivax,  viii.  542 
Heemangioendothelioma,  vii.  38. 

908 
Haemangioma,  i.  350;  vii.  908 
cavernosum,  i.  350 
of  Jiver,  v.  555 
simplex,  i.  350 
telangiectatic,  i.  850 
Hsematemesis,  vii.  511 

in  cancer  of  the  stomach,  vii.  515 
neonatorum,  vi.  380 
Hsematicum,  v.  230 
Hsematidrosis,  iv.  466 
Hsematimeter     of     Hayem     and 

Nachet,  ii.  41 
Hsematin,  ii.  39 

in  urine,  viii.  51 
Hsematinics,  vii.  807 
Hsematinuria,  viii.  51 
Hsematoblasts,  ii.  38 
Hsematocele,  iv.  60;  vii.  188 
pelvic,  iv.  60 
pudendal,  viii.  161 
retro-uterine,  iv.  60 
scrotal,  vii.  178 
vaginal,  vii.  178 
Hsematocrit,  Daland's,  ii.  34,  48 

Hedin's,  ii.  47 
Hsematogen,  v.  380 
Hsematogenous  pigments  in  the 

tissues,  iii.  397 
Hsematoidin,  ii.  39;  vi.  635 
crystals,  ii.  29 
infarct,  iv.  868 
Hsematol,  v.  330 
Hsematolysis,  viii.  539 
Hsematoma,  iii.  273;  vi.  814 
aspiration  for,  i.  580 
of  the  amnion,  i.  226 
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Heematoma  of  the  auricle,  iii.  608 
of  the  ear,  iii.  687 
of  the  sterno-cleidomastoid  mus- 
cle in  the  new  born,  vi.  277 
of  the  ovary,  vi.  434 
pudendal,  viii.  161 
treatment,  iii.  374 
Hsematomyelia,  vii.  349 
Hsematopoiesis,  ii.  26 
Hsematoporpliyrin,  ii.  29 

in  the  urine,  viii.  51 
Hsematosalpinx:,  iv.  135 
Hsematoscope,  Henocque's,  ii.  53 
Hssmatoxylin,  v.  567 

stain  for  nerve  tissues,  il.  326 
Hseraatoxylon,  v.  566 
action  and  use,  v.  567 
campechianum,  v.  566 
Haematuria,  i.  786;  viii.  32 
essential,  v.  328 
in  chronic  nephritis,  v.  328 
in  cystitis,  i.  794 
in  hypertrophy  of  prostate,  vi. 

764 
in  renal  calculus,  v.  328 
in  renal  tumor,  v,  326 
in  tuberculous  kidney,  v.  328 
source  of  bleeding  in,  v.  337 
tests  for,  viii.  32 
Haementaria,  iv.  703 
Ghilianii,  iv.  703 
officinalis,  iv.  702 
mexicana,  iv.  703 
Hsemic  murmur,  ii.  833 
Hsemin,  ii.  39 

crystals,  ii.  29,  75 

in  blood  stains,  ii.  74 
Hsemochromatosis,  ii.  69 
H8emoclirom.ogeii,  ii.  29 
Hsemocyanin,  animal  pigment,  iii. 

225 
HEemocytolysis,  vi.  205 ;  viii.  529 
H8em.odxometer,   Volkmann's,    iii. 

100 
Hsemofuscin,  vi.  634 
Hsemcgallol,  iv.  466;  v.  230 
Haemoglobin,  ii.  37;  vi.  949 
absorption  spectra  of,  ii.  38 
composition  of,  ii.  38 
compounds  of,  ii.  39 
decrease  of,  vi.  355 
estimation  of,  ii.  51 

comparison  of  various  meth- 
ods of,  ii.  59 
influence  of  chlorates  upon,  iii.  3 

of  iron  upon,  v.  221 
in  lower  animals,  iii.  334 
in  pernicious  anseinia,  i.  373 
in  poisoning  by  CO,  i.  663 
in  the  urine,  viii.  33 
tests  for,  viii.  83 
reduced,  il.  37;  vi.  949 
relation  of,  to  specific  gravity  of 
the  blood,  ii.  34,  60 
HaemoglolDinom.eter,    Gowers',  ii. 
54 
Oliver's,  ii.  57 
Taylor's,  ii.  57 
von  Pleischl-Miescher,  ii.  57 
Haemoglobinuria,  viii.  33,  450 

tests  for,  viii.  32 
Hsemol,  iv.  466;  v.  230 
Heemolympli  glands,  iv.  466;  v. 
657 
circulation  in,  iv.  471 
definition  and  description,  iv.  466 
development,  iv.  471 
experimental  pathology,  iv.  472 


Haemolymph  glands,  function,  iv. 
471 
histology,  iv.  467 
in  anajmia,  iv,  471 
in  leucocytosis,  iv.  472 
in  leukaemia,  iv.  473 
in  lower  animals,  iv.  467 
in  man,  iv.  469 
location,  iv.  467 
marrow-lymph  glands,  iv.  470 
occurrence,  iv.  467 
pathology,  iv.  466,  471 
Haemolysis,  vi.  205 ;  viii.  529 

agglutination  in  relation  to,  viii. 

536 
antihaemolysin,  viii.  535 
bacteriolysis,  viii.  538 
by  bacteria,  viii.  586 
by  known  chemical  and  physical 

agencies,  viii.  529 
by  serums,  viii.  580 
by  vegetable  poisons,  viii.  536 
by  venoms,  viii.  536 
cytolysis,  viii.  538 
Bhrlich's  theory  of,  viii.  530 
serum,  varieties  of,  viii.  539 
Haemometer,  von  Plcischl's,  ii.  55 
Haemopericardium,  iv.  472 
Haemophilia,  iv.  473 
definition,  iv.  473 
diagnosed  from  purpura,  v.  863 
diagnosis,  iv.  475 
occhymoses  and  peteohiEe  in,  iv. 

474 
etiology,  iv.  473 

external  hemorrhages  in,  iv.  474 
hereditary  transmission,  iv.  473 
history,  iv.  473 
interstitial  hemorrhages   in,   iv. 

474 
jointaflCectionsin,  iv.  474;  v.  265, 

375 
morbid  anatom}',  iv.  474 
pathology,  iv.  475 
prognosis,  iv.  475 
symptoms,  iv.  474 
synonyms,  iv.  473 
treatment,  iv.  475 
Haemopneumotliorax,  v.  598 
Haemoptysis,  iv.  476 

after-treatment,  iv.  477 
cold  in,  iii.  195 
in  tuberculosis,  v.  605 
physical  signs,  iv.  477  _ 
prodromal  symptoms,  iv, 
sequelre,  iv.  478 
symptomatology,  iv.  476 
treatment,  iv.  477 
Haemosiderin,  vi.  635 
Haemosiderosis,  vi.  685 
Haemosporidia,  viii.  653 
Haemostatics,  iv.  478,  634 
Haflfkine's    prophylactic     treat- 
ment of  bubonic  plague,  ii.  512 
Hagenia  abyssinica,  v.  376 
Hair,  viii.  683 

abnormalities  of ,  vii.  717 

atrophy  of,  i.  604 

cells,  i.  621 

cortex,  viii.  685 

cuticula,  viii.  686 

embryology,  viii.  688 

end,  i.  606 

external  root  sheath,  viii.  686 

gray,  ii.  647 

Henle's  layoi',  viii,  680 

Huxley's  layer,  viii,  6b6 

in  insanity,  v.  51,  58 


476 


Hair,  inner  root  sheath,  viii.  686 
medulla,  viii,  686 
precocious  development   of,  iv. 

807 
removal  of,  by  electrolysis,  iv. 

808 
ringed,  ii.  647 
root  sheaths,  viii.  686 
sheaths,  viii.  685 
superliuous,  iv.  807 
syphilitic  diseases  of  the,  vii.  616 
Hair  dyes,  injurious  effects  of,  iv. 

479 
Hair  follicle,  histology  of  the,  viii. 

685 
Hairiness,  abnormal,  iv.  807 
Hair-snakes,  ri,  2','4 
Hair-worms,  vi.  224 
Haldane's  method  of  determining 

COj  in  air,  vi.  160 
Halisteresis  ossium,  vi.  426 
Halitosis,  ii.  480 
causes  of,  ii.  481 
treatment,  ii.  481 
Halls,  iv.  753 

Hall's  method  of  artificial  respira- 
tion, i.  560 
Hallucinations,  v.  46 

a  symptom  of  insanity,  v.  46 
in  paranoia,  v.  138 
Hallux  flexus,  iv.  213 
rigidus,  iv.  213 
valgus,  iv.  313 
varus,  iv.  214 
Halsted's  interrupted  suture,  v.  178 
method  of  preparing  sutures  and 

ligatures,  i.  568 
operation  for  radical  cure  of  in- 
guinal hernia,  iv.  674 
Halteridium  danilewsky,  vi.  660 
Hamamelis,  viii.  813 

virginiana,  viii.  313 
Hamilton's  apparatus  for  treatment 
of  fracture  of  lower  jaw,  v. 
353 
dynamometer,  iii.  564 
method  of  reducing  dislocation 
of  hip,  iii.  535 
Hammer  (of  the  tympanum),  anat- 
omy of,  i.  616 ;  iii.  584 
Hammer-finger,  iv.  533 
Hammer-toe,  iv.  215 
Hammond's  sesthesiometer,  i.  135 
dynamometer,  iii.  564 
wire-splint,  v.  253 
Hamularia  lymphatica,  vi.  312 
Hancock's  method  of  amputation 

of  foot,  i.  258 
Hand,  iv.  479 

absence  of,  iv.  493 

acquired  deformities  of,  iv.  508 

amputation  of,  i.  250 

anatomy  of,  iv.  482 

and  foot,   comparison  between, 

iv.  190 
anomalies  of  arteries,  i.  533 

of  muscles,  vi.  55 
ape,  iv.  531 
arteries  of,  iv.  489 
artificial,  v.  514 
ataxia  of,  iv.  528 
burns  and  scalds  of,  iv.  503 
bursiE  of,  ii.  524 
chancre  of,  iv.  505 
cicatricial  contractions  of,  iv.  508 
circulatory  disorders  of,  iv.  527 
claw-,  iv.  531 
cleft,  iv.  496 
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Hand,  club-,  iv.  496,  497 

comparative  anatomy  of,  iv.  480 
congenital  deformities  of,  iv.  491 
congestion  of,  iv.  527 
contractures  of,  habit,  iv.  528 

of  occupacion,  iv.  528 
contusions  of,  iv.  503 
crushed,  iv.  502 
cutaneous    distribution    of    the 

nerves  of  the,  iv.  487 

deep  fascia  of,  iv.  485 

deflections  of,  iv.  496,  513 

deformities  of  the,  iv.  490 

acquired,  iv.  508 

contractions  of  the  fingers, 

iv.  508 
from  occupation,  iv.  509 
dermatitis  of,  iv.  513 
dermatoses  of,  iv.  511 
development  of,  iv.  480 
diseases  of,  iv.  490 
disinfection  of,  vi.  795 
dislocations  of  joints  of  the,  iii. 

523;  iv.  513 
divisions  of,  iv.  481 
double,  iv.  493 

eczema  of  the,  iii.  726 :  iv.  511 
elephantiasis  of,  iv.  499 
embryology  of,  iv.  481 
expression  of  emotion  by,  iv.  489 
fasciae  of,  iv.  484 
foreign  bodies  in,  iv.  503 
frost-bite  of,  iv.  502 
hemiplegic  contractures  of,  iv. 

530 
hypertrophy  of,  iv.  498 
hysterical  contractures  of,  iv.  532 
in  acromegaly,  i.  89;  iv.  500 
in    amyotrophic    lateral    spinal 

sclerosis,  iv.  533 
in  arthritis,  iv.  513 

deformans,  iv.  514 
in  cervical  paraplegia,  iv.  531 
in  childhood,  iv.  515 
in  erythromelalgia,  iv.  531 
infections   and   parasitic  condi- 
tions of,  iv.  503 
inflammations  of,  iv.  503 
in  fright,  iv.  488 
in  general  diseases,  iv.  533 
in  gigantism,  iv.  500 
in  gout,  iv.  514 

in  hypertrophic  cervical  pachy- 
meningitis, iv.  531 
in  infantile  hemiplegia,  iv.  533 
injuries  of  the,  iv.  501,  516 
in  lead  palsy,  iv.  ,139 
in  median  paralysis,  iv.  530 
in  musculo-spiral  paralysis,  iv 
530  f       J     .      ■ 

in  myxoedema,  iv.  500 
in  osteoartliropathy,  iv.  500 
in  paralysis  agitans,  iv.  533 
in  progressive  muscular  atrophv 
iv.  531  ^ 

in  rheumatism,  iv,  514 
in  syringomyelia,  iv.  500 
in  tetany,  iv.  533 
in  ulnar  paralysis,  iv.  530 
ischfemic  myositis  of,  iv.  527 
keratoderma  of  palm  of,  v.  804 
leprosy  affecting  the,  iv.  507 
lymphatic  vessels  of,  v.  631 
malformations  of,  iv.  490 
middle  region  of,  iv.  483 
muscles  of,  iv.  485 
muscular  affections  of,  iv,  537 
power  of,  iii.  565 


Hand,  myositis  of,  iv.  538 

necrotic  conditions  of,  iv.  507 

neoplasms  of,  iv.  500 

nerves  of,  iv.  488 

nervous  affections  of,  iv.  588 

neuralgia  of,  iv.  528 

occupation  neuroses  of,  iv.  528 

of  glory,  iv.  480 

paralysis  of,  iv.  537 

paralytic  deformities  of,  iv.  537 

phlegmon  of,  vi.  615 

physiognomy  of,  iv.  489 

preachers',  iv.  530 

scabies  of,  iv.  507 

scalds  of,  iv.  502 

senile  changes  in,  iv.  533 

supernumerary,  iv.  493 

superstitions  concerning,  iv.  479 

surface  markings  of  the  palm,  iv. 

488 
synovial  sheaths  of,  iv.  344,  483 
syphilis  affecting  the,  iv.  505 
tendons  of,  iv.  485 
the  convulsive,  iv.  487 
the  energetic,  iv.  489 
the  feeble,  iv.  488 
the  nervous,  iv.  489 
the  tonic,  iv.  488 
trophic  changes  in,  iv.  538 
tuberculosis  of,  iv.  504 
ulcers  of,  iv.  508 
vpounds  of  the,  iv.  501 
Handkerchief  bandage,  iii.  557 

dressings,  iii.  557 
Hanging  as  a  cause  of  asphyxia,  i. 
577 
evidences  of  death  from,  i.  673; 

vii.  r,35 
suicidal  or  homicidal?  i.  578 
Hanging-block  cultures,   viii.  428 
Hanging-drop  cultures,  viii.  428 

slide  for,  viii.  394 
Hangnail,  vi.  93 
Hanot's  cirrhosis,  v.  548 

diagnosed  from  obstructive  cir- 
rhosis, V.  547 
Haplopappus  Baylahuen,  iv.  415 
Haptophore,  viii.  470 
Harbin  Hot  Sulphur  Springs,  iv. 

ooo 

Hardening  tissues,  methods  of  iv 

706 
Hardback,  vi.  1000 
Hardness  of  water,  viii.  386 
Harebell,  ii.  623 

family,  see  Campanulacem 
Harelip,  iv.  534 

accidental,  iv.  535 
Collis'  operation  for,  iv.  537 
congenital  origin  of,  iv.  534 
deformities  associated  with    iv 
534  '      ■ 

double,  iv.  535 
hereditary   transmission  of,   iv 

534 
Malgaigne's    operation   for,    iv. 

536 
median,  iv.  535 

Mirault's  operation  for,  iv.  536 
operations  for,  iv.  586 
Phelps'  operation  for,  iv.  537 
Sedillot's  operation  for,  iv.  536 
Thomas   Smith's  operation  for 
,  iv.  588 

time  for  operating  upon,  iv.  535 
Hare's  method  of  Ijrain  localization 

11.  404 
Harmattan  (wind),  iii.  140 


Harmony  and  discord,  i.  615 
Harris'  instrument  for  segregation 
of  the  urine,  v.  355,  586;  viii.  705 
Harris  Lithia  Springs,  iv.  538 
Harrison  Hot  Springs,  iv.  538 
Harrison's  groove,  ii.  810 
Harrogate,  viii.  540 
Harting's  injection  tank,  iv.  726 
Hartley's  method  of  dressing  after 

resection  of  knee,  vi.  935 
Hartmann's  cannula,  iii.  651 

tuning  forks,  iii.  660 
Harvey-Banting  treatment  of  obes- 
ity, i.  125 
Hashish,  ii.  647 

Hastings  and  St.  Leonards,  Eng- 
land, iv.  539 
Hat,  military,  v.  794 
Havana,  history  of  yellow  fever  in, 

viii.  584 
Haversian  canals,  ii.  115 

systems,  ii.  115 
Ha-w,  black,  viii.  334 
Hawaii,  iv.  539 

climate  of,  iv.  541 
flora  and  fauna  of,  iv.  541 
geography  of,  iv.  540 
geology  of,  iv.  540 
health  in,  iv.  541 
history  of,  iv.  539 
Pharmacopoeia  in,  vi.  584 
requirements  for  medical  prac- 
tice in,  iv.  48 
Hayem  and  Nachet's  blood-count- 
ing apparatus,  ii.  41 
Hayem's  solution,  ii.  40 
Hay  fever,  iv.  541 ;  vi.  134 

annual  recurrence  of,  iv.  543 
association,  i.  751 
course  of,  iv.  543 
climate  suitable  for,  iv.  565 
etiology,  iv.  543 
health  resorts  for,  iv.  565 
idiosyncrasy  in,  iv.  841 
peculiarities  of,  iv.  543 
treatment,  iv.  544;  vi.  135 
Hayg:arth's  nodosities,  vi.  970 
Hayti,  Pharmacopoeia  in,  vi.  584 
Haywood  White  Sulphur  Spring, 

iv.  546 
Head,  anomalies  of  muscles  of  vi. 
43 
bandage  for,  i.  728 
bones  of,   conduction   of  sound 

through,  i.  618 
bursa;  of,  ii.  522 
concussion  of,  effect  on  hearing, 

iii.  608 
deep  wounds  of,  iv.  555 
extraction  of  the,  vi.  314 
gunshot,  wouncis  of,  iv.  451,  554 
in  chronic  hydrocephalus,  iv.  778 
in  cretinism,  iv.  393 
injuries  of,  ii.  420,  421 

as  a  cause  of  blindness,  ii.  11 
irritative  lesions  following, 
iv.  563 
in  medico-legal  autopsy,  i.  659 
lymphatic  glands  of,  v.  630 

vessels  of,  v.  627 
superficial  wounds  of,  iv.  554 
veins  of,  anomalies  of,  viii.  303 
wounds  of,  iv.  554 

during  birth,  iv.  583 
irritative  lesions  following, 
iv.  562 
Headache,  iv.  546;  vii.  119 
anasmic,  iv.  549 


808 


GENERAL  INDEX. 


Hand. 
Heart. 


Headache,  circulatory,  Iv.  549 
classification  of,  iv.  547 
congestive,  iv.  547 
diagnosis  of,  iv.  553 
electro- therapeutics  in,  iii.  762 
following  anoesthesia,  iii.  34 
from  alcohol,  iv.  548 
from  coffee,  iv.  548 
from  drugs,  iv.  548 
from  hunger,  iv.  549 
from  indigestion,  iv.  547 
from  infectious  germs  and  their 

toxins,  iv.  548 
from  lead,  iv.  648 
from  products  of  defective  me- 
tabolism, iv.  547 
from    retained    excrementitious 

substances,  iv.  547 
from  tobacco,  iv.  548 
functional,  iv.  547 
hypersemic,  iv.  549 
hysterical,  iv.  548 
in  acromegaly,  iv.  553 
in  caries  of  the  cervical  verte- 
brae, iv.  553 
in  cerebral  abscess,  iv.  552 
in  cerebral  anaemia,  iv.  550 
in  constipation,  iv.  547 
in  dental  disorders,  iv.  549 
in  diabetes,  iv.  548 
in  diseases  of  the  cranial  bones, 

iv.  553 
in  diseases  of  the  frontal  sinus 

iv.  553 
in  ear  disease,  v.  549 
in  encephalitis,  iv.  552 
in  epilepsy,  iv.  549 
in  gout,  iv.  548 
in  Graves'  disease,  iv.  548 
in  leptomeningitis,  iv.  552 
in  mastoid  disease,  iv.  552 
in  meningitis,  iv.  552 
in  neurasthenia,  iv.  548 
in  ocular  troubles,  iv.  549 
in  pachymeningitis,  iv.  552 
in  puerperal  eclampsia,  iv.  547 
in  sexual  disorders,  iv.  549 
in  sinus  thrombosis,  iv.  552 
in  spinal-*ord  diseases,  iv.  553 
in  syphilis,  iv.  552 
in  tumors  of  the  brain,  ii.  435; 

iv.  551 
In  uterine  disease,  iv.  549 
in  vascular  diseases,  iv.  552 
inveterate,  surgical  treatment  of, 

ii.  425 
migraine,  iv.  550 
nasopharyngeal,  iv.  549 
neuropathic,  iv.  548 
ophthalmoscope  in  diagnosis  of, 

iv.  553 
organic,  iv.  551 
paroxysmal,  iv.  550 
reflex,  iv.  549 
rheumatic,  iv.  547 
sick,  iv.  550 
toxsemic,  iv.  547 
treatment  of,  iv.  553 
uroemic,  iv.  547 
Head-covering,  military,  v.  794 
Head  louse,  v.  157  .. 

Head  rest  for  removal  of  brain,  n. 

385 
Healing',  processes  of,  v.  10 
Healing  Springs,  Ala.,  iv.  562 
Healing  Springs,  Va.,  vi.  746 
Health  of  troops,  i.  495 
as  affected  by  age,  i.  501 


Health  of  troops  as  affected  by 
branch  of  service,  i.  500 
by  lengtli  of  service,  i.  500 
by  race,  i.  498 
by  seasons,  i.  498 
influence  of  military  rank  on,  i. 

503 
in  peace,  i.  502 
in  war,  i.  507 
Health  resorts,  iv.    562;   and  see 

Gli7nate 
Health,  State  boards  of,  iv.  566 
cost  of,  iv.  566 

dates  of  organization  of,  iv.  566 
powers  and  duties  of,  iv.  566 
Hearing,  see  Audition 
acuteness  of,  i.  625 
as  an  aid  in  the  judgment  of  di- 
rection, i.  624 
by  bone  conduction,  i.  618 
centripetal  conduction  path  oi, 

ii.  363 
compared  with  sight,  i.  624 
cortical  centre  of,  ii.  307 
defective,   artificial  aids  to,  iii. 

630 
definition  of,  i.  611 
disturbances  of,   in  insanity,  v. 
51 
in    lesions    of   the    corpora 

quadrigemina,  ii.  369 
in  tumors  of  the  brain,  ii.  445 
function  of  the  auditory  nerve 
in,  i.  631 
of  the  auricle  in,  i.  615 ;  iii. 

373 
of  the  cochlea  in,  i.  621 
of  the  Eustachian  tube  in,  i. 

619 
of    the    external    auditory 

meatus  in,  i.  615 
of  the  external  ear  in,  i.  615 
of  the  labyrinth  in,  i.   619, 

622 
of  the  labyrinthine  fluid  in, 

i.  622;  iii.  373 
of  the  membrana  tectoria  in, 

i.  623 
of   the  membrana  tympani 

in,  i.  610 
of  the  ossicula  in,  i.  616;  iii. 

373 
of  the  rods  of  Corti  in,  i.  633 
of  the  semicircular  canals  in, 

i.  630,  634 
of  the  stapedius  muscle  in, 

i.  619 
of  the  tensor  tympani  mus- 
cle in,  i.  619 
of  the  tympanum  in,  i.  616 
impaired,  tests  for,  iii.  374 
judgment  of  direction  and  dis- 
tance of,  i.  634 
loss  of,  see  Deafness 
mechanism  of,  i.  611 
organ  of,  i.  615 
philosophy  of,  iii.  373 
physiology  of,  i.  615 
tests  for,  iii.  216,  660;  vi.  853 
through  the  bones  of  the  head,  i. 
618 
Heart,  iv.  567 

abscess  of,  iv.  593 
actinomycosis  of,  iv.  579 
allorhythmia,  iv.  599 
anaemic  infarction  of,  iv.  579 
anatomy  of,  iv.  567 
and  athletics,  iv.  613 


Heart  and  great  vessels,  transposi- 
tion of,  vii.  707 
aneurism  of  the,  iv.  580 

of  valves,  iv.  583 
angina  pectoris,  iv,  600 
animal  parasites  of,  iv.  582 
anomalies  of  veins  of,  viii.  201 
apex,  iv.  572 
apex-beat  of,  iii.  106 
arhythmia,  iv.  598 
athletic,  iv.  591 
auscultation  of  the,  ii.  821 
automaticity  of  beat,  iii.  110 
base  of,  iv.  572 
beat,  iii.  104 
blood-vessels  of,  iv.  573 
bradycardia,  iv.  597 
carcinoma  of,  iv.  594 
changes  in  form  of,  vii.  706 
in  position  of,  vii.  707 
compression,  in  cliloroform  syn- 
cope, ii.  33 
concentric  liypertrophy  of,   iv. 

591 
condition  of,  in  diphtheria,  iii. 

483 
congenital  malformation  of,  vii. 

706 
cysticercus  cellulosa;  of,  iv.  583 
cysts,  iii.  350 ;  iv,  594 
depressants  of,  ii.  687 
development  of,  iv.  573 
diagnosis  of  aneurism  of,  iv.  582 
of  aortic  regurgitation,  iv. 

604 
of  aortic  stenosis,  iv.  605 
of  dilatation  of,  ii.  823;  iv. 

613;  vi.  563 
of  displacements  of,  iv.  584 
of  endocarditis,  iv.  586 
of  fatty  degeneration  of,  iv. 

589 
of  fatty  infiltration  of,  iv.  590 
of  fibroid  disease  of,  iv.  590 
of  hydatids  of,  iv.  583 
of  hypertrophy  of,  iv.  592 
of  inflammation  of,  iv.  593 
of  irritable,  iv.  598 
of   mitral  insufliciency,  iv. 

606 
of  mitral  stenosis,  iv.  608 
of  pulmonary  regurgitation, 

.iv.  608 
of  pulmonary  stenosis,   iv. 

608 
of  rupture  of,  iv.  611 
of  strain  of,  iv.  612 
of  thrombosis  of,  iv.  615 
of  tricuspid  insufSciency,  ir 

608 
of  tricuspid  stenosis,  iv.  608 
of  valvular  lesions  of,   iv. 

604,  609 
of  wounds  of,  iv.  616 
dilatation  of,  ii.  822;  iv.  591,  612 
disease  of,  and   chorea,  associa- 
tion of,  iii.  43 
as  a  cause  of  insanity,  v.  33 
balneology  in,  vi.  153 
bearing  of,   upon   question 
of  administering  a  general 
auoesthetic,  iii;. 10 
blindness  from,  ii.  13 
climates    suitable    tor    the 
treatment  of,  iv.  565 
health  resorts  for,  iv.  565 
displacements  of,   iv.   583;   vu. 
707 
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Heart,  dulness  of,  ii.  820 
dyspeptic,  iv.  597 
echinococcus  of,  iv.  582 
effects  of  alcohol  upon,  ii.  693 
of  caffeine  upon,  ii.  702 
of  chloroform  upon,  iii.  8 
of  curare  upon,  v.  23 
of  digitalis  upon  ii.  697;  iii. 

477 
of  squills  upon,  ii.  708 
of  strophanthus  upon,  ii.  701 
of  training  upon,  iv.  612 
endocarditis,  iv.  585 
examination    of,    during    preg- 
nancy, V.  381 
for  life  insurance,  v.  511 
extract  of,  vi.  417 
excentric    hypertrophy    of,   iv. 

591 
failure  in  diphtheria,  iii.  486 
fatty  degeneration  of,  iv.  588 

infiltration  of,  iv.  689 
fibroid  disease  of  the,  iv.  590 
fibroma  of,  iv.  594 
foetal,  auscultation  of,  v.  381 
fragmentation  of,  iv.  593 
hydatids  of,  iv.  582 
hypertrophy  of,  ii.  832;  iv.  591 
inflammation  of,  myocarditis,  iv. 

693 
in  Graves'  disease,  iv.  599 
inhibitory  mechanism  of,  v.  20 
irritable,  iv.  598 
in  soldiers,  ii.  621 
inspection  of  beat,  ii.  819 
lymphatics  of,  Iv.  573 ;  v.  643 
malformations  of,  vii.  706 
malpositions  of,  vii.  707 
mechanism  of,  iii.  104 
muscle,  affections  of,  pulse  in,  vi. 

806 
myocarditis,  iv.  593 
myxoma  of,  Iv.  594 
nerve  supply  of,  iii.  110;  iv.  594 
neuroses  of,  iv.  594 
outlines  of,  on  chest  wall,  iv.  567 
palpation  of,  ii.  820 
palpitation  of,  iv.  595 
parasites  of,  vi.  601 
parenchymatous      degeneration 

of,  iv.  593 
pentastoma  denticulatum  in,  iv. 

583 
percussion  of,  ii.  820 
physical  examination  of,  ii.  819 
rate  of  beat,  iii.  109 
relations  of,  iv.  571 
rhabdomyoma  of,  iv.  694 
rhythm  of,  ii.  821 
rupture  of,  iv.  610 

a  cause  of  death,  i.  670 
sarcoma  of,  iv.  594 
segmentation,  iv.  593 
significance  of  palpitation  of,  iv 

595 
simple  hypertrophy  of,  iv.  691 
soldiers',  iv.  612 
sounds,  ii.  821 ;  iii.  106 
spontaneous  rupture  of,  iv.  610 
strain,  iv.  612 
structure  of,  iv.  572 
surfaces  of,  iv.  671 
symptoms  of  dilatation  of,  iv 
693 
of  displacements  of,  iv.  584 
of  endocarditis,  iv.  686 
of  fatty  degeneration  of,  iv 
589 


Heart,  symptoms  of  fatty  infiltra- 
tion of,  iv.  590 
of  fibroid  disease  of,  iv.  590 
of  hydatids  of,  iv.  582 
of  hypertrophy  of,  iv.  593 
of  rupture  of,  iv.  611 
of  thrombosis  of,  iv.  614 
of  valvular  disease,  iv.  604 
of  wounds  of,  iv.  616 
syphilitic  disease  of  the,  iv.  601 
tachycardia,  iv.  696 
thrombosis  of  (heart  clot),  iv.  614 
topographical  anatomy  of,  ii.  819 
transposition  of,  vii.  707 
treatment  of  abscess  of,  iii.  572 
of  aneurism  of,  iv.  682 
of  dilatation  of,  iv.  613 
of  displacements  of,  iv.  585 
of  endocarditis,  iv.  587 
of  fatty  degeneration  of,  iv. 

589 
of  fatty  Infiltration  of,  iv. 

690 
of  fibroid  disease  of,  iv.  591 
of  hydatids  of,  iv.  582 
of  hypertrophy  of,  iv.  593, 

609 
of  irritable,  iv.  698 
of  rupture  of,  iv.  611 
of  strain  of,  iv.  614 
of  valvular  diseases,  iv.  609 
of  wounds  of,  iv.  616 
trichina  spiralis  in,  iv.  583 
tuberculosis  of,  iv.  602 
tumors  of,  iv.  593 
valvular  disease  of,  iv.  602 
combined,  iv.  609 
dyspnoea  in,  iv.  610 
etiology,  iv.  602 
prognosis  of,  iv.  609 
treatment  of,  iv.  609 
weak,  iv.  697 
work  of  the,  iii.  109 
wounds,  i.  670;  iv.  615;  vii.  753 
Heart-block,  viii.  540 
Heart-burn,  vii.  494 
Heat,  absorption  of,  by  air,  i.  148 
action  of,  on  cow's  milk,  v.  821 
animal,  ii.  558,  and  see  Calorini- 

etry  and  Temperature 
as  a  cardiac  stimulant,  iv.  624 
as  a  counter-irritant,  iv.  624 
as  a  diaphoretic,  iii.  433 ;  iv.  623 
as  a  disinfectant,  iii.  496 
as  a  hsemostatic,  iv.   478,   624 

636 
as  an  aid  in  the  judgment  of  di- 
rection, iii.  493 
as  a  preservative  of  milk,  v.  839 
as  a  sedative,  iv.  624 
as  a  therapeutic  agent  in  ear  dis- 
eases, iii.  650 
centres  in  the  brain,  ii.  567 
coagulation  by,  iii.  150 
effects  of,  i.  149 

on  red  blood  corpuscles,  ii 
625 
exhaustion  from,  iv.  619 
factors  influencing  the  effect  of 

iv.  622 
germicidal  action  of,  iv.  333,  624 
methods  of  applying,  iv.  623 
necessary   for   vital  activity  of 

cells,  ii.  762 
production  of  and  dissipation  of 
ii.  569 
centres  for,  ii.  667 
regulation  of,  ii,  668 


Heat,  production  of,  relation  to  size 
of  body,  ii.  569;  v.  767 
prostration  from,  iv.  619 
radiant,  effect  of,  iv.  623 
regulation  of,  and  body  tempera- 
ture, ii.  568 
physiology  of,  iv.  149 
sensation  of,  vii.  219 
therapeutics  of,  iv.  622 
Heat-stroke,  iv.  617 

cause  of  death  in,  iv.  619 
causes,  iv.  617 
cold  in,  iii.  195 
complications,  iv.  621 
definition,  iv.  617 
diagnosis,  iv.  621 
pathological  anatomy,  iv.  617 
pathology,  iv.  617 
prognosis,  iv.  621 
symptoms,  iv.  619 
synonyms,  iv.  617 
treatment,  iv.  621 
Heat  values  of  foods,  vi.  175 
Heating  of  dwellings,  iv.  768 
of  school-buildings,  70 
sanitary  inspection  of  apparatus 
for,  iv.  769 
Hebephrenia,  v.  101,  102 
Heberden's  nodosities,  i.  547;  iv 

514:  vi.  970 
Hebotomy,  viii.  541 
Hebra's  contrivance  for  administer- 
ing a  continuous  bath,  vi.  549 
prurigo,  vi.  771 
water-bed,  vi.  549 
Hectometre,  viii.  299 
Hedeoma,  vi.  560 

pulegioides,  vi.  550 
Hedera,  v.  238 
helix,  V.  238 
poetica,  v.  238 
Hederin,  v.  238 
Hedge  hyssop,  vii.  78 
Hedin's  hsematocrit,  ii.  47 
Hedonal,  iv.  624 

as  a  hypnotic,  iv.  818 
Heel,  painful,  iv.  216;  viii.  527 
Hegar's  amputation  of  the  cervix 

uteri,  viii.  67 
Hegar's    operation   for    lacerated 

perineum,  vi.  312 
Hegar's  sign,  iv.  342 
Hehner's  test  for  formaldehyde  in 

milk,  v.  841 
Height  and  weight,   relative,  in 

childhood,  ii.  832 
Height  of  body  calculated  from  iso- 
lated parts,  ii.  540 

Heilbronn  Mineral  Springs,  iv. 
624  1-       s  , 

Heintz  method  of  estimating  quan- 
tity of  uric  acid  in  urine,  viii.  35 
Heitzmann's  theory,  i.  760 
Helenin,  iii.  742 
Helicis  major  muscle,  i.  638 

minor  muscle,  i.  638 
Heliotropin,  vi.  638 
Helix,  i.  636 

variations  in  form  of,  i.  640 
Helix  aspera,  viii.  567 

hortensis,  viii.  567 

pomatia,  viii.  567 
Helixigenin,  v.  238 
Helixin,  v.  238 
Hellebore,  American,  iv.  625 

black,  ii.  703;  iv.  626 

false,  i.  137 

green,  iv.  625,  626 
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Hellebore,  poisoning  by,  iv.  626 

white,  poisoning  by,  iv.  626 
Helleborein,  iv.  626 

action  on  the  heart,  ii.  703 
Helleborin,  iv.  636 
Heller's  test  for  blood  pigment  in 

the  urine,  viii.  32 
Hellhofflte,  an  explosive,  vii.  911 
Helmet,  military,  v.  794 
Helmholtz's    ophthalmometer,    vi. 
364 

ophthalmoscope,  vi.  381 

resonator,  1.  614 
Helminthocorton,  vi.  1 
Helmitol,  viii.  544 
Heloderma,  vi.  717 

horridum,  vi.  717 

suspectum,  vi.  717 
Helvellales,  iv.  281 
Hemeralopia,  ii.  18;  iv.  627 

and  nyctalopia,  iv.  627 

idiopathic,  iv.  627 

objective  signs  of,  iv.  627 

treatment,  iv.  628 
Hemiacardius,  vii.  679 
Hemianaesthesia,  causes  of,  i.  386 

hysterical,  i.  283 ;  iv.  834 
Hemianopsia,  ii.  813;  iv.  638 

bilateral,  iv.  630 

homonymous,  iv.  630 
nasal,  iv.  630 
temporal,  iv.  630 

heteronymous,  iv.  628 

homonymous,  iv.  638 

nasal,  iv.  638 

symptom  of  brain  diseases,  iv. 
631 

temporal,  iv.  638 

unilateral,  iv.  630 
Hemiathetosis,  i.  600 
Hemiatrophy  of  the  face,  viii.  448 

progressive,  viii.  448 

of  the  tongue,  vii.  793 
Hemlcrania,  vii.  697 
Hemicranin,  iv.  631 
Hemidesm.us,  iv.  681 

indicus,  i.  565;  iv.  631 

radix,  iv.  631 
Hemihypertrophy,  facial,  viii.  450 
Hemileuca  maia,  v.  167 
Hemiopia,  iv.  638 
Hemipleg'ia,  iv.  631 

causes,  iv.  631 

hand  in,  iv.  532 

hysterical,  iv.  633 

infantile,  iv.  582,  683 

manifestations,  iv.  631 

organic,  iv.  681 

permanent,  iv.  683 

seat  of  lesion,  iv.  633 

spinal,  vii.  373 
Hemiptera,  v.  155 
Hemisystole,  vi.  801 
Hemlock,  ill.  338 

pitch,  vi.  639 

poison,  iii.  238;  vi.  703 

poisoning  by,  viii.  544 
Hemorrhage,  iv.  633 

acupressure  in,  i.  104 

after  amputation,  i.  345 

after  tooth-extraction,  vii.  663 

after  uvulotomy,  viii.  109 

arrest  of,  iv.  475,  634 

by  acupressure,  i.  104 

by  cold,  iv.  636 

by  compression,  i.  536 

by  heat,  iv.  636 

by  hemostatics,  iv.  478 
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Hemorrhage,    arrest    of,    by   iron 
salts,  V.  239 

by  ligature,  iv.  634 ;  see  also 
under  Arteries 

by  pressure,  iv.  635 

by  styptics,  iv.  478 

by  suprarenal  preparations, 
vi.  413 

by  suture,  iv.  635 

by  the  cautery,  iv.  636 

by  torsion,  iv.  635 
arterial,  iv.  633 
as  a  cause  of  death,  i.  666 
blindness  following,  ii.  13 
capillary,  iv.  683 
cautery  in,  iv.  636 
cerebral,  ii.  241 

and  brain  tumor,  diagnosis 
of,  ii.  449 

diagnosis,  ii.  344 

etiology,  ii.  341 

insanity  following,  v.  94 

in  whooping-cough,  viii.  808 

pathological  anatomy,  ii.  341 

prognosis,  ii.  245 

surgical  treatment  of,  ii.  433 

symptomatology,  ii.  242 

treatment,  ii.  345 
cold  in,  iv.  636 
complicating    whooping-cough, 

viii.  308 
compression  in  the  arrest  of,  i. 

586 
consequences  of,  iv.  634 
constitutional  treatment  of,  iv. 

634 
effects  of,  upon  the  blood,  ii.  378 ; 

iv.  684 
following  amputation,  i.  289,  345 

shot  injuries,  iv.  447 

shot  injuries,   primary,  iv. 
440 

shot  injuries,  treatment,  viii. 
24 

tonsillotomy,  vii.  819 
from  bone,  iv.  636 

the  nose,  vi.  127,  295;  and 
see  EpiataxU 
general  treatment  of,  iv.  475,  634 
haemostatics  in.  iv.  479 
heat  in,  iv.  636 
in  brain  surgery,  ii.  408 
in  fracture  of  the  skull,  iv.  559 
in  ha;mophilia,  iv.  473 
in  idiopathic  anaemia,  i.  373,  376 
in  jaundice,  v.  346 
in  myelogenous  leukaemia,  v.  499 
interstitial,  iv.  473 
in  the  etiology  of  epilepsy,  iii. 

849 
in  the  orbit,  vi.  400 
in  the  spinal  cord,  vii.  849 
into  the  adrenals,  vii.  566 
into  the  labyrinth,  iii.  601 
into  the  pericardial  sac,  iv.  473 
into  the  pituitary  gland,  vi.  640 
into  the  thoracic  duct,  vii.  745 
into  the  vitreous,  viii.  267 
in  tracheotomy,  vii,  840 
intramuscular,  vi.  26 
iron  in  the  arrest  of,  v.  229 
leucocytosis  after,  v,  492 
ligature  in,  iv.  634;  see  also  un- 
der Arteries 
local  arrest  of.  iv.  635 
meningeal,  vii.  353 
ocular,  iv.  98 
CBSophageal,  vi.  339 


Hemorrhage  of  the  adrenals  in  the 
new-born,  vi.  380 
of  the  chorion,  iii.  53 
of  the  choroid,  iii.  69 
of  the  new-born,  vi.  280 
of  the  omentum,  vi.  858 
pancreatic,  vi.  464 
pathology  of,  iii.  133 
placental,  iii.  53,  388;  vi.  650 
post-partum,  iv.  786 
prevention  of,  in  amputation,  i. 

238 
primary,  in  gunshot  wounds,  iv. 

440 
prophylactic  treatment,  iv.  634 
renal,  v,  361 
retinal,  vi,  955 
secondary,  iv.  638;  viii.  689 
spinal  meningeal,  vii.  853 
styptics  in,  iv.  478 
subconjunctival,  iii.  350 
suprarenal   preparations  in,  iv. 

412 
symptoms  of,  iv.  634 
torsion  in,  iv.  635 
transfusion  after,  iv.  636 
umbilical,  iv.  280 
under  the  nails,  vi.  93 
uterine,  iv.  786 ;  see  also  Menor- 
rhagia and  Metrorrhagia 
tampon  for,  viii.  177 
venous,  iv.  633 

Wyeth's  method  of  compression 

in  hip-joint  amputations,  i.  536 

Hemorrhagic  diathesis,  iv.   473; 

and  see  Hmmc-philia 
Hem.orrhagic  infarct,  iii.  133;  iv. 

868 
Hemorrhoidal  plexus,  vii.  579 
Hemorrhoids,  i.  391 
after-treatment,  i.  392 
cauterj'  in  the  treatment  of,  i. 

893 
cold  in,  iii.  194 
external,  i.  391 
injection  in  the  treatment  of,  i. 

392 
in  pregnancy,  iv.  346 
internal,  i.  391 
ligature  in  the  treatment  of,  i. 

392 
oesophageal,  vi.  338;  viii.  216 
operation  by  clamp  and  cautery, 

i.  392 
treatment  of,  i.  391 
Hemp,  Indian,  ii.  647 
Henbane,  iv.  637;  and  see  Eyoscya- 
■inus 
poisonous,  i.  610;  vi.  710 
Hen  flea,  v.  155 

Henle's  fenestrated  membrane,  ii.  91 
layer,  viii.  686 
loop,  V.  810 
Henna,  iv,  638 
Henotannic  acid,  iv.  638 
Henocque's  hsematoscope,  ii.  53 
Henpuye,  iv.  638 
Hepatic  colic,  differentiated  from 

intestinal  colic,  iii.  197 
Hepatic  diseases,  effect  of,  upon 

metabolism,  v.  771 
Hepatic  extract,  vi.  416 
Hepatic  veins,  anomalies  of,  viii. 

207 
Hepaticodiaphragmaticus   mus- 
cle, vi.  61 
Hepatitis,  v.  531 ;  and  see  Liver,  ab- 
scess of 
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Hepatitis  apostematosa,  v.  530 
extrinsic,  v.  531 
intrinsic,  v.  531 
suppurative,  v.  530 

from  arterial  infection,  v.  531 
of  biliary  origin,  v.  532 
of  portal  tjrigin,  v.  531 
per  extensionera,  v.  352 
primary,  v.  531 
secondary,  v.  581 
Hepatization,  gray,  vi.  678 

red,  vi.  678 
Herbage,  poisonous,  Iv.  705 
Herb-juice  cure,  the,  at  Meran,  v. 

748 
Herbs,  fresh,  tinctures  of,  v.  739 
Hereditary  ataxia,  vii.  347 
Heredity,  iv.  638 

and  immunity,  iv.  664 
and  infections,  iv.  663,  664 
and  insanity,  v.  65,  69 
and  intoxications,  iv.  663 
and  mutilations,  iv.  663 
and  neuropathies,  iv.  664 
and  overdevelopment,  iv.  663 
and  reduction  and  synapsis,  vi. 

870 
as  a  cause  of  cretinism,  iv.  392 
as  a  cause  of  insanity,  v.  28 
as  a  factor  of  organic  evolution, 

iv.  24 
as  a  form  of  motion,  iv.  645 
data  of,  in  pathology  of  insanity, 

V.  36 
definition  of,  iv.  688 
effects  of,  iv.  659 
familial,  iv.  660 
individual,  iv.  660 
racial,  iv.  659 
specific,  iv.  659 
influence  of,  in  parthenogenesis, 

vi.  515 
in  gigantism,  viii.  461 
in  its  relation  to  the  development 

of  morbid  states,  iv.  659 
in  paresis,  v.  87 
in  relation  to  consumption,  iii. 

264 
lavjr  of  ancestral,  iv.  642 
phenomena  of,  iv.  640 
theories  of,  iv.  644 
Bering's  theory  of  color  sensation, 

viii.  245 
Hermann's  hardening  fluid,  iv.  708 
modification  of  Flemming's  hard- 
ening fluid,  iv.  707 
Hermaphroditic  malformations, 
vii.  711  ' 

Hermaphroditism,  iv.  711 
bilateral,  vii.  711 
false,  vii.  712 
lateral,  vii.  711 
true,  vii.  711 
unilateral,  vii.  711 
Hermophenol,  iv.  665 
Hernia,  iv.  665 

acquired,  iv.  665 
adult  umbilical,  iv.  679 
anatomical  varieties,  iv.  669 
associated  with  undescended  tes- 
ticle, iv.  675 
Bassini's  method  of  cure,  iv  672 

677 
Bloodgood's  method  of   radical 

cure,  iv.  675 
cerebri,  ii.  238;  iv.  61 
choice  of  methods  of  cure  for  in- 
guinal, iv.  675 
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Hernia,  clinical  varieties,  iv.  666 
congenital,  iv.  665 

umbilical,  iv.  678 
diaphragmatic,  iii.  434;  iv.  665, 
683 
acquired,  iii.  434 
congenital,  iii.  484 
direct  inguinal,  iv.  671 
epigastiic,  iv.  680 
etiology,  iv.  665 
exciting  causes,  iv.  666 
femoral,  iv.  676 

anatomy  of,  i.  9 ;  iv.  676 
occurrence  of,  iv.  677 
results  of  operations,  iv.  678 
treatment,  iv.  677 
Fowler's  method  of  radical  cure, 

iv.  675 
Gordon's  method  of  cure,  iv,  678 
Halsted's  method  of  radical  cure, 

iv.  674 
herniotomy,  iv.  669 
indirect  inguinal,  iv.  671 
infantile,  iv.  672 

umbilical,  iv.  679 
inflamed,  iv.  666 
inguinal,  i.  7;  iv.  669 
anatomy,  iv.  669 
diagnosis,  iv.  672 
post-operative  treatment,  iv. 

676 
radical  cure  of,  iv.  672 
treatment,  iv.  683 
internal,  iv.  665 
interstitial  hernia,  iv.  672 
in  the  linea  alba,  iv.  680 
in  the  lineae  semilunares,  iv.  681 
in  the  linese  transversse,  iv.  681 
irreducible,  iv.  666 
ischiatic,  iv.  682 
kelotomy,  iv.  669 
Kocher's  method  of  radical  cure, 

iv.  674 
Lucas  Championnifere's  method 

of  radical  cure,  iv.  675 
lumbar,  iv.  681 
Mace  wen's  method    of    radical 

cure,  iv.  675 
mechanical  treatment,  iv.  683 
oblique  inguinal,  iv.  671 
obstructed,  iv.  666 
obturator,  iv.  681 
of  the  appendix  vermiformis,  iv. 

682 
of  the  bladder,  i.  790 ;  iv.  682 
of  the  cord,  iv.  678 
of  the  large  intestine,  iv.  682 
of  the  meninges,  ii.  233 
of  the  ovary,  iv.  682;  vi    432- 

viii.  163 
of  the  pelvic  outlet,  iv.  682 
of  the  pregnant  uterus,  iv.  849 
of  the  uterus,  viii.  78,  85 
of  the  ventricles  of  the  larynx, 

V.  486 
predisposing  causes,  iv.  665 
purse-string  method  of  cure  of. 

iv.  678 
radical  cure  of  inguinal,  iv  672 
reducible,  iv.  666 
reduction  en  masse,  iv.  669 
sliding,  iv.  683 
slipped,  iv.  682 
strangulated,  iv.  667 

anatomical  changes,  iv.  667 
aspiration  in,  i.  580 
causes  of,  iv.  667 
classification,  iv.  668 


Hernia,  strangulated,  differentiated 
from  intestinal  colic,  iii. 
197 
mechanism,  iv.  667 
treatment,  iv.  668 
taxis  for,  iv.  668 

contraindications  to,  iv.  668 
dangers  of,  iv.  668 
traumatic  ventral,  iv.  681 
trusses  for,  iv.  683 
umbilical,  iv.  678;  viii.  6 

classes  of,  iv.  678 
ventral,  iv.  680 
vesical,  iv.  683 
Hernies  par  glissement,  iv.  683 
Herniotomy,  iv.  669 
Heroin,  iv.  684 

as  an  expectorant,  iv.  52 
Herpes,  iv.  684 

catarrhalis  comeiE,  iii.  385 

circinatus,  iv.  8 

cornesB,  iii.  285 

genitalis,  iv.  685 

idiopathica  corner,  iii.  385 

in  pregnancy,  iv.  347 

iris,  iv.  8 

of  the  eyelids,  iv.  117 

of  the  throat,  vi.  591 

of  the  tongue,  vii.  796 

of  the  vulva,  iv.  685 

praeputialis,  iv.  685 

produced   by  salicylic  acid,  iii. 

423 
progenitalis,  iv.  685 

diagnosis    of,    from    chan- 
croid, ii.  797 
simplex,  iv.  684 
zoster,  i.  456;  iv.  686 

and      eczema,     differential 

diagnosis  of,  iii.  715 
corneae,  iii.  385 
frontalis,  iv.  117 
supraorbital,  iv.  117 
on  arm  and  forearm,  i.  456 
ophthalmicus,  iv.  117 
Herpetic  fever,  iv.  685 
Herpetomonas,  viii.  643 
Hesperetin,  iii.  127 
Hesperidin,  ii.  514;  iii.  127;  v,  482 
Hesse's  ajiparatus  for  air  analysis, 
viii.  44? 
Nahrstofl:-Heyden  agar,  viii.  415 
Heterochromia,  v.  218 
Heterochronie,  iv.  807 
Heterolysin,  viii.  473 
Heterophoria,  vii.  533 
Heterophyes,  vii.  870 

heterophyes,  vii.  870 
Heteroptera,  v.  160 
Hetocresol,  Iv.  688 
Hetoform,  iv.  688 
Hetol,  iv.  688 
Heuchera,  i.  306 

americana,  i.  306 
Hewitt's  mouth  prop.  Hi.  13 

nitrous  oxide  and    oxygen  ap- 
paratus, iii.  20 
nitrous  oxide  inhaler,  iii.  19 
Hexamethylenediamin,  ptomain, 

vi.  785 
Hexamethylene-tetramine,       iv. 

246;  viii.  60;  and  see  Urotropin 
Hexapoda,  v.  158,  160 

poisonous,  V.  160 
Hexoses  in  urine,  viii.  38 
Hexylamin,  ptomain,  vi.  785 
Hey's  method  of  tarso-metarsal  am- 
putation, i.  256 
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Hepatitis. 
Horseradish. 


Hiatus  aorticus,  i.  408 
Hibernating  animals,  blood  in,  ii. 

37 
Hiccoughi,  viii.  544 
Hicks'  method  of  version,  yi.  314 
Hides,  tanning  of,  regulations  for, 

vi.  832 
High,  altitudes,  cases  suitable  for, 

iii.  354 
Highland  Springs,  Cal.,  iv.  688 
Highland  Springs,  Me.,  iv.  689 
Highmore,  antrum  of,  vi.  104 
cystic  disease  of,  v.  248 
hydrops  of,  v.  248 
measurements  of,  viii.  240 
polypus  of,  V.  249 
suppuration  in,  v.  248 
Hill  and  Barnard's  sphygmome- 
ter, vi.  803 
Hill's  mercurial  gas  pump,  vi.  949 
Hip  disease,  v.  366,  268 
abscess  in,  v.  268 
and  congenital  dislocation  of  tlie 
■  hip,  differential  diagnosis,   v. 

271 
atrophy  in,  v.  267,  270 
attitude  in,  viii.  270 
deformity  in,  v.  268 

treatment,  v.  284 
determination  of  amount  of  de- 
formity, V.  269 
diagnosis  of,  v.  269 
differential  diagnosis  of  varieties 

of,  V.  271 
distortion  of  the  limbs  in,  v.  268 
distraction  in  the  treatment  of, 

V.  278 
extension  in  the  treatment  of,  v. 

279 
fixation  in  the  treatment  of,  v. 

278 
limping  in,  v.  267 
muscular  stiffness  in,  v.  369 
night  cries  in,  v.  267 
pain  in,  V.  367,  270 
prognosis,  v.  368 
protection  in  the  treatment  of,  v. 

381 
swelling  in,  v.  270 
treatment,  v.  278 
tuberculous  osteitis,  v.  366 
Hip-joint,  iv.  689;  vi.  938 

amputation  at,  i.  364 ;  v.  384 
ankylosis  of,  i.  360 
arthritis  deformans,  of,  v.  273 
blood  supply  of,  iv.  693 
bursas  of,  ii.  535 
capsule  of,  iv.  691 
chronic  ostitis  of,  v.  266 
congenital  dislocation  of,  iv.  693 
diagnosed  from  coxa  vara, 

iii.  309 
Lorenz  method  of  treating, 
iv.  695 
development  of,  iv.  690 
disease  of,  see  Hip  disease 
dislocations  of,  iii.  523 
congenital,  iv.  693 
drainage  of,  v.  394 
excision  of,  v.  383 
liability  of,  to  disease  or  injury, 

iv.  689 
ligaments  of,  iv.  690 
method  of  examining,  v.  369 
movements  of,  iv.  689 
nerves  of,  iv.  693 
relations,  iv.  689 
resection; of,, vi.  936 


Hip-joint,  resection  of,  after-treat- 
ment, vi.  941 
history,  vi.  936 
indications,  vi.  936 
methods,  vi.  938 
results,  vi.  936 
synovitis  of  the,  v.  272 
Hippo  camp,  ii.  179 
Hippocampus  major,  ii.  179 

development  of,  ii.  378 
Hippocratic  bath,  iv.  699 
lingers,  iv.  500 
succussion,  vi.  668 
Hippomane,  iv.  17 

mancinella,  poisonous,  vi.  699 
Hippospongia  equina,  vii.  430 
Hippuric    acid,    formation    of,   in 
body,  V.  773 
in  urine,  v.  318:  viii.  46 
Hirschsprung's  disease,  viii.  464 
Hirsuties,  iv.  807 
Hirudinea,  iv.  700 
Hirudo,  iv.  701 
decora,  iv.  703 
mediciualis,  iv,  701 
nipponica,  iv.  701 
officinalis,  iv.  701 
troctiua,  iv.  701 
Hiss'  plate  medium,  viii.  415,  703 

tube  medium,  viii.  415,  703 
Histidin,  i.  68 
Histogenesis,  iv.  649 
Histological  technique,  iv.  703 
aniline  dyes,  iv.  731 
artificial  digestion  of  tissues,  iv. 

713 
double  staining,  iv.  721 
metallic  impregnations,  iv.  723 
methods  of   applying  reagents, 
iv.  704 
of  decalcification,  iv.  710 
of  dis.sociation,  iv.  710 
of  embedding,  iv.  717 
of    fixing,    hardening,    and 

preserving,  iv.  706 
of  injecting,  iv.  723 
of  malcing  sections,  iv.  712 
of  mounting,  iv.  737 
of  staining,  iv.  718 
of  studying  living  and  fresh 
tissue,  iv.  703 
special  stains,  iv.  722 
Histon  in  urine,  viii.  33 

test  for,  viii.  33 
Histotherapy,  vi.  409 
Hives,  see  Urticaria 
Hoarseness,  v.  415 
Hob-nailed  liver,  v.  544 
"  Hoche,"  plan  of  the,  vi.  164 

ventilation  of  the,  vi.  164 
Hodenpyl's  method  of  section  cut- 
ting, iv.  713 
Hodge's  obstetric  forceps,  vi.  313 
Hodgen's  splint,  iv.  364 
Hodgkin's  disease,  ii.  643 ;  iv.  728 ; 
V.  663 
anatomical  characters,  iii.  691 
definition,  iv.  738 
diagnosis,  iv.  730 
differentiated  from  leukaemia,  v. 

503 
etiologv,  iv.  728 
extract  of  bone  marrovr  m,  vi. 

414 
history,  iii.  691 
pathology,  iv.  729 
prognosis,  iv.  731 
symptoms,  iv.  739 


Hodgkin's  disease,  synonyms  iv. 
728 
the  blood  in,  ii.  69 
treatment,  iv.  731 
Hoffa-Schede  appliance,  modified, 

foi-  correction  of  scoliosis,  v.  464 
Hoffmann's  anodyne,  i.  361;  iv. 

13 
Hog  apple,  see  Podophyllum 
Hog  cholera,  detection  of,  v.  727 
Hogs,  diseases  among,  detection  of, 

V.  737 
Holarrhena,  iv.  732 

antidysenterica,  iv.  732 
Holland,  food  adulteration  in,  iv. 
166 
Pharmacopoeia  in,  vi.  585 
Hollyhock,  v.  686 
Holoacardius,  vii.  679 
Holocain,  iv.  732 
Holorachischisis,  vii.  695 
Holzin,  iv.  346 
Holzinol,  iv,  246 
Homatropine,  iv.  732 

as  a  mydriatic,  vi.  70 
Homburg,  Germany,  iv.  733 
Homicide  and  suicide,  probabili- 
ties between,  in  case  of  poisoning, 
vi.  693 
Homines  pilosi,  iv.  807 
Homochelidonine,  alpha,  ii.  760 

beta,  ii.  112,  760 
Homocinchonidine,  iii.  93 
Homocresol,  iv.  425 
Homoeosis,  viii.  184 
Homogamy,  iv.  33 
Homogentisuric  acid  in  urine,  viii. 

47 
Homologous  organs,   as  an    evi- 
dence of  evolution,  iv.  31 
Homosexuality,  v.  134 
Homotypes,  viii.  184 
Honduras  bark,  ii.  706 
Honey,  iv.  783;  v.  736 
adulteration  of,  iv.  181 
a  form  of  medicine,  v.  736 
of  rose,  iv.  733;  v.  736 
Honthin,  iv.  733 
Hoof-and-mouth  disease,  iv.  733 
Hooklets,  echinococcus,  v.  541 
Hooping-cough,     see     Whooping- 
cough,  viii.  306 
Hopea  micrantha,  iii.  352 

splendida,  iii.  3.52 
Hopkins'    method    of    estimating 
quantity  of  uric  acid  in  urine, 
viii.  36 
rongeur  forceps,  ii.  407 
Hops,  iv.  735 

difference  between  lupulin  and- 
V.  609 
Hordeolum,  iv.  119 
Horehound,  iv.  736 
Horion,  v.  11,  and  see  Influenza 
Horn,  Politzer's  metallic,  iii.  632 
Hornet,  bald-faced,  v.  168 
Horn's  Spring,  iv.  736 
Horns,  cutaneous,  iii.  392 
of  the  eyelids,  iv.  106 
of  the  penis,  vii.  177 
Horny  changes,  iii.  291 
excrescence,  iii.  393 
Horse,  hsemolymph  glands  of,  iv. 

468 
Horse-chestnut,  ii.  514 
Horse  flesh  as  food,  v.  737 
Horse-flies,  v.  165 
Horseradish,  iv.  737 
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Horseshoe  tourniquet. 
Hyperostosis. 
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Horseshoe  tourniquet,  i  339 
Horsley's  instrument  for  tixing  the 
fissure  of  liolando,  11.  403 
met/hod  of  brain  localization,  ii. 
403 
Hospital  cars,  vi.  836 ;  vii.  855 
Hospital,  field,  i.  474 
Hospital  gangrene,  iv,  307 
Hospital,  isolation,  iv.  334 
Hospital  phagedena,  Iv.  307 
Hospital  ships,  Iv.  737 
in  England,  Iv,  745 
in  the  United  States,  iv.  737,  745 
medical  officers,  duties  of,  Iv.  743 
nurses  on,  iv.  744 
officers  of,  iv.  740 
of  the  United  States  army,  iv. 

737 
the  Aid,  Iv.  739 
the  Bai/  State,  iv.  739 
the  Missovn,  iv.  738 
the  Olivette,  iv.  739 
the  nelief,  iv.  737 
Hospitall  tents,  v.  810 

Munson's,  v.  810 
Hospital  wards,  amount  of  air  re- 
quired in,  ii.  661 
contagious,  ii.  661 
lying-in,  ii.  661 
surgical,  ii.  661 
Hot-air  treatment  of  fractures, 

iv.  356 
Hot  Borate  Spring,  iv.  746 
Hot  Springs,  Bath  County,  Va., 

iv.  746 
Hot  Springs,  Fall  River  County, 

S.  D.,  iv.  748 
Hot  Springs,    Garland   County, 

Ark.,  iv.  748 
Hot  Springs,  Madison  County, 

N.  C,  iv.  749 
Hot  Sulphur  Springs,  Col.,  iv.  750 
"Hottentot  apron,"  the,  viii.  163 
Hot  water  to  heat  houses,  iv.  760 
House,  see  Habitations 
House,   sanitary  inspection    of, 
iv.  768  ' 

House  sanitation,  iv.  750 
Howard  Springs,  Lake  County. 

Cal.,iv.  770 
Howard      Springs,     Lauderdale 

County,  Ala.,  iv.  770 
Howard's  method  of  artificial  res- 
piration, i.  560 
Howship's  lacunae,  11.  119 
Hubbard  Springs,  iv.  770 
Hudson  Hot  Springs,  iv.  770 
Huefner's  apparatus  for  estimation 

of  urea,  viii.  34 
Humerus,  dislocations  of,  iii.  517 

fractures  of,  iv.  360 
Humidity   an  element  of  climate 
iii.  143 
of  health  resorts,  iv.  564 
relation  to  temperature,  ill.  143 
Humulus  lupulus,  iv.  735 
Hungary,  Pharamcopceia  in,  vi.  581 
Hunger,  a  cause  of  headache,  iv. 
549 
in  diabetes  mellitus,  iii.  438 
sensation  of,  vii.  130 
Hunter's  canal,  vii.  738 

depressor,  iv.  464 
Hunter's  Hot  Springs,  iv.  771 
Hunter's  method  of  treatment  for 

aneurism,  i.  338 
Hunter's  Pulaski  Alum  Sprines. 
V.  771  ^      s  , 
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Huntington's  chorea,  v.  101 
Hunyadi  Janos  Spring,  Austria, 

viii.  544 
Huppert's  test  for  acetone  in  the 
urine,  i.  67 
for  bile  pigments,  viii.  50 
Hura,  iv.  17 
Hurthle's  spring  manometer,  iii. 

98 
Hutchinson's  spirometer,  vi.  947 

syphilitic  teeth,  vii.  654 
Huts  for  soldiers,  v.  811 
Huxham's  tincture,  iii.  89 
Huxley's  layer  of  hair,  viii.  686 
Hyalin,  iv.  771 
Hyaline  bodies,  iv.  773 
cartilage,  ii.  704 
changes  in  pancreas,  vi.  464 
Hyaline    degeneration,    iii.    395, 
396;  iv.  771 
causes  of,  iv.  773 
locations,  iv.  773 
of  connective  tissue,  iv.  773 
of  lymph  nodes,  v.  660 
of  omentum,  vi.  359 
of  placenta,  vi.  615 
of  veins,  viii.  309 
Hyaline  deposits,  ill.  396 
Hyalitis,  viii.  365 
asteroid,  viii.  366 
punctata,  viii.  366 
suppurative,  viii.  366 
Hyaloid  artery,  persistent,  viii.  365 
Hyaloid  canal,  viii.  365 

opacity  of  the  walls  of,  viii.  365 
Hyaloid  membrane,  viii.  365 
Hyaloplasm,  ii.  761 
Hyaloserositis,   multiple   progres- 
sive, viii.  504 
Hydatid  cysts,  ii.  789 
kyphosis  due  to,  v,  378 
of  the  heart,  iv.  583 
of  the  kidney,  v.  344 
of  the  liver,  v.  539 
of  the  pericardium,  vi.  568 
Hydnacese,  iv.  385 
Hydnocarpus  anthelmintica.   il 
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Hydnum  caput  ursi,  iv.  386 
coralloides,  iv.  386 
erinaceus,  iv.  386 
imbricatum,  iv.  386 
repandum,  iv.  386 
Hydracetin,  iv.  773 
Hydradenoma,  not  identical  with 
colloid   degeneration  of  the  skin 
iii.  300 
Hydramins,  ptomaVns,  vi.  786 
Hydramnion,  i.  337;  iv.  773 
Hydramnios,  iv.  773 

diagnosed  from   ovarian  tumor 
vi.  439 
Hydrangea,  iv.  774 

arborescens,  iv.  774 
Hydrangin,  iv.  774 
Hydrargyro-iodo-hsemol,  v.  380 
Hydrargyrum,  see  Mercury 

cum  creta,  v.  750 
Hydrarthros,  v.  361 
Hydrarthrosis,  v.  361 
Hydrastin,  iv.  775 
Hydrastine,  iv.  775 
Hydrastinine,  iv.  775 

hydrochlorate,  iv.  776 
Hydrastis,  iv.  774 
canadensis,  iv.  774 
Jezajnsis,  iv.  775 
Hydrate,  ferric,  v.  335 


Hydrate,  ferric,  with  magnesia,  v. 

335 
Hydrate  of  iron,  v.  335 

and  magnesia,  v.  385 
of  magnesia,  v.  673 
of  potassium,  vi.  743 
Hydrencephalocele,  ii.  333,  411 
Hydriodio  acid,  iv.  775 

ether,  iv.  14 
Hydroa,  iv.  8,  776 

vacciniforme,  iv.  776 
Hydrobilirubin,  i.  755 
Hydrobromic  acid,  iv.  776 

as  a  hypnotic,  iv.  817 
Hydrobromic  ether,  iv.  13 
Hydrobromide  of  quinine,  iii.  90 
Hydrocele,  vii.  185 
abdominal,  vii.  187 
bilocular,  vii.  187 
complications,  vii.  186 
congenital,  vii.  186,  187 
diagnosis,  vii.  186 
idiopathic,  vii.  185 
infantile,  vii.  187 
inguinal,  vii.  186 
of  the  canal  of  Nuck,  viii.  98 
of  the  spermatic  cord,  vii.  187 
symptomatic,  vii.  185 
symptoms,  vii.  186 
treatment,  vii.  186 
varieties,  vii.  186 
Hydrocephalocele,  ii.  333 

occipital,  ii.  333 
Hydrocephalus,  see  Idiocy,  hydro- 
cephalic 
acute,  ii.  431 
aspiration  in,  i.  581 
chronic,  iv.  777 

congenital  and  acquired,  iv. 

777 
definition  of,  iv.  777 
diagnosis,  iv.  779 
duration,  iv.  779 
etiology,  iv.  777 
internal  and  external,  iv.  777 
morbid  anatomy,  iv  778 
of  adole'scente  trr  adults,  iv. 

779 
prognosis,  iv.  779 
symptoms,  iv.  778 
theories  concerning,  iv.  777 
treatment,  iv.  779 
congenital,  iv.  777;  vi.  380 
diagnosed  from  brain  tumor,  ii. 

449 
external,  iv.  777 
internal,  iv.  777 
neonatorum,  vi.  380 
Hydrochinon,  iv.  788 
Hydrochloric  acid,  iv.  780 

action  of,  on  the  tissues,  i.  71 
as  a  caustic,  ii.  757 
as  a  germicide,  iv.  333 
as  a  vesicant,  iii.  304 
burns  from,  ii.  530 
in  the  stomach,  function  of,  iii. 
473 
origin  of,  vii.  96 
in  the  urine,  viii.  53 
post-mortem  appearances  in  poi- 
soning by,  i.  661 
toxicology  of,  i.  71 
Hydrochloric  ether,  iv.  13 
Hydrochloride  of  quinine,  iii.  90 
Hydrocyanic  acid,  iv.  780 
action  of,  on  lieart,  v.  33 
analysis,  in  poisoning  by,  iv.  788 
detection  of,  post-mortem,  iv.  783 
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Hydrocyanic    acid,     experiments 
with,  iv.  781 

inhalation  of,  symptoms  follow- 
ing, iv.  783 

lethal  dose,  iv.  783 

medico-legal  questions  in  poison- 
ing by,  iv.  785 

physiological  effects  of,  iv.  781 

poisonous  effects  of,  iv.  781 

post-mortem  appearances  in  poi- 
soning by,  i.  662;  iv.  783 

statistics  of  poisoning  by,  iv.  781 

symptoms  of  poisoning  by,  iv. 
782 

tests  for,  iv.  784 

therapeutics  of,  iv.  780 

toxicology,  iv.  781 

treatment   of  poisoning  by,  iv. 
783 
Hydrocyanic  ether,  iv.  786 
Hydrofluoric  acid,  iv.  786 

in  the  urine,  viii.  53 
Hydrogen  as  a  germicide,  iv.  333 

in  diagnosis  of  penetrating  ab- 
dominal Vfounds,  V.  190 
Hydrogen  dioxide,  iv.  786 

as  a  germicide,  iv.  333 

in  facial  infection,  i.  460 
Hydrogen  peroxide,  iv.  786 
Hydrogen,  sulphuretted,  as  ger- 
micide, iv.  336 
Hydromeningocele,  ii.  233 
Hydronephrosis,  i.  33;  v.  357 
Hydropericardium,  iv.  787 

anatomic  alterations,  iv.  787 

etiology,  iv.  787 

physical  signs,  iv.  787 

prognosis,  iv.  788 

symptoms,  iv.  787 

treatment,  iv.  788 
Hydroperitoneum,  i.  563 
Hydrophobia,    vi.    830;    and    see 
Babies 

dyspncoa  in,  iii.  580 
Hydrophone,  vii.  459,  460 
Hydrophthalmus,  iv.  364 
Hydropic  degeneration,  iii.  394 

of  muscle,  vi.  38 
Hydropneumothorax,  vi.  667 

physical  signs  of,  vi.  668 
Hydrops,  vi.  334;  and  see  (Edema 

adiposus,  iii.  79 

ascites,  i.  563 

chylosus,  iii.  79 

of  the  antrum  of  Highmore,  v. 
248 

of  the  knee,  v.  373 
treatment,  v.  388 

of  the  omentum,  vi.  359 

of  the  ventricles  of  the  brain,  iv. 
777 
Hydropsia  spuria,  vi.  337 
Hydroquinone,  iv.  788 

effect  of,  on  bodily  temperature, 
ii.  571 

in  the  urine,  viii.  44 
Hydrorrhoea,  vi.  114 
Hydrosalpinx,   pathology   of,   iv. 

135 
Hydrostatic  test,  i.  673 
Hydrotherapy,  iv.  788 

in  chronic  diseases,  iv.  793 

in  insanity,  v.  73 
Hydrothionsemia,  an  auto-intoxi- 
cation, i.  645 
Hydrous  wool  fat,  v.  405 
Hydroxide  of  iron,  v.  335 

of  magnesium,  v.  673 


Horseshoe  tourniquet. 
Hyperostosis, 


Hydroxide  of  potassium,  vi.  743 

of  sodium,  vii.  356 
Hydroxylamine,  iv.  792 

hydrochloride,  iv.  793 
Hydrozone,  iv.  787 
Hyeres  and  Costebelle,  iv.  793 
Hygiene,  military,  iv.  792 

alcohol,  iv.  805 

antiscorbutics,  iv.  803 

barracks,  iv.  807 

bathing,  iv.  816 

beverages,  iv.  804 

camps,  iv.  809 

clothing,  iv.  793 

food,  iv.  798 

foot  covering,  iv.  795 

general  considerations,  iv.  817 

guard  duty,  iv.  815 

gymnastics,  iv.  816 

habitations,  iv.  708 

head  covering,  iv.  794 

marching,  iv.  814 

rations,  iv.  799 

setting-up,  iv.  815 

tents  and  camps,  iv.  809 

underclothing,  iv.  795 

uniform,  iv.  793 

water,  iv.  804 

weight    of    equipments,   arms, 
etc.,  iv.  797 
Hygiene,  naval,  vi.  154 

climatic  conditions,  vi.  178 

clothing,  vi.  180 

environment,  vi.  178 

examination  of  recruits,  vi.  180, 
187 

food,  vi.  171,  179 

introductor}',  vi.  154 

rations,  vi.  171 

subjective  conditions,  vi.  179 

the  sick,  vi.  187 

ventilation,  vi.  155 

water,  vi.  167 
Hygiene  of  acclimatization,  i.  54 

of  infancy,  iv.  859 

of  insanity,  v.  73 

of  occupation,  vi.  316 
Hygienic  treatment  of    infantile 

diarrhoea,  iii.  446 
Hygroma,  iv.  794 

congenitum  colli,  iv.  794 
Hygrophilia,  iv.  794 

spinosa,  iv.  794 
Hymen,  vi.  568;  vii.  166 

cysts  of,  iii.  351 
Hymenolepis,  ii.  791 

diminuta,  ii.  791 

murina,  ii.  791 

nana,  ii.  791 
Hymenomycetes,  iv.  282 
Hymenoptera,  poisonous,  v.  167 
Hyofascialis  muscle,  vi.  45 
Hyoglossus  muscle,  anomalies  of, 

vi.  47 
Hyoid  bone,  vi.  198 

dislocations  of,  iii.  513;  iv.  794 

fractures  of,  iv.  794 
Hyoscine,  iv.  795 

hydrobromate,  iv.  795 
as  a  hypnotic,  iv.  818 

hypodermatic  use  of,  iv.  820 

toxic  action  of,  iv.  795 
Hyoscyamina,  iv.  795 
Hyoscyamine,  iv.  795 

as  a  hypnotic,  iv.  818 

effect  of,  on  body  temperature, 
ii.  571 

hydrobromate,  iv.  795 


Hyoscyamine  sulphate,  iv.  795 
Hyoscyamus,  iv.  637 

album,  iv.  638 

uiger,  iv.  637 

poisonous,  i.  610 
HyperacDusis,  iii.  603 
HypersBmia,  v.  551 

active,  v.  551;  viii.  545,  551 

as  a  therapeutic  agent,  viii.  545 

as  precursor  ot  cystitis,  i.  793 

Bier's,  viii.  545 

cerebral,  ii.  368 

constriction,  viii.  550 

headache  in,  iv.  549 

mechanical,  v,  551 

of  chorion,  iii.  53 

of  choroid,  iii.  64 

of  conjunctiva,  iii.  340 

of  liver,  v.  551 

of  lungs,  V.  591 

cf  ffisophagus,  vi.  338 

of  omentum,  vi.  358 

of  placenta,  iii.  53 

of  retina,  vi.  953 

of  striated  muscle,  vi.  26 

passive,  v.  551 ;  viii.  545 

pathology  of,  iii.  130 

suction,  viii.  547,  553 
Hypersestnesia,  vii,  117 

in  hysteria,  iv.  831 

in  insanity,  v.  51 

ocular,  i.  582 

of  larynx,  v.  427 

of  mamma,  ii.  473 

of  nipple,  ii.  473 

of  pharynx,  vi.  605 
Hyperchlorhydria,  vii.  500 
Hyperemesis    of  pregnancy,  iv. 

345 
Hyperidrosis,  ii.  486;  iv.  796 
Hyperisotonic  solutions,  viii.  417 
Hyperkeratosis,  iii.  291 ;  v.  307 

eccentrica,  vi.  735 

figurata  centrifuga  atrophicans, 
vi.  735 

of  the  extremities,  v.  305 

subungualis,  vi.  94 
Hyperkinesis,  varieties  of,  iii.  275 

of  stomach,  vii.  502 
Hyperleucocytosis,  v.  491 
Hypermetropia,  i.  56,  583;  iv.  796; 
vi.  77 

absoluta,  iv.  797,  800 

acquisita,  iv.  800 

and  emmetropia,  difference  be- 
tween, iv.  796 

aphakia,  iv.  803 

diagnosis  of,  iv.  801 

facultativa,  iv.  799 

fundus  of  eye  in,  vi.  373 

latens,  iv.  798 

manifest,  iv.  798 

measurement  of,  iv.  801 

objective    measurement   of,   iv. 
801 

relativa,  iv.  799 

subjective  measurement  of,  iv. 
801 

treatment  of,  iv.  803 
Hypernephroma,  iv.  805 
Hyperopia,  see  Hypermetropia 
Hyperosmia,  vi.  131 
Hyperostosis,  vi.  425,  569 

circumscribed,  vi.  569 

in  syphilis,  ii.  133 

of  the  external  auditory  canal, 
iii.  620 

of  the  mastoid  process,  iii.  682 

815 


Hyperostosis. 
Infancy, 
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Hyperostosis  of  the  skull,  vi.  274 

of  the  upper  jaw,  v.  250 
Hyperphalang^ism,  iv.  494 
Hyperplasia,  iv.  809;  and  see  Ey- 
pertropliy 
compensatory,  iv.  810 
general  considerations,  iv.  810 
lymphadenoid,   in    status    lym- 

phaticus,  vii.  447 
of  the  bronchial  glands,  v.  729 
of  the  lymph  nodes,  v.  662 
of  the  omentum,  vi.  360 
of  the  spleen,  vii.  426 
Hyperpnoea,  vi.  951 
Hyperpyrexia,  iv.  620 
Hypersusceptibility,  viii.  354 
Hyperthyroidism,  viii.  417 
Hypertonic  solutions,  viii.  417 
Hypertrichosis,  iv.  807;  vii.  717 
Hypertrophic    cirrhosis    of   the 

liver,  V.  545 
Hypertrophic  elongation  of  cer- 
vix uteri,  viii.  65 
Hypertrophic  rhinitis,  vi.  119 
Hypertrophy,  iv.  809 
acquired,  iv.  809 
causes  of,  iv.  809 
compensatory,  Iv.  809 
intrinsic,  iv.  809 
laborers',  iv.  810 
numerical,  iv.  809 
of  Luschka's  tonsil,  iii.  613 
of  non-striated  muscle,  vi.  39 
of  striated  muscle,  vi.  27 
of  the  adrenals,  vii.  567 
of  the  arteries,  ii.  96 
of  the  bladder,  i.  768 
of  the  cervix  uteri,  viii.  65 
of  the  clitoris,  viii.  162 
of  the  fingers,  iv.  498 
of  the  hand,  Iv.  498 
of  the  heart,  ii.  822;  iv.  591 
of  the  labia  minora,  viii.  162 
of  the  lachrymal  glands,  v.  394; 

vi.  406 
of  the  larynx,  v.  419 
of  the  mamma,  ii  472 
of  the  nails,  vi.  93 
of  the  oesophagus,  vi.  343 
of  the  ovary,  vi.  433 
of  the  parathyroids,  vi.  507 
of  the  pituitary  gland,  vi.  640 
of  the  placenta,  vi.  651 
of  the  prepuce,  i.  722 
of  the  prostate,  vi.  762 
of  the  veins,  viii.  209 
of  the  vulva,  viii.  162 
quantitative,  iv.  809 
true,  iv.  809 
Hyperuresis,  iv.  731 
Hypholoma,  iv.  285 

sublateritium,  iv.  285 
Hy^jhomycetes,  i.  720 
Hypuol,  iv.  811 
Hypnone,  iv.  811 
Hypnosis,  iv.  811 
Hypnotic  states,  iii.  261 
Hypnotics,  iv.  813 

indications  for,  iv.  813 
in  insanity,  v.  72 
mode  of  action,  iv.  813 
Hypnotism,  i.  648 ;  iv   811 

history  of,  iv.  811 
Hypoblast,  iv.  337 
Hypochlorites  of  lime  and  soda, 

germicidal  action  of,  iv.  333 
Hypochondriasis,  v.  130;  and  see 
Insanity,  hypoclwndria-cal 

816 


Hypoderma  bovis,  v.  152 

lineata,  v.  152 
Hypodermatic    medication,    iv. 
818;  V.  735 
advantages  of,  iv.  821 
disadvantages  of,  v.  735 
Hypodermatic  syringe,  iv.  819 
Hypodermoclysis,  iv.  822 
indications  for,  iv.  822 
in  shock,  vii.  202 
quantity  of  fluid  to  be  used,  iv. 

822 
technique,  iv.  823 
Hypogastric  lymphatic  glands, 

V.  640 
Hypogastric  plexus,  v.   640;  vii. 

578 
Hypoglossal  nerve,   iii.   318;    iv. 
823 
paralysis  of  muscles  supplied  by, 

iv.  823 
pathology,  iv.  823 
physiology,  iv.  823 
Hypoisotonic  solutions,  viii.  417 
Hypoleucocytosis,  v.  491,  493;  and 

see  Leucopenia 
Hypomania,  v.  123 
Hypophalangism,  iv.  492 
Hypophosphites,  iv.  824 

of  iron,  v.  227 
Hypophysin,  vi.  413 
Hypophysis  =  pituitary  body,  ii. 

165 
Hypophysis  cerebri,  vi.  639 
Hypoplasia,  i.  140,  606 

of  heart  and  vascular  system,  i. 

140 
of  uterus,  viii.  77 
vascular,  ii.  95 
Hypopyon,  iii.  287 
Hypopyon  keratitis  as  a  cause  of 

blindness,  ii.  10 
Hyposecretion  of  gastric  juice, 

vii.  503 
Hypospadias,  vii.  174,  709 

in  the  female,  viii.  161 
Hypostasis,  ante-mortem,  cause  of, 
iii.  121 
external,  ii.  536 

evidence  of  death,  ii.  536 
post-mortem,  ii.  536;  iii.  121 
Hyposulphites,  vii.  557 
Hypotonic  solutions,  viii.  417 
Hypotrichosis,  vii.  717 
Hyssop,  V.  379 

hedge,  vii.  78 
Hyssopus  officinalis,  v.  379 
Hysterectomy,  iv.  825 

abdominal,  for  cancer  of  cervix 

uteri,  viii.  92 
after-treatment,  iv.  830 
coelio-,  iv.  825 
combined,  iv.  830 
complications,  iv.  830 
history  of,  iv.  825 
indications  for,  iv.  825 
kolpo-,  iv.  828 
kolpo-coelio-,  iv.  830 
vaginal,   for  cancer    of    cervix 
uteri,  viii.  90 
Hysteria,  iii.  261 ;  iv.  831 ;  and  see 
Insanity,  hysterical 
acoustic,  hearing  in,  iii.  603 
ansEsthesia  in,  i.  283 ;  iv.  832 
circulatory   disturbances  in,  iv. 

833 
clinical  history  of,  iv.  831 
convulsions  in,  iv.  832 


Hysteria,  definition,  iv.  831 

diagnosis  of,  iv.  834 

dyspnoea  in,  iii.  580 

effect  of  "  damages  "  in,  vi.  239 

electrical  treatment  of,  ii.  653 

etiology,  iv.  831 

excretory  disturbances  in,  iv.  833 

hand  in,  iv.  532 

headache  in,  iv.  548 

hyperesthesia  in,  iv.  831 

major,  iv.  831 

mental  condition  in,  iv.  833 

minor,  iv.  831 

motor  disturbances  in,  iv.  832 

paralysis  in,  iv.  832 

prognosis,  iv.  834 

secretory  disturbances  in,  iv.  833 

sensory  disturbances  in,  iv.  831 

traumatic,  vi.  240 

treatment,  iv.  834 
Hysterical  lesions  of   upper  ex- 
tremity, i.  472 
Hysterical  spine,  vii.  389 
Hysterionica,  iv.  415 

Baylahueu,  iv.  415 
Hystero-catalepsy,  ii.  717 
Hystero-epilepsy,  iv.  833 

Ibit,  iv.  835 
Ice,  see  Cold 

for  soldiers'  use,  v.  805 
purer  than  the  water  from  which 
it  is  formed,  viii.  277 
Ice  applications,  iii.  194 
Ice  hag,  iv.  790 
Ice  calorimeter,  ii.  561 
Ice  cream,  poisoning  by,  iv.  189 
Iceland  moss,  vi.  1 
Icene,  vi.  755 
Ichor,  i.  45 
Ichthalbin,  iv.  835 
Ichthargan,  iv.  835 
Ichthoform,  iv.  835 
IchthyocoUa,  v.  234 
Ichthyol,  iv.  835 

albuminate,  iv.  835 

silver;  iv.  835 
Ichthyomethia  piscipula,  iii.  550 
Ichtyosis,  iii.  291 ;  iv.  836 

anerine  des  scrofuleux,  v.  307; 
and  see  Keratosis  pilaris 

diagnosed  from  seborrhoea,  vii. 
89 

diagnosis  of,  Iv.  838 

foetalis,  iv.  840 

follicularis,  v.  306;  and  see  Kera- 
tosis follicularis 

hystrix,  iv.  837 

palmaris,  v.  304;  and  see  Kera- 
toderwa  palmare 

plantaris,  v.  304 ;  and  see  Kera- 
toderma  plant  are 

sebacea,  vii   87 
IchthyotoxisnxUs,  iv.  188 
Icterus,  V.  244 ;  and  see  Jaundice 

after  hemorrhages,  v.  247 

akathectic,  vi.  483 

catarrhalis,  iv.  289 

diffusion,  vi.  483 

drowsiness  in,  iii.  560 

ex  emotione,  v.  247 

gastro-duodeaalis,  iv.  289 

gravis,  v.  536 

inanition,  v.  247 

neonatorum,  iv.  856;  v.  246:  vi 
280 

psychlcus,  V.  247 

simplex,  ;v.  289 
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Icterus,  spasticus,  v.  247 

syphiliticus,  v.  247 
Idaho,     requirement    for    medical 

practice  in,  iv.  48 
Idaho  Hot  Springs,  iv.  840 
Idau-Ha  Spring,  iv.  841 
Ideas,  compulsive,  v.  131;  and  see 
Insanity,  compuldve 
fixed  and  insistent,  in  insanity, 

V.  48 
flight  of,  V.  121 
imperative,  v.  131 
paraplegia  dependent  upon,  vi. 
499 
Identification  of  charred  hodies, 

i.  674 
Idiocy,  V.  145 

amaurotic  family,  v.  150;  vi.  958 
diagnosis,  v.  148 
diplegic,  V.  149 
epileptic,  v.  149 
etiology,  v.  146 
hemiplegic,  v.  149 
hydrocephalic,  v.  148 
microcephalic,  v.  148 
Mongolian,  diagnosed  from  cre- 
tinism, iv.  395 
paralytic,  v.  149 
pathology,  v.  146 
prognosis,  v.  151 
resulting  from  consanguinity  of 

the  parents,  iii.  257 
sensorial,  v.  150 
symptoms,  v.  147 
traumatic,  v.  150 
treatment,  v.  151 
Idiopathic  catalepsy,  ii.  716 
Idioplasm,  iv.  647 
Idiosyncrasy,  iv.  841 

dosage  modified  by,  iii.  551 
in  regard  to  drugs,  iv.  842 
Idiotisme,  v.  101 ;  and  see  Dementia 

prmcox 
Igasiiric  acid,  vi.  308 
Igazol,  iv.  842 
Ig^atia,  iv.  843 
Ileo-colitis,  acute,  in  children,  iii. 

444 
Ileothoracopagus,  vii.  863 
Ileum,  V.  185 
Ilex  paraguensis,  v.  713 

verticillata,  i.  170 
Iliac  artery,  circumflex,  anomalies 
of,  i.  534 
common,  anomalies  of,  i.  523 

compression  of,  i.  537 
external,  anomalies  of,  i.  534 

compression  of,  i.  537 
internal,  anomalies  of,  i.  535 
Iliac     lymphatic      glands     and 

plexus,  V.  640 
Iliac  regions,  i.  11 
Iliac  veins,  anomalies  of,  viii.   206 
Iliacus  minor  muscle,  vi.  56 
Iliacus  muscle,  anomalies  of,  vi. 
56 
superficial,  vi.  56 
Ilicinese,  i.  428 
Ilio-capsularis  muscle,  vi.  56 
Ilio-inguuial  nerve,  vii.  736 
Ilio-lumtoar  neuralgia,  vi.  247 
Ilio-tibial  hand  of  the  fascia  lata, 

vii.  737 
Ilium,  vi.  537 

development  of,  vi.  543 
dislocation  of  femur  on  dorsum 
of,  iii.  524 
Illegitimacy,  viii.  248 
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Ill-humor,  transitory,  in  epileptic 

insanity,  v.  99 
lUicium',  i.  358 

anisatum,  i.  358 

religiosum,  i.  358 

veruni,  i.  358 
Illinois,  history  of  yellow  fever  in, 
viii.  588 

requirement  for  medical  practice 
in,  iv.  48 
"Illinois,"  ventilation  of  the,  vi. 

164 
Illuminating  agents,  characteris- 
tics of  chief,  iv.  761 
Illuminating  gas,  ii.  663 

action  of,  on  economy,  ii.  664 

effect  of,  on  foetus,  vi.  279 

poisoning  by,  ii.  663 
Illusions,  V.  46 

as  symptom  of  insanity,  v.  46 
Images,  formation  of,  in  the  eye, 

iv.  85 
Imbecility,  v.  145 

diagnosis,  v.  148 

etiology,  v.  146 

moral,  v.  136 

pathology,  v.  146 

prognosis,  v.  151 

symptoms,  v.  147 

treatment,  v.  151 
Immobilization  of  limb  by  plaster- 

of-Paris,  iii.  558 
Immunity,  iv.  843,  872 

acquired,  iv.  843 

and  heredity,  iv.  664 

inherited,  iv.  846 

natural,  iv.  846 

relation  of  phagocytosis  to,  vi. 
579 

specific,  iv.  845 

theories  of,  iv.  845 

variation  in,  iv.  843 
Immunization,  viii.  534 

methods  of,  viii.  445 
Impacted  cerumen,  iii.  614 
Impacted  fractures,  iv.  248 
Impaction,  faecal,  iii.  204 
Imperforation,    i.    603;    and    see 

Atresia 
Imperial  draught,  vi.  745 

drink,  how  to  make,  iii.  456 
Impetigo,4v.  846  - 

contagiosa  of  the  auricle,  iii.  606 

diagnosed  from  eczema,  iii.  715 
from  smallpox,  vii.  250 
Implantation  cone,  vi.  235 
Implantation  metastasis,  v.  778 
Implantation  of  ureters,  viii.  14 
Impotence,  i.  420;  vii.  192 

irritable,  i.  420 

nervous,  i.  420;  vii.  192 

organic,  i.  420;  vii.  192 

paralytic,  i.  420 

psychical,  i.  420 

symptomatic,  vii.  192 
Impregnation,  iv.  847 

after  the  menopause,  ii.  800 
Impulses,  morbid,  v.  133 
Impulsions,  v.  48 

in  insanity,  v.  48 
Inactive  alpha  -  amido-isobutyl- 

acetic  acid,  ptomain,  vi.  788 
In-and-in  breeding  of  animals, 

Inanition  in  insanity,  v.  71 
Incapacity,  civil,  iii.  127 
Incisor  teeth,  vii.  646 
Inclusion  cysts,  iii.  349 


Hyperostosis. 
Infancy. 


Incompatibility,  medicinal,  iv.  853 
Incontinence  of    urine,   viii.  578; 
and  see  Enuresis 

pyloric,  vii.  503 

seminal,  vii.  192 
Incubator    infants,   statistics    of, 

vi.  7.52 
Incubators,  vi.  749;  viii.  423 
Incudo-tympanic  joint,  iii.  586' 
Incus,  i.  617;  iii.  585 

removal  of  the,  iii.  672 
Index,  in  study  of  variations,  viii. 
184 

cranial,  vii.  230 

occipital,  ii.  275 

parietal,  ii.  275 

pelvic,  vi.  541 

sacral,  vi.  536 
India,  Pharmacopoeia  in,  vi.  582 
India-rubber,  vi.  1002 
Indian  apple,  see  Fodopliyllum 
Indian  cannabis,  ii.  647 
Indian  corn,   toxic  effect   of,   see 

Pdlegra 
Indian  hemp,  ii.  647 
Indian  physic,  v.  212 
Indian  Mineral  Springs,  iv.  854 
Indian  poke,  iv.  625 
Indian  Springs,  Butts   County, 

Ga.,  iv.  854 
Indian  Springs,  Martin  County, 

Ind.,  iv.  855 
Indian  Territory,  requirements  for 

medical  practice  in,  iv.  48 
Indiana,  food  and  drug  adulteration 
in,  iv.  174 

requirement  for  medical  practice 
in,  iv.  48 
Indiana    Mineral    Springs    and 

Mud  Baths,  iv.  855 
Indianapolis,  Indiana,  iv.  855 
Indican  in  urine,  v.  774;  viii.  44 

tests  for,  viii.  45 
Indigestion,  vii.  492 

causes,  vii.  492 

diarrhoea  from,  iii.  439 

dysentery  from,  iii.  568 

headache  from,  iv.  547 

nervous,  treatment  of,  vi.  253 

symptoms,  vii.  493 

treatment,  vii.  497 
Indigo  concretions,  iii.  235 

wild,  iv.  855 
Indirect  necrosis,  vi.  201 
Individual,  the,  in  heredity,  iv.  660 
Indole,  ptomain,  vi.  789 

germicidal  action  of,  iv.  333 
Indoxyl  in  urine,  viii.  44;  and  see 
Indican 

potassium  sulphate,  see  Indican 
Indusium,  ii.  184 
Industrial   poisoning  by  arsenic, 

viii.  348 
Inee,  vii.  541 
Infancy,  iv.  855 

anatomical     and    physiological 
characteristics  of,  iv.  856 

circulation  in,  iv.  857 

definition  of,  iv.  855 

dentition  in,  iv.  855 

development  of  senses  and  men- 
tal faculties,  iv.  858  _ 

digestive  tract  in,  iv.  857 

faeces  in,  iv.  858 

feeding  in,  iv.  859 

growth  in,  iv.  858 

hemiplegia  in,  iv.  633 

hygiene  in,  iv.  859 
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Infancy,  mortality  in,  iv.  859 
pulse  in,  iv.  857 
respiration  in,  iv.  857 
Infant  foods,  preparation  of,  iii.  446 
Infant  foods,  patented,  iv.  866 
amounts  to  be  given,  iv.  867 
analysis  of,  iv.  867 
Infant  hygiene,  iv.  859 
Infant  mortality,  iv.  859;  viii.  251 
effect  of  female  work  on,  vi.  321 
of  high  birth  rate  on,  viii.  351 
of  intemperance  and  poverty 
on,  viii.  251 
Infanticide,  i.  672;  viii.  619 
Infantile  bronchitis,  vi.  684 
colic,  iii.  198 
diarrhoea,  iii.  443 
eczema,  iii.  720 

paralysis,  iv.  633;   see  also  Pa- 
ralysis, infantile  spinal 
scorbutus,  vii.  81 
diagnosis,  -vii.  82 
etiology,  vii.  81 
pathology,  vii.  82 
treatment,  vii.  82 
Infantilism,  diagnosed  from  cretin- 
ism, iv.  395 
Infants,  see  New-born 

artificial  feeding  of,  iv.  861 
bronchopneumonia  in,  vi.  684 
composition  of  fseces  of,  iv.  858 
examination  of,  iv.  860 
fracture  of  femur  in,  iv.  266 
growth  of,  iv.  418 
incubator,  statistics  of,  vi.  752 
inherited  syphilis  affecting  the 

ear,  iii.  684 
pneumonia  in,  vi.  682 
premature,  vi.  747 
pseudoleuksemia  of,  vi.  772 
purulent  conjunctivitis    in,   iii. 

242 
selection  of  a  wet-nurse  for,  viii. 

304 
significance  of  crying  in,  iii,  384 
treatment  of  colic  in,  iii.  198 
Infarction,  iv.  868 
anfEmic,,iv.  868 
bilirubin,  iv.  868 
calcium,  iv.  868 

carcinomatous  lymphatic,  ii.  683 
chalk,  iv.  868 
hsematoidin,  iv.  868 
hemorrhagic,   iii.    122;   iv.  868; 

viii.  214 
melanin,  iv.  868 
of  the  chorionic  villi,  iii.  53 
of  the  heart,  iv.  579 
of  the  lung,  v.  591 
of  the  omentum,  vi.  358 
of  the  placenta,  iii.  54 
of  the  spleen,  vii.  427 
uric  acid,  iv.  868 

in  the  new-born,  vi.  381 
Infection,  iv.  869 

action  of,  on  body,  iv.  871 
and  heredity,  iv.  663,  664 
bacterial  excitant,  iv.  870 
communicability  of,  iv.  871 
host,  iv.  870 
idiosyncrasy  in,  iv.  843 
immunity  from,  iv.  872 
inheritance  of,  iv.  660 
in  the  new-born,  vi.  277 
leucocytosis  in,  v.  492 
portals  of  entry,  iv.  871 
protozoic,  iii.  416 
puerperal,  vi.  793 
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Infection  to  avoid,  v.  379 
Infectious  diseases,  acute,  diet  in, 
iii.  461 
relation    between    delirium 
and,  iii.  399 
communicability  of,  iv.  871 
due  to  occupation,  vi.  330 
headache  in,  iv.  548 
in  military  service,  ii.  573 
joint  complications  in,  v.  365 
notification  of,  vi.  296 
Inferior   constrictor  of  pharynx 

muscle,  anomalies  of,  vi.  47 
Inferior    hypogastric    plexus,    vii. 
578 
mesenteric  plexus,  vii.  578 
Inferior       long'itudinal       sinus, 

anomalies  of,  viii.  204 
Inferior  ohlique  accessory  mus- 
cle, vi.  43 
Inferior  petrosal  sinus,  anomalies 

of,  viii.  304 
Infiltrations,  iii.  394;  iv.  872 
calcareous,  vi.  575 

in  blood-vessels,  ii.  96 
in  capillaries,  ii.  93 
fatty,  v.  517 

of  liver,  v.  550 
fluid,  iv.  873 
inflammatory,  iv.  873 
leukoemic,  iv.  873 
of  the  cornea,  iii.  388 
parasitic,  iv.  873 
petrifying,  vi.  575 
syphilitic,  iv.  873 
tissue,  iv.  872 
tubercular,  iv.  873 
tumor,  iv.  872 
Infl.ammation,  v.  1 
acute,  V.  10 
amputation  for.  i.  337 
bacteria  in,  v.  6 
blood  changes  in,  v.  3 
causes,  v.  1 
chemotaxis  in,  v.  8 
chronic,  v.  H 
diapedesis  in,  iii.  433 
exudation  in,  v.  5 
fibrinous,  v.  6 
hemorrhagic,  v.  6 
leucocytosis  in,  v.  4'93 
new  formation  of  blood-vessels 

in,  V.  9 
of  Cowper's  glands,  iii.  306 
of  the  arteries,  ii.  96 
of  the  bone,  vi.  418 
of  the  bronchial  glands,  v.  587 
of  the  burs£e,  v.  366 
of  the  chorion,  iii.  58 
of  the  cornea,  iii.  284 
of  the  decidua,  iii.  389 
of  the  diaphragm,  iii.  435 
of  the  lachrymal  gland,  v.  394 
of  the  lymph  nodes,  v.  660 
of  the  mamma,  ii.  474 
of  the  mediastinum,  v.  732 
of  the  mouth,  viii.  487;  and  see 

Stomatitis 
of  the  mucous  membranes,  vi.  8 
of  the  muscles,  vi.  30,  39 
of  the  nasal  mucous  membranes, 

vi.  109 ;  and  see  Rhinitis 
of  the  oesophagus,  vi.  389,  and 

see  (Esoplmgitis 
of  the  omentum,  vi.  359,  361 
of  the  ovary,  see  Ooplioritis 
of  the  pericardium,  see  Perica/r- 


Inflammation  of  the  periosteum, 
vi.  419 
of  the  peritoneum,  see  Peritonitis 
of  the  pituitary  gland,  vi.  640 
of  the  placenta,  iii.  58 
of  the  salivary  glands,  vii.  13 
of  the  soft  palate,  viii.  107 
of  the  stomach,  see  Gastritis 
of  the  thymus  gland,  v.  729 
of  the  umbilicus,  viii.  6 
of  the  upper  jaw,  v.  347 
of  the  ureter,  viii.  11, 14;  and  see 


of  the  urethra,  viii.  17;  and  see 

Urethritis 
of  the  uvula,  viii.  107;  and  see 

Umlitis 
of  the  vagina,  viii.  163 ;  and  see 


of  the  veins,  viii.  310;  and  see 

Phlebitis 
of  the  vitreous,  viii.  365 ;  and  see 


reparative  changes  in,  v.  8 
serous,  v.  6 
suppurative,  v.  6 
symptoms,  v.  1 
tissue  changes  in,  v.  3,  7 
uveal,  vii.  591 ;  and  see  Uveitis 
Inflammatory  conditions  as  cause 
of  extra-uterine  pregnancy,  iv. 
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of  hand  and  fingers,  iv.  503 
Inflammatory  inflltration,  iv.  873 
Inflation  cannula,  iv.  704 
Inflation  of  intestines,  in  obstruc- 
tion, V.  175 

of  middle  ear,  iii.  663 
Influenza  v.  11 

among  troops,  ii.  581 

bacillus  of,  i.  697 ;  v.  18 

bacteriology  of,  i.  693 ;  v.  13 

complications  and  sequelae,  v.  15 

diagnosis,  v.  16 

etiology,  v.  13 

in  the  new-born,  vi.  378 

morbid  anatomy,  v.  14 

of  the  pharynx,  vi.  592 

parotitis  following,  vi.  513 

prevention  of,  v.  17 

prognosis,  v.  16 

sputum  in,  vii.  438 

symptoms,  v.  14 

treatment,  v.  17 

vaccination  against,  v.  17 
Infraction,  iv.  248 
Infraspinatus   muscle,   anomalies 

of,  vi.  51 
Infundibulum  of  lung,  v.  580 
Infusions,  v.  736 

compound,  of  gentian,  iv.  838 
of  senna,  vii.  117 

of  basil,  i.  736 

of  broom,  ii.  498 

of  cinchona  calasaya,  iii.  89 

of  digitalis,  iii.  478 

of  elecampane,  iii.  742 

of  erigeron,  iv.  158 

of  evening  primrose,  vi.  755 

of  fleabane,  iv.  158 

of  horehound,  iv.  786 

of  jequirity,  v.  260 

of  juniper  berries,  v.  299 

of  koosso,  V.  377 

of  pennyroyal,  vi.  550 

of  persimmon,  vi.  574 

of  prunus  virginiana,  ii .  804 

of  ustilago,  viii.  64 
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Infusoria,  viii.  636 

Ingals'     operation    for    deviated 

nasal  septum,  vi.  136 
Ingrown  toe-nail,  v.  18 ;  vi.  93 
Inguinal  canal,  iv.  334,  670 
Inguinal  hernia,  iv.  669 

mechanical  treatment  of,  iv.  683 

radical  cure  of,  iv.  673 
Inguinal  lymphatic   glands,   v. 
684  ' 

extirpation  of,  vii.  178 
Inguinal  region,  anatomy  of,  i.  6 
Inguiuo-femoral  region,  anatomy 
of,  1.  8  >  } 

Inhalation  of  noxious  gases  as  a 
cause  of  asphyxia,  i.  576 

vocal  bands  in,  i.  451 
Inhalations,  v.  733 
Inhalers  for  administering  anaes- 
thetics, iii.  13 
Inheritance,  see  Heredity,   Correla- 
tion 

chemico-physical  theory  of,  iv. 
662 

direct,  iv.  639 

exclusive,  iv.  643 

particulate,  iv.  643 

uniparental,  iv.  643 

Weissmann's  theory  of,  iv.  661 
Inhibition,  v.  19 

cardiac,  v.  30 

comparative,  v.  19 

disturbance  of,  in  insanity,  v.  55 

historical,  v.  19 

of  movements  of  intestines,  v. 
34 

of  pain,  V.  35 

of  reflex,  v  34 

of  secretions,  v.  34 

of  stomach,  v.  34 

referred  to  cerebral  cortex,  v.  35 

vaso-motor,  v.  34 
Iniencephalus,  vii.  698 
Inion,  vii.  329,  338 
Injecting  cannulas,  iv.  736 
Injecting,   methods  of,  in   histo- 
logical technique,  iv.  733 
Injections,  hypodermatic,  iv.  818 

intravenous,  v.  193 

rectal,  v.  734 ;  and  see  JEnemata 
Injuries,  a  cause  of  inflammation, 

V.  1 

amputation  for,  i.  335 

of  the  eye,  a  cause  of  blindness, 
ii.  11 

of  the  larynx,  v.  414 

of  the  muscles,  vi.  88 

of  the  nails,  vi.  93 

of  the  prostate,  vi.  757 

of  the  ureters,  viii.  13 

of  the  urethra,  viii.  15 

relation  of,  to  nervous  diseases, 
vi.  238 

requiring  amputation,  i.  235 
Ink  containing  arsenic,  poisoning  by, 

viii.  348 
In-knee,  see  Krwck-knee,  v.  373 
Innervation,  v.  35 
Innominate  artery,  anomalies  of, 

i.  636 
Innominate  hone,  vi.  536 

development  of,  vi.  543 
Innominate  vein,  anomalies  of,  viii. 

303 
Inoculation  of  animals,  viii.  393 
Inorganic  murmur,  ii.  823 
Inosite  in  urine,  viii.  53 

tests  for,  viii.  53 
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Inquest,  coroner's,  iii.  394 
Insane  as  vifitnesses,  v.  77 
care  of  the,  v.  71 
commitment  of,  by  civil  process, 

V.  75 
contracts  with  the,  v.  76 
examination  of  the,  v.  67 
general  paralysis  of  the,  see  Par- 
esis 
supervision  of  the   person  and 
property  of  the,  v.  76 
Insanity,  v.  25 

accessory  causes  of,  v.  38 
acute  febrile  disturbances  in  re- 
lation to,  v.  35 
age  in  relation  to,  v.  30 
alcoholic,  v.  81 ;  and  see  AlcoJwl- 

ism 
alcoholism  a  factor  in,  v.  38 
among  troops,  ii.  614 
anxiety  in  relation  to,  v.  33 
autointoxications  in  relation  to, 

v.  34 
border  lines  of,  v.  64 
chorea  associated  with,  iii.  43 
choreic,  v.  100 
chronic  delusional,  v.  137 
circular,  v.  139 

civilization  in  relation  to,  v.  39 
civil  state  in  relation  to,  v.  30 
classification  of,  v.  25,  37 
climacteric,  v.  116 
climate  in  relation  to,  v.  30 
climatotherapy  in,  v.  73 
communicated,  v.  135 
compulsive,  v.  131 
confusional,  v.  79 

clinical  history,  v.  79 
definition,  v.  79 
differential  diagnosis,  v.  81 
etiology,  v.  79 
of  toxic  origin,  v.  45 
primary,  v.  79 
prognosis,  v.  81 
secondary,  v.  79 
treatment,  v.  81 
consanguineous  marriages  in  re- 
lation to,  iii.  357 
constitutional  diseases  a  cause  of, 

V.  33 
contrary  sexual  instincts  in,   v. 

134 
convalescence,  v.  74 
dependent    on  cerebral    causes, 

V.  94 
definition,  v.  35 
degenerative,  v.  128 
dementia  proecox,  v.  101 
depressive  forms  of,  v.  131 
diagnosis  of,  v.  64 
direct  causes  of,  v.  34 
diseases  of  women  a  factor  in,  v. 

33 
drowsiness    accompanying,    iii. 

560 
education  in  relation  to,  v.  39 
electrotherapy  in,  v.  73 
epileptic,  v.  98 
etiology,  v.  37 
fear  in  relation  to,  v.  33 
feigned,  v.  68 
from  arrest  of  development,  v. 

145 
from  drugs,   v.  84;  see  Opium- 
ism, and  Cocainism 
general  paresis,  v.  69,  86 
definition,  v.  86 
diagnosis,  v.  91 


Insanity,  general  paresis,  etiology, 
V.  86 

pathology,  v.  92 

prognosis,  v.  93 

symptomatology,  v.  93 

treatment,  v.  93 
hereditary  predisposition  to,  v.  28 
hydrotlierapy  in,  v.  73 
hygienic  measures  in,  v.  73 
hypochondriacal,  v.  130 
hysterical,  v.  97 
impulsive,  v.  133 
in  childhood,  v.  30 
mania,  v.  138 
manic-depressive,  v.  130 

diagnosis,  v.  136 

etiology,  v.  125 

prognosis,  v.  137 

symptoms,  v.  131 

treatment,  v.  127 
marriage  in  relation  to,  v.  77 
masturbation  in,  v.  39 
medication  in,  v.  72 
medicolegal  aspects,  v.  74 ;  viii.  620 
melancholia,  v.  117 
mental  therapeutics  in,  v.  74 
moral,  v.  136 
myxcedematous,  v.  143 
nationality  in  relation  to,  v.  80 
of  old  age,  v.  33 
of  puberty  and  adolescence,  v. 
101 

atypical  forms,  v.  104 

descriptive  definition,  v.  101 

diagnosis,  v.  107 

etiology,  v.  106 

mild  and  simple  form,  v.  103 

pathological  anatomy,  v.  108 

premonitory   symptoms,   v. 
103 

prognosis  and  progress,  v. 
108 

severe       and     complicated 
forms,  V.  103 

statistics,  v.  107 

the  disease  process,  v.  105 

treatment,  v.  ,109 
of  the  neuroses,  v.  97 
organic,  v.  94 
paralysis   with,  v.   86;  and  see 

Paresis 
paralytic,  v.  94 
paranoia,  v.  137 
pathological  anatomy  of,  v.  40 
pathology  of,  v.  36 
physical  causes  of,  v.  33 

symptoms  of,  v.  51 
poisons  in  relation  to,  v.  34 
postepileptic,  v.  99 
predisposing  causes,  v.  38 
preepileptic,  v.  99 
presenile,  v.  110 
prognosis  of,  v.  68 
progressive  systematized,  v.  137 
psychical  causes  of,  v.  33 

symptoms  of,  v.  44 
puerperal,  v.  33,  141 
religion  in  relation  to,  v.  80 
senile,  v.  109,  111 ;  and  see  De- 
mentia, senile;  Confusion, 


diagnosis,  v.  115 
etiology,  v.  114 
pathology,  v.  115 
prognosis,  v.  115 
treatment,  v.  115 
varieties,  v.  Ill 
sex  in  relation  to,  v.  30 
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Insanity,  simultaneous,  v.  135 

suicidal  tendency  in,  v.  70 

suicide  In  relation  to,  v.  28 

surgical  treatment  of,  v.  72 

symptomatology,  v.  43 

synonyms,  v.  25 

thyreogenic,  v.  143 

thyroid-gland    preparations    in, 
vi.  411 

toxic,  V.  34 

traumatic,  v.  35,  96 

treatment  of,  v.  71 
Insect  flOTwers,  v.  151 
Insect  powder,  v.  151 
Insecticides,  arsenical,  poisoning 

by,  viii.  347 
Insects  in  nasal  cavities,  vi.  142 

parasitic,  v.  152 

poisonous,  V.  158 

respiration  of,  vi.  945 
Insolation,  iv.  617;  and  see  Heat 
stroke 

among  troops,  ii.  617 

cause  of  Insanity,  v.  35 

drovFsiness  in,  iii.  560 
Insomnia,  v.  169 

causes  of,  v.  170 

diet  in,  iii.  466 

hydrotherapy  in,  iv.  792 

in  insanity,  v.  51,  71 

in  neurasthenia,  vi.  251 

significance  of,  v.  169 

treatment  of,  v.  170 
Inspection,  in  autopsy,  i.  651 

in  examination  of  the  heart,  li. 
819 

of  food  and  drugs,  iv.  162 

of  meat,  v.  728 

of  nfilk,  V.  839 

sanitary,  of  btnldings,  Iv.  768 
Inspiration,  see  Respiration,  vi.  944 

cog-wheel,  ii.  817 

interrupted,  ii.  817 
Inspissatio  sanguinis,  vi.  355 
Instep,  height  of,  in  diiferent  races, 

iv.  191 
Instruction  of  deaf-mutes,  iii.  367 
Instruments,  sterilization  of,  i.  568 
Insufficiency,  aortic,  physical  signs 
of,  ii.  834 

mitral,  physical  signs  of,  ii.  823 
Insufflation  of  the   lungs,   Fell- 

O'Dwyer  method  of,  iv.  142 
Insula,  ii.  187,  202 
Insular  fissare,  ii.  193 

gyre,  ii.  193 
Insular  sclerosis,  viii.  491 
Intellect  in  childhood,  ii.  882 
Intemperance  as  a  cause  of  insan- 
ity, V.  34 
Intercalatum,  locus  niger,  ii.  163 
Intercentral  fissure,  ii.  187 

gyre,  ii.  193 
Intercerebral  fissure,  ii.  187 
Intercostal  artery,  superior,  anom- 
alies of,  i.  529 
Intercostal     lymphatic     glasds^ 

and  plexus,  v.  644 
Intercostal  muscle,  vii.  748 

external,  anomalies  of,  vi.  60 

internal,  anomalies  of,  vi.  60 
Intercostal  nerves,  vii.  752 
Intercostal  neuralgia,  vi.  246 
Interdental  splints,  v.  258 
Interhemispheral  fissure,  ii.  187 
Intermaxillary  bone,  treatment  of, 

in  cleft  palate,  iii.  182 
Intenaedaal  fissure,  ii.  193 


Intermediary  body,  viii.  533 
Intermittent  fever,  v.  675 
diagnosis,  v.  676 
masked,  v.  677 
pathological  anatomy,  v.  675 
pharyngitis  in,  vi.  592 
prognosis,  v.  677 
prophylaxis,  v.  676 
symptoms,  v.  675 
treatment,!.  378;  v.  676 
Internal  abdominal  oblique  mus- 
cle, anomalies  of,  vi.  61 
Internal  capsule,  ii.  181 
Internal  glands,   disturbances    in 
secretion  of,  v.  774 
relation  to  auto-intoxication,  v. 

775 
theories  of  action  of,  v.  775 
Internal     intercostal     muscles, 

anomalies  of,  vi.  60 
Internal  jug^ular  vein,  anomalies 
of,  viii.  203 
ligation  and  exsection  of,  v.  713 
Internal  mammary  artery,  anoma- 
lies of,  i.  539 
vein,  anomalies  of,  viii.  202 
Internal  pudie  artery,  vi.  566 

anomalies  of,  i.  533 
Internal  secretions,  vii.  101 
Interosseous   membrane  of  fore- 
arm, iv.  243 
Interosseous  muscles  of  the  foot, 
anomalies  of,  vi.  60 
of  the  hand,  anomalies  of,   vi. 

55 
palmar,  of  the  thumb,  vi.  55 
Interosseous  nerve,  anterior,  in  the 
forearm,  iv.  248 
posterior,  in  the  forearm,  iv.  248 
Interpaidetal  fissure,  ii.  198 
Interpeduncular  space,  tumors  of, 

diagnosis,  ii.  447 
Interphalangeal    joint,    resection 

of,  vi.  911 
Interspinales  muscles,  anomalies 

of,  vi.  60 
Interstitial  tissue,  iii.  254 
Intertrigo,  iii.  709 
Intestin,  v.  170 
Intestinal    absorption,   effect    of 

enteroclysis  on,  iii.  883 
Intestinal    auto-intoxication   as 

cause  of  insanity,  v.  34 
Intestinal  catarrh,  diarrhoea  in,  iii. 

440 
Intestinal  colic,  iii.  196 
Intestinal   diseases  of  children, 

diet  in,  iii.  459 
Intestinal  dyspepsia,  diet  in,  iii. 

458 
Intestinal  movements,  v.  170 
influence  of  sympathetic  system 
on,  vii.  586 
Intestinal     obstruction     (surgi- 
cal), V.  172 
acute,  V.  173 
chronic,  v.  172 
from  diverticula,  treatment  of, 

V.  175 
from  ffecal  accumulation,  treat- 
ment of,  V.  176 
from  foreign  bodies,  treatment 

of,  V.  176 
from  intussusception,  treatment 

of,  V.  175 
from  volvulus,  treatment  of,  v. 
175 
Intestinal  peristalsis,  v.  170 


Intestinal  secretion,  disturbances 

of,  effect  on  metabolism,  v.  773 

influence  of  sympathetic  system 

on,  vii.  583 

Intestinal  surgerjr,  v.  176 

Intestinal  ulceration,  in  burns,  ii. 

518 
Intestine,  action  of  cocaine  on  the, 
iii.  158 
adenoma  of,  i.  113;  v.  188 
anastomosis  of,  by  Murphy  but- 
ton, iii.  306;  v.  180 
lateral,  iii.  207;  v.  178,  180 
anatomy  of,  i.  13 
angioma  of,  v.  188 
anthrax  of,  i.  365 
blood  supply  of,  v.  186 
calculi  in,  iii.  231 
carcinoma  of,  ii.  686 ;  v.  188 
condition  of  the,  in  diphtheria, 

iii.  484 
development  of,  i.  181 
effect  of  salt  solutions  on,  viii. 

418 
enterectomy,  v.  174 
enterostomy,  v.  183 
enterotomy,  v.  174,  183 
extract  of, -vr.  416 
fibroma  of,  v.  188 
fibromyoma  of,  v.  188 
histology  of,  v.  183 
hypertrophy     of     the    mucous 

membrane  of,  v.  187 
impaction  of,  iii.  204 
implantation  of,  lateral,  iii.  207 
inflammation  of,  see  Colitis,  Dys- 
entery, and  Enteritis 
injuries  of,  i.  18,  30 
intussusception  of,  iii.  303 
invagination  of,  iii.  303 
laparotomy,  v.  174 
large,  anatomy  of,  i.  14 
hernia  of,  iv.  683 
histology  of,  v.  185 
measurements  of,  viii.  389 
medication  of,  v.  734 
movements  of,  v.  171 
parasites  of,  vi.  501 
topographical   anatomy  of, 

i.  188 
tumors  of,  diagnosed  from 
renal  tumors,  v.  329 
lavage  of,  iii.  882 
lipoma  of,  v.  188 
lymphatics  of,  v.  187,  687 
malformations  of,  vii.  704,  705 
medication  of,  v.  734 
movements  of,  v.  170 

inhibition  of,  v.  24 
mucous  polyps  of,  v.  187 
muscular  coat  of,  v.  170 
new  growths  of,  v.  187 
nerves  of,  v.  187 
obstruction  of,  v.  173 
occlusion  of,  i.  604 
parasites  of,  vi.  501 
peristalsis  of ,  V.  170 
physiology   of,   see   Absorption, 

Digestion 
polypoid  adenoma  of,  v.  188 
sarcoma  of,  v.  188 
severed,  treatment,  v.  193 
small,  anatomy  of,  i.  13 
bacteria  in,  iii.  85 
histology  of,  V.  183 
measurements  of,  viii.  239 
medication  of,  v.  734 
parasites  of,  vi.  501 
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Intestine,  small,  secretion  of,  vii.  97 
tumors  of,  i.  35 
stenosis  of,  i.  604 
stricture  of,  v.  172 
suturing  of,  v.  176 
syphilitic  lesion  of,  vii,  623 
the  law  of  the,  v.  171 
topographical  anatomy  of,  i.  183 
tuberculosis  of,  viii.  557 
tuberculous   infection   through, 

viii.  699 
tumors  of,  i.  35;  v.  187 
villi  of,  V.  183 
volvulus  of,  iii.  204 
wounds  of,  V.  189 

contused,  v.  189,  191 
diagnosis,  v.  190 
gunshot,  V.  190 
Incised,  v.  191 
lacerated,  v.  189,  191 
prognosis,  v.  193 
punctured,  v.  191 
symptoms,  v.  190 
treatment,  v.  191 
Intoxication,  acid,  viii.  343,  346 
alcoholic,  v.  81 
amaurosis,  ii.  13 
drug,  V.  84 

medico-legal  aspects  of,  v.  78 
of  the  neurone,  vi.  268 
Intracranial  abscess,  ii.  411 

growths,  symptoms  of,  ii.  435 
hemorrhage,  ii.  423 
tumors,  ii.  415 
wounds,  iv.  560 
Intranuclear  network,  ii.  761 
Intrapulmonary  pressure,  vi.  946 
Intrathoracic  pressure,  vi.  946 
Intravenous  injections,  v.  193,  735 
Intubation,  v.  195 

advantages  over  tracheotomy,  v. 

199 
care  and  feeding  after,  v.  199 
dangers  and  difficulties  of,  v.  198 
extraction  of  the  tube,  v.  195 
history  of,  v.  195 
instruments  for,  v.  195 
in  the  treatment  of  croup,  iii.  333 
method  of  inserting  the  tube,  v. 
196 
Intussusception,  iii.   303;  v.   199; 
and  see  Intestinal  obstruction 
acute,  V.  175 
causes  of,  v.  199 
chronic,  v.  175 
diarrhoea  in,  iii.  440 
diagnosis,  iii.  203 
enema  in,  iii.  835 
location,  v.  199 
prognosis,  v.  201 
symptoms,  iii.  203;  v.  199 
treatment,  iii.  203 ;  v.  200 
Inula,  iii.  742 

helenium,  iii.  742 
Inulin,  iii.  742 

Inunction  as  a  means  of  medica- 
tion, v.  735 
Invagination  of  the  intestine,  iii. 

203 
Inversion  of  uterus,  viii.  85 
Invert  sugar,  vii.  549 
Invertase,  an  enzyme,  iii.  843 
Invertin,  iii.  475,  843 ;  v.  301 
Invblucrum,  vi.  420 
Involution  forms  of  bacteria,  i. 

681 
Involution  of  the  uterus,  viii.  98 
lodacetanilid,  v.  205 


lodamyl,  i.  367 
lodantifebrin,  v.  201,  205 
lodantipyrin,  v.  202 
Iodides,  v.  202 

medicinally  used,  v.  203 
mercuric,  v.  754 
mercurous,  v.  753 
methenyl,  v.  207 
of  iron,  v.  234 

saccharated,  v.  224 
of  lead,  V.  471 
of  rubidium,  vi.  1003 
of  silver,  vii.  215 
of  sulphur,  vii.  562 
of  zinc,  viii.  339 
Iodine,  v.  203 

antidotal  value  of,  i.  373 
as  an  antiseptic,  v.  204 
constitutional  effects  of,  v.  204 
germicidal  action  of,  iv.  333 
poisoning  by,  see  lodism,  v.  305 
therapeutics  of,  v.  304 
trichloride,  v.  205 

as  a  germicide,  iv.  333 
lodipin,  V.  305 
lodism,  V.  205 

symptoms  of,  v.  203 
Iodized  starch,  vii.  441 
lodochloroxychinoline,  viii.  238 
lodocresol,  vii.  860 
lodo-eugenol,  iv.  16 
Iodoform,  v.  207 

as  a  dijinfectant,  i.  687 
germicidal  action  of,  iv.  333 
toxicological,  v.  208 
lodogallicin,  v.  309 
lodo-hsemol,  v.  230 
lodol,  V.  307,  209 

germicidal  action  of,  iv.  334 
lodomuth,  V.  309  ^ 

lodonaftan,  v.  209 
Idonaphtol,  iii.  479 
lodonaphtol-beta,  v.  209 
lodophenacetin,  v.  209;  vi.  607 
lodophenin,  v.  209;  vi.  607 
lodopyrin,  v.  202 
lodo-salicylic  acid,  v.  210 ;  vii.  9 
lodosulphateof  cinchonine,  v.  210 
lodothyrin,  vi.  410 
lodozen,  v.  210 

Ionization,  see  Dissociation  and  Ions 
Ions,  viii.  468 

antagonistic  action  of,  in  living 

tissues,  viii.  469 
importance  of,   in   biology  and 
physiology,  viii.  469 
in  therapeutics,  viii.  468 
lothion,  viii.  559 

Iowa,  requirement  for  medical  prac- 
tice in,  iv.  48 
Ipecac,  V.  310 

action  of,  v.  311 

adulterants  and  substitutes,    v. 

311 
as  an  emetic,  i.  370;  iii.  811 
as  an  expectorant,  iv.  49 
composition,  v.  211 
de-emetinized,  v.  212 
description,  v.  211 
false,  V.  213 
habitat,  v.  310 
history,  v.  310 
idiosyncrasy  for,  iv.  841 
North  American,  v.  313 
preparations  of,  v.  312 
use,  v.  213 
Ipecacuanha,  v.  210 
Ipecacuanhic  acid,  v.  211 


Insanity, 
Iron. 


Ipomcea,  v.  240 
biloba,  iii.  275 
jalapa,  v.  240 
orizabensis,  iii.  275 
pandurata,  iii.  275 
simulans,  iii.  275 
turpethem,  iii.  275 
Iridacese,  poisonous  plant  of,  vi  694 
Iridectomy,  v.  212,  216 

history,  v.  213 

indications,  v.  214 

operation,  v.  212 

uses,  V.  214 
Irideremia,  v.  217 
Iridin,  i.  158 ;  vi.  417 
Irido-choroiditis    as    a    cause    of 
blindness,  ii.  12 

iridectomy  in,  v.  214 
Irido-cyolitis,  vii.  591 
Iridodesis,  v.  214 
Iridotomy,  v.  216 
Iris,  iv.  74 

absence  of,  v.  217 

anomalies  of,  v.  216 

arterial  circle  of  the,  iv.  74 

benign  tumors  of,  iv.  110 

coloboma  of,  v.  217 

cysts  of,  iv.  110 

granulomata  of,  iv.  110 

in  albinism,  v.  218 

inflammation    of,    v.     218;    see 
Iritis 

injuries  to,  iv.  102 

malignant  tumors  of,  iv.  110 

melanoma  of,  iv.  110 

microscopical  anatomy  of,  iv.  77 

movements  of,  iv.  95 

nerves  of,  iv.  95 

pigmentation,    anomalies  of,  v. 
218 

sarcomata  of,  iv.  110 

teleangiectatic  tumors  of,  iv.  110 

traumatic  granuloma  of,  iv.  110 

tumors  of,  iv.  110 

wounds  of,  iv.  102 
Iris  (plant),  iv.  157 ;  vi.  417 

family,  see  Iridaceas 

florentina,  vi.  417 

germanica,  vi.  417 

pallida,  vi.  417 

poisonous  plant,  iv.  704 

versicolor,  iv.  157 
Irish  moss,  vi.  1 
Irisin,  iv.  158 
Iritis,  V.  218 

as  a  cause  of  blindness,  ii.  10 

causes  of,  v.  218 

condylomatosa,  v.  219 

consequences  of,  v.  219 

diagnosis  of,  v.  218 

gummatosa,  v.  219 

iridectomy  in,  v.  314 

plastica,  v.  219 

serosa,  v.  219 

spongy,  V.  219 

suppurativa,  v.  219 

syphilitic,  v.  220;  vii.  620 

treatment  of,  v.  230 

varieties  of,  v.  319 
Iritomy,  v.  316 
Iron,  V.  331 

acetate  of,  v.  325 

albuminate  of,  v.  229 

alum,  V.  228 

and  ammonium,  citrate  of,  v.  236 
sulphate  of,  v.  228 
tartrate  of,  v.  336 

and  potassium,  tartrate  of,  v.  236 
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Iron  and  quinine,  citrate  of,  v.  336 
and  strychnine,  citrate  of,  v.  336 
antidotal  value  of,  i.  373 
as  a  patliological  pigment,  vi. 

635 
basic  sulpliate  of,  v.  338 
bitter  wine  of,  v.  236 
bromide  of,  v.  338 
by  liydrogen,  v.  333 
carbonate  of,  v.  333 
clilorideof,  iv.  333;  v.  337 
as  a  germicide,  iv.  333 
citrate  of,  v.  336 
compounds,  medicinal  properties 

of,  V.  331 
dialyzed,  v.  338 
dust,  effect  of  inlialing,  vi.  834 
general  therapeutics  of,  v.  339 
hydrated  oxide  of,  v.  335 
with  magnesia,  v.  335 
hydrated  sesquioxide  of,  i.  373 
hydroxide  of,  v.  335 
hypophosphite  of,  v.  337 
hyposulphite  of,  v.  337 
in  ansemia,  v.  329 
in  food,  i.  175 
inorganic,  v.  333 
iu  water,  viii.  390 
in  urine,  viii.  56 
iodide  of,  v.  334 
lactate  of,  v.  233 
nitrate  of,  v.  238 
normal  sulphate  of,  v.  238 
organic,  v.  333 

compounds  of,  v.  230 
peptonate,  v.  339 
perchloride  of,  v.  237 
phosphate  of,  v.  337 
poisoning  by,  v.  331 ;  viii.  560 
preparations  of,  v.  323 
pyrophosphate  of,  v.  327 
Quevenne's,  v.  333 
reduced,  v.  333 
sac'charated  carbonate  of,  v.  333 

iodide  of,  v.  334 
sesquichloride  of,  v.  327 
soluble  phosphate  of,  v.  337 

pyrophosphate  of,  v.  327 
subsulphate  of,  v.  228 
sulphate  of,  v.  233,  338 
tersuiphate  of,  v,  338 
uncombined,  v.  223 
valerianate  of,  v.  227 
Iron  liithia  Springs,  v.  330 
Iron  workers,  health  of,  vi.  824 
Irondale  Springs,  v.  229 
Irone,  vi.  417 
Irradiation,  i.  596;  v.  231 
Irreducible  hernia,  iv.  666 
Irrigating  apparatus,  iv.  704 
Irrigation,  iii.  872 

_  in  dysentery,  iii.  574 
Irrigation  fluid,  sterilization  of  i 

569 
Irrigators,  rectal,  iii.  836 
Irritability,  i.  757;  ii.  762;  v.  281 
of  muscle,  effect  of  current  on 

iii.  773 
of  nerve,  effect  of  current  on  iii 
767 
Irritable  heart  in  soldiers,  ii.  631 
Irritant  action,  degrees  of,  ii.  14 

poisons,  vi,  691 
Irritants   belonging  to  the  animal 

kingdom,  iii.  435 
Irritation,  cerebral,  ii.  368 
Ischaemia,  iii.  133 
of  retina,  vi.  954 
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Ischsemia,  pathology  of,  iii.  133 
Ischiatic  hernia,  iv.  683 
Ischiatic     notch,     dislocation    of 

femur  into  the,  iii.  536 
Ischio-calcaneus  muscle,  vi.  56 
Ischio-cavernosus  muscle,  anom- 
alies of,  vi.  62 
Ischio-condyloid  muscle,  vi.  57 
Ischio-femoral  muscle,  vi.  55 
Ischiopagus  parasiticus,  vii.  683 
Ischio-rectal  abscess,   i.   394;   vi, 

564 
Ischio-rectal  fossa,  vi.  564 
Ischiothoracopagus,  vii.  683 
Ischium,  vi.  537 

development  of,  vi.  543 
Ischl,  V.  333 
Isinglass,  v.  334 
American,  v.  334 
Japanese,  see  Agar-agar 
Russian,  v.  334 
Island  of  Reil,  ii.  203 
Isoagglutinin,  viii.  534 
Iso-amylamin,  ptomain,  vi.  785 
Isoanemonic  acid,  vi.  797 
Isoemodin,  ii.  515 
Isohesperidin,  iii.  137 
Isolactic  acid,  v.  403 
Isolation,  a  factor  of  organic  evolu- 
tion, iv.  33 
in  general  hospitals,  v.  338 
Isolation  hospitals,  v.  334 
arrangement,  v.  335 
capacity,  v.  335         * 
construction,  v.  337 
cost,  V.  335 
furnishing,  v.  237 
plans,  V.  336 

routine  of   admission   and  dis- 
charge, V.  337 
'site,  V.  235 
Isolichenin,  vi.  1 
Isolysin,  viii.  534 
Isotonic  solution,  viii.  417 

applied  to  blood,  ii.  80 
Isovaleric  acid,  viii.  181 
Israel's  operation  for  saddle  nose, 

vi.  134 
Issues,  iii.  305 

Italy,  Pharmacopoeia  in,  vi.  584 
Itch,  vii.  43 
army,  i.  433 
ground,  vi.  221 
Jackson's,  i.  432 
seven  years',  i.  432 
Itch-mite,  i.  430 
Itch  weed,  iv.  625 
Itching,  in  eczema,  iii.  708 
Itrol,  vii.  316 
Ivory  exostoses  of  the  lower  iaw, 

V,  356  •' 

Ivy,  V.  288 

black,  V.  338 
common,  v.  388 
creeping,  v.  338 
English,  V.  338 
family,  i.  438 
ground,  v.  379 
leaves,  v,  339 
poison,  V.  339;  vi.  696 
poisoning  by,  vi.  696 

idiosyncrasy  in,  iv.  843 
Ixodes  americanus,  i.  436 
bovis,  i.  437 
hexagonus,  i.  435,  436 
reduvius,  i.  436 
ricinus,  i.  436 
unipunctata,  i.  436 


IxodidsB,  i.  435 

Ixtlan  Springs,  Mexico,  v.  339 

Jaborandi,  v.  339 
Aracati,  v.  339 
diaphoretic  action  of,  iii.  433 
Paraguay,  v.  389 
Pernambuco,  v.  339 
Rio  Janeiro,  v.  389 
Jaborine,  v.  340 
Jacaranda,  ii.  704 
caroba,  ii.  704 
procera,  ii.  704 
Jackson's  retractor,  iv.  838 
ventilating  grate,  iv.  759 
Jacksonville,  Florida,  v.  340 
Ja£fe's  test  for  indican  in  urine,  viii 
45 
for  kreatinin  in  urine,  viii.  87 
Jalap,  V.  340 

compound  powder  of,  v.  341 
purgative  action  of,  vi.  812 
Jalapin,  vii.  44 
Jamaica,  v.  341 
Jamaica  dogwood,  iii.  550 
Jamaica  ginger,  iv.  853 
Jambava,  v.  344 
Jambul,  V.  344 
James'  powder,  i.  375 
Jamestown  weed,  vii.  534 

poisonous,  i.  610 
Jansen's  forceps,  v.  708 

method  of  treating  sinusitis,  iv. 
374 
Janus  asymmetros,  vii.  685 

symmetros,  vii.  685 
Japaconitine,  i.  84 
Japan,  Pharmacopoeia  in,  vi.  584 
Japanese  belladonna,  vii.  76 
Jargonaphasia,  i.  414 
Jarvis'  adjuster,  iii.  511 
Jasmine,  yellow,  iv.  314 
Jatecuba,  ii.  838 
Jateorhiza  palmata,  iii.  326 
Jaundice,  v.  344 ;  and  see  Icterus 
after  hemorrhage,  v.  347 
ascending,  v.  345 
catarrhal,  iv.  389 
diet  in,  iii.  459 
from  inanition,  v.  247 
in  the  new-born,  v.  246;  and  see 

Icterus  neonatoi'um 
malignant,  v.  536 

diagnosed   from   yellow  fe- 
ver, viii.  596 
mechanical,  v.  245 
morbid  anatomy  and  course,  v. 

346 
obstructive,  v.  345 

symptoms,  v.  345 
psychical,  v.  347 
symptoms,  v.  345 
syphilitic,  v.  347 
toxsemic,  v.  345 

symptoms,  v.  346 
varieties,  v.  346 
Javal's  binocular  optometer,  i.  594 

ophthalmometer,  vi.  867 
Javal-Schidtz,  ophthalmometer  of, 

vi.  365 
Javelle  water  as  antidote  to  bleach- 
ing powder,  i.  373 
Jaw,  acute  arthritis  of,  v.  358 
alveolar  abscess,  v.  348 
ankylosis  of,  v.  358 
closure  of,  v.  358 
cyst  tumors  of,  vi.  334 
cystoma  of,  vi.  834 
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Jaw,  disease  of  the  temporo-maxil- 
lary  articulation,  v.  258 
dislocation  of  the,  iii.  613 

in  tooth  extraction,  vii.  663 
fracture  of,  v.  252 

in  tooth  extraction,  vii.  668 
in  insanity,  v.  51 
injuries  and  diseases  of,  v.  247 
lower,  abscess  of,  v.  253 
cysts  of,  V.  255 
division  of,  in  excision  of  the 

tongue,  vii.  803 
enchondroma  of,  v.  255 
epithelioma  of,  v.  256 
excision  of,  v.  256 
exostoses  of,  v.  256 
fibroma  of,  v.  255 
fracture  of,  v.  252 
injuries  and  diseases  of,  v. 

251 
necrosis  of,  v.  254 
operations  upon  the,  v.  256 
osteoma  of,  v.  256 
periostitis  of,  v.  253 
phosphorus  necrosis  of,   v. 

254 
removal  of,  v.  256 
sarcoma  of,  ii.  642 ;  v.  256 
splints  for,  v.  253 
tumors  of,  v.  255 
multilocular  cysts  of,  vi.  334 
necrosis  of,  v.  258 

in  children,  v.  254 
organic  closure  of,  v.  258 
permanent  closure  of  the,  v.  258 
phosphorus  necrosis  of,  v.  254; 

vi.  438 
sarcoma  of,  ii.  643 
upper,  cystic  disease  of  the  an- 
trum, V.  348 
dentigerous  cysts  of,  v.  249 
enchondroma  of,  v.  249 
epithelioma  of,  v.  250 
fibroma  of,  v.  249 
fibrous  epulis  of,  v.  249 
fractures  of,  v.  247 
inflammation  of,  v.  247 
injuries  and  diseases  of,  v. 

247 
operations  on  the,  v.  250 
osteoma  of,  v.  249 
osteoplastic  section  of  the,  v. 

251 
polypus  of  the  antrum,  v. 

349 
removal  of,  v.  251 
sarcoma  of,  ii.  642 ;  v.  250 
solid  tumors  of,  v.  249 
suppuration  in  the  antrum, 

V.  248 
tumors  of,  v.  249 
Jecorin,  v.  259 
Jeflferson's     decimal    system    ot 

weights  and  measures,  vlii.  398 
Jejunum,  histology  of,  v.  185__ 
Jellies,  as  food  for  invaUds,  ni.  45b 
Jelly,  Wharton's,  iii.  353 
Jemez  Hot  Springs,  v.  360 
Jendrassik's     reinforcement     ot 
knee-jerk,  v.  865 
of  tendon  reflexes,  vi.  873 
Jenks'  long  obstetric  forceps,  vi. 

813 
Jequirity,  v.  360  , 

in    granular  conjunctivitis,   m. 

245 
Jervin,  iv.  626 
Jervine,  11.  690;  Iv.  625 


Jessamine,  yellow,  iv.  814 
Jewett's    axis-traction    forceps, 

vi.  818 
Jiggers,  ii.  838 

Joint  disease,  afl:ecting  the  synovial 
membranes,  v.  261 
beginning  in  bone,  v.  361 
chronic,  v.  361 

abscesses  following,  v.  284 
amputation  for,  v.  284 
ankle,  v.  375 
compression  in  the  treatment 

of,  V.  277 
distortion  following,  v.  284 
elbow,  V.  276,  289 
excision  for,  v.  283 
extension  or  distraction  in 

the  treatment  of,  v.  377 
fixation  in  the  treatment  of, 

V.  277 
hip,  V.  366 ;  see  also  Hip  dis- 
ease 
knee,  v.  273,  285 
local  application  in  the  treat- 
ment of,  V.  377 
meta;carpo-phalangeal  artic- 
ulations, V.  389 
metatarsophalangeal  articu- 
lations, V.  275 
phalangeal  articulations,  v. 

276 
protection  in  the  treatment 

of,  V.  377 
sacro-coccygeal  joint,  v.  377 
serous  svnovitis,  v.  361 
shoulder,  v.  276,  289 
sterno-clavicular   and   acro- 
mio-clavicular    joints,   y. 
377,  389 
symphysis  pubis,  v.  277 
temporo-maxillary  articula- 
tion, V.  277' 
treatment,  v.  277 
wrist,  V.  276,  289 
extension  in  the  treatment  of,  v. 

377 
functional,  v.  365 
gonorrhceal,  v.  365 
gouty,  V.  364 
hysterical,  v.  365 
in  haemophilia,  iv.  473 ;  v.  365 
rheumatic,  v.  264;  vi.  969 
scorbutic,  v.  265 
sprains,  v.  289 
syphilitic,  v.  364 
treatment,  v.  377 
tuberculous,  v.  363 
Joints,  i.  550 

affections  of,  see  also  Joint  dis- 
ease 
amphiarthrodial,  i.  551,  553 
ankle  1.358;  sec  a.\so  Ankle-joint 
ankylosis  of,  i.  359,  465;  v.  293; 

see  Ankylosis 
arthrodial,  i.  551,  553 
aspiration  in,  i.  580 
ball-and-socket,  i.  553 
blood-supply  of,  i.  554 
bones  of,  i.  554 
cartilage  of,  i.  554 
characteristics  of,  i.  551 
chronic  diseases  of,  v.  361 
classification  of,  i.  553 
coaptation  of,  i.  552  _ 

complications  of  acute  infectious 

diseases,  y.  365 
condyloid,  i-  553 
contusions,  v.  392 


Joints,  defective  cartilages  in,  v.  297 
derangement,  v.  295 
development  of,  i.  550 
diarthrodial,  i.  553 
drainage  of,  v.  394 
dropsy  of  the,  v.  361 
elbow,  iii.  737;  vi.  917;  see  El- 

bow-joint 
enarthrodial,  i.  558 
excision  of,  v.  283 
fluid  in,  aspiration  of,  i.  580 
formation  of,  primitive,  i.  551 

synovial  cavity,  i.  551  (Pig.) 
functional  affections  of,  v.  365 
functions  of  the  structures  enter- 
ing into  the  formation  of,  i. 
554 
gliding,  i.  553 
gunshot  wounds  of,  iv.  438,  449 ; 

V.  395 
hinge-,  i.  553 
hip-,  iv.  689;   vi.  988;  see  also 

Hip-joint 
immovable,  i.  553 
incudo-tympanic,  iii.  586 
infected  from  osteomyelitis,  v. 

264 
injuries  to,  v.  389 
knee,  v.  369;  vi.  933;  see  Knee- 
joint 
ligaments  of,  i.  554 
lipoma  of,  viii.  569 
loose  bodies  In,  v.  288 
lumbo-sacral,  vi.  538 
malleo-incudal,  i.  617;  iii.  586 
management  of,  in  fractures,  iv. 

255 
metatarso-phalangeal,  v.  275 
movable,  i.  551,  553 
movable  bodies  in,  v.  395 
causation,  v.  296 
operation  for,  v.  297 
symptoms,  v.  296 
treatment,  v.  297 
nerve  supply  of,  i.  554 
neuroses  of,  v.  265 
non-planiform,  i.  553 
of  the  foot,  iv.  192 
of  the  pelvis,  vi.  538 
pivot-,  i.  553 
planiform,  i.  553 
points  of  tenderness  in  lesions  of, 

ii.  138 
pommel-,  i.  553 
primitive,  i.  551,  553 
relation  of  muscles  to,  i.  552 
resection  of,  vi.  909 
sacro-coccygeal,  vi.  538 
sacro-iliac,  vi.  538 
saddle,  i.  553 
shoulder-,  vi.  932;  see  Sfi/iulder- 

joint 
sprains  of,  v.  289 
stiffened,  treatment  of,  iv.  257 
structure  of,  i.  553 
subluxations,  v.  397 
synarthrodia!,  i.  551,  553 
synovial  membranes  in,  i.  554 
syphilitic  disease  of  the,  v.  364 
table  of,  i.  553 
temporo-maxillary,  v.  258 
tumors  of,  v.  264 
wounds  of,  V.  392 

contused,  v.  293  

gunshot,  iv,  438,  449;  v.  295 
incised,  v.  293 
lacerated,  v.  393 
punctured,  v.  398 
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Joints,   wounds   of,   treatment,   v. 
393 

wrist,  vi.  913:  viii.  316 
Jordan's  White  Sulphur  Springs, 

V.  298 
Judgment  of  direction,  iii.  493 
Judson's  brace  for  talipes,  iv.  231, 

235 
Jugal  point,  vii.  229 
Juglandic  acid,  ii.  529 
Juglans,  ii.  529 

cincrea,  ii.  539 

nigra,  ii.  539 

regia,  ii.  539 
Juglon,  ii.  639 
Jugular  canal,  ii.  262 
Jugular  vein,   anomalies  of,   viii. 
204 

anterior,  vi.  196 

surface  marking  of,  vi.  191 

external,  vi.  196 

surface  marliing  of,  vi.  191 

internal,  vi.  196 

surface  marking  of,  vi.  191 

phlebitis  of,  complicating  otitis 
media,  iii.  658 
Juice,  gastric,  iv.  310 
Juices,  V.  736 
Jumble  beads,  v.  360 
Jung's  compressorium,  iv.  711 
Juniper,  v.  398 

diuretic  action  of,  iii.  546 
Juniperus,  v.  298 

communis.v.  398 

oxycedrus,  ii.  540 

sabina,  vii.  43 

virginiana,  v.  398 
Junker's  inhaler,  iii,  14 
Junket,  vi.  557 

how  to  make,  iii.  453 
Junod's  boot,  ii.  73 

Eaellia  (pycnanthemum),  v.  379 
Eairine,  v.  299 

antipyretic  action  of,  ii.  571 
ethylated,  v.  299 
methylated,  v.  299 
physiological  action,  v.  299 
the^peuties,  v.  299 
Kairine  A,  v.  399 
Kaiserquelle  (at  Aachen),  i.  1 
Kakerlakism,  i.  165 
Kala-azar,  v.  399 
Kala-dukh,  v.  300 
Kala-jwar,  v.  300 
Ealmia,  vi.  706 

angustifolia,  vi.  707 
latifolia,  vi.  706 
Kalz  method  of  testing  for  beta- 

oxybutyric  acid,  viii.  48 
Eamala,  v.  300 

action  and  uses,  v.  300 
as  an  anthelmintic,  i.  363 
Eamsin  (winds  in  Egypt),  iii.  738 
Kandahar  sore,  i.  170;  vii.  944 
Kansas,  requirements  for  medical 

practice  in,  iv.  48 
Karyokinesis,  ii.  763 
atypical,  v.  300 
pathological,  v.  300 
stages  of,  ii.  764 
Karyolymph,  ii.  761 
Karyolysis,  v.  301 ;  vi.  201 
Karyomitosis,  ii.  763 

stages  of,  ii.  764 
Karyoplasm,  ii.  761 
Karyorrhexis,  v.  301 ;  vi.  301 
Karyosomes,  ii.  7b2 

824 


Katabolism,  i.  757;  ii.  763;  v.  763 

of  proteid  matter,  v.  764 
Katalysine  water,  iv.  349 
Katatonia  in  dementia  prsecox,  v. 

103 
Katelectrotonus,  see  Eleetrotonus 
Kauri,  iii.  378 

gum,  iii.  353 
Kava,  V.  301 

alpha-resin,  v.  301 
beta-resin,  v.  301 
Kavahin,  v.  301 
Kava-kava,  v.  301 
"Kearsage,"  United  States  steam- 
ship, plan  of,  showing  method  of 
ventilation,  vi.  163 
Keen's  cerebral  electrode,  ii.  409 
Kefir,  V.  303,  830 
grains,  v.  303 
seeds,  v.  303 
Kelis,  V.  303 ;  and  see  Keloid 
genuine,  v.  303 
spontaneous,  v.  302 
spuria,  v.  302 
vera,  v.  303 
Kelly's  corrugated  tenaculum,  iv. 
461 
method  of  artificial  respiration, 
i.  561 
of  hysterectomy,  iv.  837 
Keloid,  iii.  87;  iv.  154;  v.  302 
Addison's,  v.  864 
cicatricial,  iv.  154;  v.  303 
definition,  v.  302 
diagnosis,  v.  304 
etiology,  v.  302 
pathology      and      pathological 

anatomy,  v.  303 
prognosis,  v.  304 
scar,  V.  303 
secondary,  v.  303 
spontaneous,  iv.  155 
symptoms,  v.  303 
synonyms,  v.  303 
treatment,  v.  304 
true,  iv.  155 
Kelos,  V.  302;  and  see  Keloid 
Kelotomy,  iv.  669 
Kelp*waj:e,  i.  7£© 
Kemp's  irrigating  tubes,  iii.  836 
Kentucky,  history  of  yellow  fever 
in,  viii.  588,  589 
requirements  for  medical  prac- 
tice in,  iv.  48 
United  States   steamship,   plan 
of,  showing  method  of  ventila- 
tion, vi.  163 
Keratin,  iii.  291 ;  v.  304 
Keratitis,  iii.  284 

as  a  cause  of  blindness,  ii.  10 
bullosa,  iii.  285 
catarrhal,  ii).  284 
fascicular,  iii.  285 
interstitial,  iii.  386 
iridectomy  for,  v.  313 
neuroparalytic,  iii.  389 
parenchymatous,  iii.  386 
phlyctenular,  iii.  284 
superficial,  iii.  284 
suppurative,  iii.  286 
traumatic,  iii.  285 
vascular,  iii.  285 
Kerato-angioma,  i.  348 
Keratoderma,  symmetrical,  v.  304 
Keratoderma   palmare   et  plan- 
tare,  v.  304 
definition,  v.  304 
diagnosis,  v.  305 


Keratoderma    palmare  et  plan- 
tare,  etiology,  v.  305 
pathology,  v.  305 
prognosis,  v.  306 
symptoms,  y.  304 
synonyms,  v.  304 
treatment,  v.  306 
varieties,  v.  304 
Keratodermia  eccentrica,  vi.  735 
Keratoglobus,  iv.  364 
Keratohyalin,  iii.  291 
Keratoma,  diagnosed  from  ichthy- 
osis, iv.  838 
palmare,    see  Keratoderma  pal- 

7na/re 
plantare,  see  Keratoderma  plan- 
tare 
Keratoscopic  disc  of  Placido,  vi. 

394 
Keratoscopy,  vii.  194 
Keratosis  foUicularis,  v.  306 
definition,  v.  306 
diagnosis,  v.  307 
etiology,  v.  306 
pathological  anatomy,  v.  306 
prognosis,  v.  307 
symptoms,  v.  306 
synonyms,  v.  306 
treatment,  v.  307 
Keratosis  foUicularis  contagiosa, 

V.  307 
Keratosis    obturans    of   external 

auditory  canal,  iii.  615 
Keratosis  pilaris,  iv.  837;  v.  307 
definition,  v.  307 
diagnosis,  v.  308 
etiology,  v.  308 
pathology,  v.  308 
prognosis,  v.  308 
symptoms,  v.  307 
synonyms,  v.  307 
treatment,  v.  308 
Kerion,  vii.  783 
Kermes  mineral,  i.  375 
Kemig's  sign,  ii.  394;  vi.  876 

in  cerebro-spinal  meningitis,  il. 
394,  776 
Kessel's  operation,  iii.  673 
Keystone  Dlineral  Spring,  v.  308 
Key  West,  iv.  160;  and  see  Florida 
Khairsal,  ii.  738 

Khamsin  (winds  in  Egypt),  iii.  140 
Khersal,  ii.  738 
Kickapoo  Magnetic  Springs,  v. 

308 
Kidney,  v.  308 

absence  of,  v.  310,  330 ;  viii.  11 

actinomycosis  of,  v.  345 

action  of  ansesthetics  upon,  i.  398 

of  diuretics  upon,  vii.  100 
adenoma  of,  i.  113;  v.  324 
adenosarcoma  of,  v.  325 
affections  of,  health  resorts  for, 

iv.  565 
amyloid  degeneration  of,  i.  270 

disease  of,  v.  321 
anatomical  relations  of,  i.  15 
anatomy  of,  v.  308 
angioma  of,  v.  323 
anomalies  of,  v.  310,  319 
arteries  of  the,  v.  312 

anomalies  of,  i.  532 
ascaris  lumbricoides  in,  v.  345 
atrophy  of,  i.  610 
blood  supply  of,  V.  313,  353 
calculus  of,  V.  359;  and  see  GUI' 

cuius,  renal 
cancer  of  the,  ii.  640 
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Eidney,  capsule,  tumors  of,  v.  330 
carcinoma  of  the,  i.  34;  ii.  640; 

V.  324 
cliondroma  of  the,  v.  333 
condition   of,  in  diphtheria,  iii. 

484 
congestion  of,  v.  321 

active,  v.  321 

mechanical,  v.  322 

passive,  v.  322 
contracted,  v.  339,  340 
convoluted  tubule,  v.  310 

function  of,  vii.  99 
cortex  of  the,  v.  309 
cyanotic  induration  of,  v.  322 
cystic  degeneration  of,  v.  329, 

362 
cysts  of,  iii.  351 ;  v.  329,  361 
decapsulation  of,  viii.  10 
development  of,  v.  315 
disease  of,  a  cause  of  insanity,  v. 

bearing  of,   upon    question 
of  administering  a  general 
anaesthetic,  iii.  10 
climate  suitable  for,  iv.  565 
diarrhcea  in,  iii.  440 
in  insanity,  v.  54 

displacements  of.  v.  320 

distoma  hsematobium  in,  v.  344 

echinococcus  in,  v.  344,  362 

effect  of  alcohol  upon,  i.  167 

endothelioma  of,  v.  325 

excision  of,  effect  on  the  urine, 
V.  318 

extract,  vi.  416 

fibroma  of,  iv.  155;  v.  323 

floating,  V.  320 

functional    activity    of,    deter- 
mination of,  V.  355 

fused,  V.  310,  320 

glomerulus  of,  v.  310 
function  of,  vii.  98 

gouty,  v.  340 

granular,  v.  339,  340 

health  resorts  for  affections  of, 
iv.  565 

hemorrhage  from,  v.  361 

horseshoe,  v.  319 

hyperemia  of,  v.  321 

hypernephroma  of,  iv.  805 

in  childhood,  li.  831 

Infection  of  the,  v.  358 

injuries  of,  i.  17 
symptoms,  i.  20 
treatment,  i.  18 

lardaceous,  v.  321 

lesions  of,  following  anaesthesia, 
iii.  24 
following  erysipelas,  iv.  7 

lipoma  of,  v.  323 ;  viii.  570 

lobulated,  v.  319 

lymphadenoma  of  the,  v.  326 

lymphatics  of,  v.  314.  637 

malformations  of,    v.    319;    vii. 
707 

malignant  growths  of,  v.  333 

medulla  of,  v.  309 

methods  of  examination   of,  v. 
354 

microscopical  structure  of,  v.  310 

mottled,  V.  337 

movable,  i.  34;  v.  330,  357 

myoma  of,  vi.  77 

myxoma  of,  v.  323 

nephritis,  v.  330 

nerves  of,  v.  314 

new  growths  of  the,  i.  33 ;  v.  323 


Kidney  of  chronic  hemorrhagic  ne- 
pliritis,  V.  337 
of  pregnancy,  v.  333 
operations  on,  v.  355 
osteoma  of,  v.  323 
pale  granular,  v.  339 
palpable,  v.  320 
palpation  of,  v.  327,  354,  357 
parasites  of,  v.  344 ;  vi.  501 
pelvis,  new  growths  of,  v.  329 
pentastonmm    denticulatum  in, 

V.  344 
peritlielioma  of  the,  v.  335 
physiology  of,  v.  315 
pseudotuberculosis  of  the,  v.  347 
red,  V.  337 
red  granular,  v.  340 
relations  of  tlie,  v.  309 
sarcoma  of  the,  i.  34 ;  v.  325 
sclerosis  of,  v.  339 
secretion  in  the,  vii.  98 
senile,  v.  340 

strongylus  gigas  in,  v.  344 
supernumerary,  v.  310 
suppuration  in  the,  v.  358 
surgical  affections  of,  v.  353 

anatomy  of,  v.  353 
syphilis  of,  V.  361 ;  vii.  626 
tuberculosis  of  the,  i.  34;  v.  345; 

vii.  903 
tumors  of  the,  i.  33 ;  v.  323 
of  the  capsule  of,  v.  330 
variegated,  v.  337 
waxy,  V.  331 
white,  V.  337,  339 
yellow,  V.  337 
Eiefer  nozzle,  iv.  401 
Kilian's  method  of  examining  the 
posterior  wall  of  the  larynx,  v. 
433 
of  treating  sinusitis,  iv.  374 
Kimball's  device  foi'  rapid  collec- 
tion of  lymph,  viii.  141 
Einepox,  natural,  occurrence  of, 

in  the  United  States,  viii.  112 
Kinewin,  vi.  827 
Klnic  acid,  iii.  92 
Kino,  V.  362 

action  and  uses,  v.  362 
East  Indian,  v.  362 
Malabar,  v.  362 
Kinoin,  v.  362 
Kino-red,  v.  362 
Kinotannic  acid,  v.  362 
Kissing-bug,  v.  161 
Kissingen,  v.  363 
Kissingen  waters,  v.  363 
Kitasato's  filter,  viii.  433 
Kite-tail  tampons,  viii.  179 
Kjeldahl's  method  for  determining 
the  nitrogen  in  urine,  viii.  33 
for  determining  the  proteids  in 
milk,  v.  828 
Klamath  Hot  Springs,  v.  363 
Klebs-IiOeffler  bacillus,  i.  694;  iii. 

480 
Kleptomania,  v.  133 
Klotz's  endoscopic  tube,  ii.  746 
Knapp's     method    of     estimating 
quantity  of  glucose  in  urine,  viii.  41 
Knapsack,  soldiers',  v.  797 
Knee,  housemaid's,  v   274 
Knee-jerk,  v.  363;  vi.  874 

conditions  influencing,  v.  364 

crossed,  v.  364 

effect  of  drugs  on,  v.  366 

of  section  of  spinal  cord  on, 
V.  366 


Knee-jerk,  essentials  to  production 
of,  V.  :JG6 
how  to  elicit,  v.  363,  364 
inllueuceof  cerebellum  on,  v.  368 

of  cerebrum  on,  v.  368 
muscles  involved  in,  v.  366 
paradoxical,  v.  364 
pliysiological,  v.  363 
purpose  of,  v.  368 
reinforcement  of,  v.  365,  368 
time  of,  v.  367 
tonus  theory  of,  v.  367 
variations,  v.  364 
Knee-joint,  v.  369;  vi.  933 
amputation  at  the,  i.  261 
arthritis  deformans  of,  v.  374 
blood  supply  of,  v.  371 
bursse  of,  ii.  525 
capsule  of,  v.  370 
chronic  rheumatoid  arthritis  of, 

V.  288 
congenital  dislocations  of,  iv.  698 
cysts  of  the,  v.  375 
Knee-joint,  diseases  of  the,  v.  373 
prevention  of  deformity  in,  v.  387 
treatment  of,  v.  285 
compression,  v.  286 
distraction,  v.  285 
erasion,  v.  286 
fixation,  v.  285 
Knee-joint,  dislocations  of  the,  iii. 
528 ;  iv.  698 
displacement   of    the  semilunar 

cartilages,  v.  288 
drainage  of,  v.  294 
hydrops  of,  v.  373 

treatment,  v.  288 
in  haemophilia,  v.  375 
ligaments  of,  v.  370 
loose  bodies  in  the,  v.  288 
movable  bodies  in,  v.  395 
nerves  of,  v.  371 
pain  in,  in  hip  disease,  iv.  692 
periarticular  disease,  v.  274 
prepatellar  bursitis,  v.  274 
resection  of,  vi.  932 
slipping  of  patella,  v.  288 
subluxation  of  semilunar  carti- 
lages, V.  297 
synovial  fringes  in,  v.  375 

membrane,  v.  370 
synovitis  of,  v.  273 

treatment,  v.  287 
tubercular  ostitis  of,  v.  373 

treatment,  v.  386 
tuberculosis  of,  v.  373 
tumor  albus  of,  v.  373 
water  on,  v.  288 
Knee-kick,  v.  363 ;  vi.  874 ;  and  see 

Knee^erk 
Knee  phenomenon,  v.  363;  vi.  874; 

and  see  Knee-jerk 
Knee  reflex,   v.  363;  vi.  874;  and 

see  Knee-jerk 
Knock-knee,  v.  373 
adolescent,  v.  373 
braces  for,  v.  374 
etiology,  v.  373 
operative  treatment  for,  v.  374 

Lorenz  method,  v.  375 
osteoclasis  for,  v.  375 
osteotomy  for,  v.  374 
pathology  of,  v.  373 
rachitic,  v.  372 
Koch-Ehrlich  method  of^  staining 

tubercle  baciiliiF,  viii.  397 
Kocher's  method  of  resection  of 
elbow,  vi.  918 
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Kocher's  method  of  resection  of 
hip,  vi.  938 
of  shoulder,  vi.  923 
of  wrist,  vi.  915 
Kocher's  method  of  treatment  of 

inguinal  hernia,  iv.  674 
Koch's  bacillus  tuberculosis,  i.  689 
blood -serum  coagulator,  viii.  415 
"comma  bacillus,"  viii.  894 
cylinder  for  air  analysis,  viii.  446 
dry  heat  sterilizer,  viii.  419 
incubator,  viii.  423 
levelling  apparatus,  viii.  426 
safety  burner,  viii.  428 
steam  sterilizer,  viii.  420 
Koilonychia,  vi.  93 
Kola,  V.  375 

fresh,  V.  875 
Kola  nut,  ii.  546;  v.  375 
Kola  red,  v.  375 
Kolanin,  v.  375 
,  Kolpo-coelio-hysterectomv,      iv. 
'       830 
Kolpo-hysterectomy,       technique 

of,  iv.  820 
Kombe,  vii.  541 
Kombic  acid,  vii.  541 
Konig's  operation  for  rhinoplasty, 
vi.  906 
for  saddle  nose,  vi.  124 
Koosin  as  an  anthelmintic,  i.  363 
Koosso,  V.  376 
Koplik's  spots,  V.  715 
Korescopy,  vii.  194 
Kosin,  V.  376,  377 
Koumyss,  i.  169;  v.  830 
how  to  make,  iii.  453 
Krahbea,  ii.  793 

grandis,  ii.  793 
Kraepelin's  classification  of  forms 

of  insanity,  v.  37 
Krameria,  vi.  964 
argentea,  vi.  964 
Brazilian,  vi.  964 
ixina,  vi.  964 
lanceolata,  vi.  964 
Peruvian,  vi.  964 
triandra,  vi.  964 
Krameria-tannic  acid,  vi.  964 
Krameroform,  Iv.  346 
Krause,  end  bulbs  of,  viii.  682 

membrane  of,  iii.  269 ;  vi.  17 
Krause's  method  of  inducing  pre- 
mature labor,  vi.  310 
Kraurosis  of  vulva,  viii.  163 
Kreatin  in  urine,  viii.  37 
Kreatinin  in  urine,  viii.  37 
Kreoform,  iv.  246 
Kresamin,  iv.  15 
Kresol  in  urine,  viii.  44 
Kresolid,  v,  673 
Kreotoxismus,  iv.  185 
Kronig's  cumol  method  of  prepar- 
ing sutures  and  ligatures,  i.  568 
Kronlein's  method  of  brain  locali- 
zation, ii.  405 
Kryofine,  v.  377 

Kuhnt's  method  of  treating  sinu- 
sitis, iv.  374 
Kultzschitzky's  fluid,  iv.  708 
Kiimmell's  method  of  tarsectomy, 

vi.  927 
Kumyss,  i.  169 

Kuskow's  pepsin  fluid,  iv.  712 
Kyanopsia,  viii,  732 
Kyle's  tongue  depressor,  vi.  108 
Kyphosis,  ii.  808;  v.  377 
adolescent,  vii.  389 
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Kyphosis,  angular,  ii.  809 
causes  of,  v.  377 
varieties,  v.  377 

Lab,  vi.  893 

Labarraque's  solution,  iii.  6 

as  an  antidote  to  bleaching  pow- 
der, i.  373 
germicidal  action  of,  iv.  333 
Labdanum,  v.  403 
Labia,  vii.  170 
majora,  vi.  568 
minora,  vi.  568 

hypertrophy,  of,  viii.  163 
Labiatse,  v.  879 
Labor,  and  see  Obstetrics 
anaesthesia  in,  v.  388 
antisepsis  in,  v.  379,  384,  885 
asepsis  in,  v.  379,  384,  385 
care  of  patient  before,  v.  880 
eflect  of  ankylosis  of  sacro-coccy- 
geal  joint  on,  vi.  528 
of  deformed  pelves  on,  vi. 

524 
of  tumors  of  pelvis  on,  vi. 
528 
examination  of  patient  before,  v. 

380 
first  stage  of,  duties  of  physician 
during,  v.  387 
management  of,  v.  886 
management  of,  v.  383 

in  cases  of  deformed  pelvis, 
vi.  538 
medullary  narcosis  in,  v.  388 
normal,  management  of,  v.  379 
outfit  for,  V.  882 
pathological  conditions  produced 

during,  vi.  377 
premature,  induction  of,  vi.  309 
preparation  of  patient  for,  v.  383 
second  stage,  duties  of  physician 

during,  v.  '387 
technique  of,  v.  386 
third  stage,  management  of,  v. 

389 
unusual  mechanisms,  v.  890 
Labord's  method  of  artificial  respi- 
ration, i.  561 
La  Bourboule,  vill.  560 
Labyrinth,  anaemia  of,  ill.  601 
treatment,  iii.  605 
anatom3'  and  physiology,  i.  619 
bony,  i.  620 
hemorrhage  into,  iii.  601 

treatment,  iii.  605 
hypersemia  of,  iii.  599  601 

treatment,  ill.  605 
inflammation  of,  iii.  598,  603 
membranous,  i.  630 
necrosis  of,  iii.  602 

treatment,  iii.  605 
syphilitic  affection  of  the,  iii,  683 
transmission     of    vibrations 
through,  1.  633 
Labyrinthitis  exudativa,  iii.  598 
602 
followed  by  deaf-mutism,  iii.  603 
hyperplastica,  iii.  598,  602 
Labzymogen,  vi.  898 
Lacerations,  amputation  in,  1.  335 
of  cervix  uteri,  viii.  69 
of  perineum,  vi.  311 
of  veins,  viii,  314 
Lachryma  papaveris,  vi.  383 
Lachrymal  apparatus,  v.  393 

affections  ot  the,  v.  393 
Lachrymal  bag,  iv.  64 


Lachrymal    caruncle,   tumors   of 

the,  iv.  116 
Lachrymal  concretions,  v.  395 
Lachrymal  drainage  apparatus, 

iv.  116 
granuloma  of,  iv.  116 
polyps  of,  iv.  116 
tumors  of,  iv.  116 
Lachrymal  gland,  adenoma  of,  iv. 
116 
affections  of,  v.  394 
atrophy  of,  v.  394 
concretions  in,  v.  395 
cystic  degeneration  of,  iv.  116 
cysts  of,  V.  395 
degenerations  of,  vi.  406 
enlargement  of,  vi.  406 
epithelioma  of,  Iv.  116 
hypertrophy  of,  v..  394;  vi.  406 
inflammation  of,  v.  394 
luxation  of,  v.  394 
lymphosarcoma  of,  iv.  116 
neuralgia  of,  v.  394 
myxoma  of,  iv.  116 
myxosarcoma  of,  iv.  116 
sarcoma  of,  iv.  116;  vi.  406 
tumors  of,   iv.   115;  v.  395;  vi. 
406 
Lachrymal  passages,  Iv.  66 
Lachrymal  probe,  v.  899,  400,  403 
Lachrymal  sac,  blennorrhoea,  v.  401 
Inflammation  of,  v.  396 
measurements  of,  viii.  340 
Lachrymal    secretion,    efl'ect    of 
sympathetic    nervous   system  on, 
vii.  583 
Lachrymal  stricture,  v.  397 
Lachrymal  tubercle,  vii.  288 
Lactalbumin,  v.  831 
Lactanin,  v.  403 
Lactarius,  iv.  384 
dellciosus,  Iv.  384 
piperatus,  iv.  284 
volemus,  iv.  284 
Lactase,  an  enzyme,  iii.  843 
Lactate  of  Iron,  v.  323 
of  silver,  vii.  316 
of  strontium,  vii.  541 
Lactation,  see   Breast,  female,  and 
Oalacta^ogues 
changes  in  breast  during,  il.  464, 

468 
defective,  iv.  387 
relation  of  menstruation  to,  v.  745 
Lacteal  secretion,  effect  of  sym- 
pathetic nervous  system  on,  vii.  583 
Lacteals,  v.  635,  638 ;  and  see  Lym- 
phatic system 
Lactic  acid,  v.  403 

determination  of,  in  milk,  v.  840 
germicidal  action  of,  iv.  334 
In  urine,  viii.  48 
Lactoglobulin,  v.  831 
Lactol,  V.  403 
Lactophenin,  v.  403 
Lactoscope,  Peser's,  v.  827 
Lactose,  v.   830,  839;  and  see  Milk 
sugar 
in  urine,  viii.  48 
Lactosuria,  viii.  43 
Lactuca  altlssima,  v.  403 
canadensis,  v.  403 
satlva,  V.  403 
scariola,  v.  403 
vlrosa,  V.  403 
Lactucarium,  v.  403 
English,  v.  408 
French,  v  403 
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Lactucarium,  German,  v.  403 

Scotch,  V.  403 
Lactucerin,  v.  403 
Lactucic  acid,  v.  403 
Iiactucin,  v.  403 
Iiactucon,  v.  403 
Iiactucopicrin,  v.  403 
Lactyl  paraphenetidin,  v.  402 
Lacuuee  of  Howship,  ii.  119 
Ladanum,  v.  403 
Ladies'  slipper,  iii.  340 
liaennec's  cirrhosis,  v.  544,  548 
Lagoa    crispata  opercularis,   v. 

167 
Iiag'ophthalmus,  iv.  116 
Xa  grippe,  v.  11 ;  and  see  Influema 
Lahore  sore,  vil.  944 
Laiose  in  urine,  viii.  42 
Lake      Park      White     Sulphur 

Springs,  v.  403 
Lake  Tahoe  Hot  Springs,  v.  403 
Lake  View  Hot  Springs,  v.  404 
Lakevrood,  v.  404 
Laking  of  hlood,  viii.  467 
Lambda,  vii.  229,  238 
Lambdoidal  fissure    of  brain,    ii^ 

186 
Lamblia  duodenalis,  viii,  648 

intestinalis,  viii.  648 
Lamella,  bone,  ii.  115 
Lameness  in  Lip  disease,  v.  269 
Lamina  basalis,  iv.  73 

choriocapillaris,  iv.  73 

cinerea,  ii.  167 

spiralis,  i.  620 

suprachoroidea,  iv.  73 

terminalis,  ii.  167 

vasculosa,  iv.  73 
Laminaria,  v.  405 

digitata,  v.  405 
Lamium,  v.  379 
Lance  knife,  ii.  727 
Land,  influence  on  climate,  iii.  139 
Landolphi's  caustic,  ii.  758 
Landolt-Lippich's     polarimeter, 

vi.  739 
Landouzy-Dejerine's     muscular 

atrophy,  vi.  63 
Landry's  paralysis,  vii.  327 
Lane  Mineral  Springs,  v.  405 
Lanenstein's  method  of  resection 

of  anlile,  vi.  931 
Langenbeck's  method  of  resec- 
tion of  -wrist,  vi.  914 

of  elbow,  vi.  917 
Langenbeck's    operation   (cheilo- 

plasty),  vi.  903 
Langenbeck's    periosteal  eleva- 
tor, V.  704 
Lang's  fluid,  iv.  709 
Language,  area  of,  in  brain,  i.  411 

disturbances  of,  in  cerebral  tu- 
mors, ii.  445 

zone  of,  i.  411 
Lanoform,  iv.  246 
Lanolin,  v.  405 
Laparotomy,  exploratory,  vii.  487 

in  intestinal  obstruction,  v.  174, 
175 
Lapp,  ii.  517 
Lappin,  ii.  517 
Larch  bark,  v.  405 
Lard,  v.  405 

adulteration  of,  iv.  181 

leaf,  V.  405 

refining,  regulation  of,  vi.BSl 
Lardaceous   degeneration,  i.  268; 
iii.  396 


Largin,  vii.  316 
Larix,  vii.  914 

europoea,  v.  405;  vii.  914 
Larixinic  acid,  v.  405 
Larkspur,  poisonous  plant,  vi.  708 

seeds,  vii.  454 
Larrey's  method  of  amputation  at 

shoulder,  i.  253 
Laryngectomy,  v.  423 
after-care,  v.  424 
artificial  larynx,  v.  424 
history  of,  v.  423 
indications  for,  v.  423 
operation  of,  v.  424 
partial,  v.  425 
results,  V.  425 
unilateral,  v.  425 
Laryngismus  stridulus,  iii.  331, 
703;  V.  438;  and  see  Orovp 
diagnosed  from  croup,  iii.  333 
Laryngitis,  acute,  v.  410 
definition,  v.  410 
diagnosis,  v.  411 
etiology,  v.  410 
pathology,  v.  411 
symptoms,  v.  411 
synonyms,  v.  410 
treatment,  v.  411 
catarrhal,  acute,  v.  410 
chronic,  v.  414 

diagnosis,  v.  415 
etiology,  v.  414 
pathology,  v.  414 
symptoms,  v.  415 
treatment,  v.  414 
diagnosed  from  croup,  iii.  323 
from  syphilis  of  larynx,  v. 
444 
hemorrhagic,  v.  411 
mucous,  V.  410 
oedematous,  v.  413 
diagnosis,  v.  413 
etiology,  v.  412 
pathology,  v.  413 
S3'mptoms,  v.  413 
treatment,  v.  413 
phlegmonous,  v.  412 
purulent,  v.  413 
submucosa  acuta,  v.  410 
subglottic,  V.  411 
suppurative,  v.  412 
supraglottic,  v.  411 
Laryngology,  cocaine  in,  iii.  159 
Laryngo-pharyngeal  muscle,  v. 

409 
Laryngorrhoea,  v.  410 
Laryngoscope,  v.  420 

light  tor,  V.  421 
Laryngotomy,   vii.   833;    and  see 

2'racheotomy 
Larynx,  v.  406 

abscess  of,  v.  410 
absence  of,  v.  419 
adenoma  of,  v.  433 
anaesthesia  of,  v.  428 
anatomy  of  the,  v.  406 
angeioma  of,  v.  433 
arthritis  .  and    ankylosis  of  the 
crico-arytenoid  articulation,  v. 
418 
artificial,  v.  434 
asymmetry  of,  v.  419 
atresia  of,  i.  603 
benign  tumors  of  the,  v.  431 
blood  supply  of,  v.  409 
burns,  scalds,  and  injuries  of,  v. 

414 
carcinoma  of  the,  v.  434 
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Larynx,  carcinoma  of  the,  diag- 
nosed from  syphilis,  v. 
444 

differential  diagnosis  of,  v. 
449 
cartilages  of,  v.  407,  451 

supernumerary,  v.  419 
chorea  of,  v.  439 
cicatricial  stenosis  of,  v.  440 
cleft  formations  of,  v.  419 
compression  of,  as  a    cause    of 

dyspncBa,  iii,  579 
congenital  diaphragm  formation, 
V.  441 

malformations  of  the,  v.  419 
cysts  in,  v.  433 
deviations  of  form  and  situation, 

V.  419 
diphtheria  of,  iii.  485 
dislocations  of,  v.  430 
epithelioma  of,  v.  434 

diagnosed  from  lupus,  v.  427 
erysipelas  of,  v.  419 
examination  of,  v.  420 
extirpation  of,  v.  423 
fibroid  degeneration  of,  in  syphi- 
lis, iv.  443 
fibroma  of,  v.  433 
fibromyxoma  of,  v.  433 
foreign  bodies  in,  i.  160;  vi.  198 
fractures  and  dislocations  of  the, 

V.  430 
functions  of,  v.  451 
general  diagnosis  of  diseases  of, 

V.  430 
hypersesthesia  of,  v.  437 
hypertrophy  of,  v.  419 
inflammation  of,  v.  410,  414 ;  see 

also  Laryngitis 
injuries  of,  v.  414 
interior  of  the,  v.  406 
intubation  of  the,  v.  195 

after-treatment,  v.  199 

dangers  of,  v.  198 

instruments  for,  v.  195 

O'Dwyer's  tubes,  v.  195 

operation,  v.  196 

removal  of  the  tube,  v.  197 
leprosy  of  the,  v.  426 
ligaments  of,  v.  408 
lipoma  of,  v.  433 
lupus  of  the,  V.  426    • 

differential  diagnosis  of,  v. 
449 
lymphatics  of,  v.  410,  629 
malformations  of,  v.  419 ;  vii.  705 
malignant  tumors  of,  v.  433 
measurements  of,  viii.  340 
medication  of,  v.  733 
muscles  of,  v.  409 
myxoma  of,  v.  433 
nerve  supply  of,  v.  410 
neuralgia  of,  v.  428 
neuroses  of,  v.  427 
new-growths  of,  v.  431 
oedema  of,  v.  439,  412 
pachydermia  of,  v.  417 
papilloma  of,  v.  433 
paraesthesia  of,  v.  428 
paralysis  of,  v.  427 
perichondritis  of,   v.   434;    and 
see  Periclwndritis 

as  a  cause  of  stenosis,  v.  439 
phlegmon  of,  vi.  617 
phthisis  of  the,  v.  447 
physiology  of  the,  v.  451 
relations  of  the,  v.  406 
resection  of,  v.  423 
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liarynx,  respiratory  function  of,  v. 
451 
sarcoma  of  the,  v.  434 
scaHs  of,  V.  414 
spasm  of,  V.  429 
stenosis  of  the,  v.  487 
acquired,  v.  438 
congenital,  v.  437 
diaphragmatic,  v.  437 
from  external  causes,  v.  441 
pseudomembranous,  v.  439 
syphilitic,  v.  437 
treatment,  v.  441 
vestibular,  v.  437 
web,  V.  437 
syphilis  of  the,  v.  443 ;  vii.  621 
and    cancer,    diagnosis    be- 
tween, V.  444 
and   phthisis,  diagnosis  be- 
tween, V.  444 
congenital,  v.  446 
diagnosis,  v.  444 
differential  diagnosis  of,  v. 

449 
prognosis,  v.  445 
symptoms,  v.  443 
treatment,  v.  445 
tuberculosis  of,  v.  447 
definition,  v.  447 
diagnosis,  v.  449 
differential  diagnosis,  v.  449 
etiology,  v.  447 
history,  v.  447 
pathology,  v.  448 
symptoms,  v.  449 
treatment,  v.  450 
tumors  of  the,  v.  431 

as  a  cause    of    stenosis,    v. 

440 
classification  and  history,  v. 

431 
clinical  aspects,  v.  433 
etiology,  v.  431 
frequency,  v.  433 
pathology,  v.  433 
prognosis,  v.  434 
prolapse  of,  v.  436 
symptoms,  v.  434 
treatment,  v.  434 
ventricle  of,  v.  406 
lias  Cruces,  vi.  284 
lias  Vegas,  vi.  282 
lias  Vegas  Hot  Springs,  v.  456 
Latapie's  animal  holder,  viii.  433 

blond  pipette,  viii.  413 
liateral  chain  theory  of  Ehrlich, 

vii.  310 
Lateral  curvature  of  the  spine, 
v.  456 
age  of  occurrence,  v.  461 
apparatus  for,  v.  466 
classification,  v.  460 
etiology  of,  v.  459 
forcible  correction  in,  v.  463 
gymnastic  exercises  in,  v.  463 
lateral  deviation  in,  v.  457 
measuring  machines,  v.  462 
methods  of  self -correction,  v.  465 
rotation  in,  v.  457 
secondary  or  contour  changes  in, 

V.  458 
structural  changes  in,  v.  459 
symptoms,  v.  461 
treatment  of,  v.  463 
Lateral  sinus,  anomalies  of,  viii. 

304 
Lateral  ventricles,  tapping,  a  sur- 
gical procedure,  ii.  436 


Lateralis  ahdominis  muscle,  vi. 

61 
Latin,  essentials  of,  for  prescrip- 
tion-writing, viii.  525 
Latissimus   dorsi   muscle,  anom- 
alies of,  vi.  48 
Latitude,  influence  of,  on  climate, 

iii.  138 
Latrines  for  soldiers,  v.  813 
Latrodectus  maCtans,  i.  438 

malmignatus,  v.  159 
Laudanum,  vi.  383 ;  and  see  Opium 
Laughing,  v.  466 
Laughing-gas,  vi.  393 
Laughter,  death  from,  v.  467 

physiology  of,  v.  466 
Laurel,  v.  467 

cherry,  i.  737 
Laurus  camphora,  ii.  633 

nobilis,  i.  737;  v.  467 
Lavage  as  a  digestant,  iii.  470 

in  intestinal  obstruction,  v.  173 

of  intestines,  iii.  833 
Lavandula,  v.  467 

angustifolia,  v.  467 

spica,  V.  468 
Lavatories  for  school-huildings, 

vii.  71 
Lavender,  v.  467 

Law  of  contraction  for  human  nerves, 
iii.  771 

of  excitation,  iii.  770 
Law,   relation    of   physician  to 

the,  viii.  617 
Lawsonia  inermis,  iv.  6H8 
Laxatives,  v.  468;  vi.  809 

use  of,  in  dysentery,  iii.  574 
Laxator  tympani  muscle,  i.  619 
Lead,  v.  470 

acetate,  v.  471 

arthralgia,  v.  47*4 

as  a  cause  of  blindness,  ii.  13 

as  a  food  poison,  iv.  184 

as  a  pathological  pigment,  vi.  635 

basic  acetate,  v.  471 

button,  viii.  171 

cachexia,  v.  473 

carbonate,  v.  471 

cerate  of  subacetate,  v.  471 

colic,  V.  474 

compounds  of,  used  in  medicine, 
V.  471 

distribution  of,  in  the  body,  after 
absorption,  vi.  727 

eflects  of,  on  fcEtus,  vi.  379 
on  workers  in,  vi.  325 

encephalopathy,  v.  474 

general  medicinal  properties  of 
compounds,  v.  470 

headache  from  use  of,  iv.  548 

in  water,  viii.  289 

iodide,  v.  471 

monoxide,  v.  471 

nitrate,  v.  471 

palsy,  V.  473 

plaster,  v.  473 

poisoning  by,  v.  473 

stains  on  tlic  cornea,  iii.  389 

sugar  of,  V.  471 

white,  V.  471 
Lead  poisoning,  v.  473 

acute,  V.  473 

clironic,  v.  473 

from  bullets,  iv.  444 

method  of  introduction,  v.  473 

pathological  anatomy,  v.  474 

post-mortem  appearances,  v.  478 

prognosis,  v.  474 


Lead  poisoning,  sulphate  of  mag- 
nesium as  an  antidote,  i.  731 

symptoms,  v.  473 

treatment,  v.  478,  474 
Leather,  blood  stains  on,  to  detect, 

ii.  80 
Leaven,  viii.  331 
Lebanon  Springs,  v.  475 
Lecithin,  i.  755;  v.  475 
Lectures,  no  copyright  in,  but  pro- 
tected, iii.  283 
Ledoyen's  disinfecting  fluid,   v. 

473 
Ledraw     and     Roux's    operation 

(cheiloplasty),  vi.  904 
Ledum,  poisonous  plant,  i.  707 
Leech,  iv.  700 

application  of,  ii.  73 

European,  iv.  700 

gray,  iv.  701 

green,  iv.  701 

Mexican,  iv.  703 

mountain,  iv.  703 
Leech  tube,  ii.  73 
Leeching,  ii.  72 
Left-handedness,  iv.  489 
Left  ventricle,  hypertrophy  of, 
•     physical  signs  of,  ii.  833 
Leg,  amputation  of,  i.  260 

Anglesey  (artificial),  iv.  513 

anomalies  of  arteries  of,  i.  535 

applied  anatomy  of,  v.  476 

artificial,  iv.  513 

Barbados,  iii.   781 

bones  of,  v.  477 

dislocations  of  the,  iii.  538 

eczema  of  the,  iii.  735 

elephantiasis  of,  iii.  783 

fascia  of,  v.  479 

lymphatic  glands  of,  v.  684 

lymphatics  of,  v.  688 

muscles  of,  v.  480 

anomalies  of,  vi.  57 

skin  of,  V.  478 

ulcers  of,   differential  diagnosis 
of,  vii.  947 

veins  of,  v.  478 
Legal's  test  for  acetone  in  urine, 

i.  67;  viii.  49 
Leggings  for  soldiers,  v.  796 
Legumes  as  a  food  for  invalids,  iii. 

455 
Leguminosse,  v.  483 

poisonous  plants  of,  vi.  694 
Leiomyoma,  vi.  40,  74;  vii.  35,  907 

etiology,  vi.  75 

histology,  vi.  74 

malignant,  vii.  35 

nature,  vi.  75 

origin,  vi.  75 

seats,  vi.  75,  77 
Leishmania,  viii.  643 
Leiter  cooling  apparatus  for  ear, 

iii.  596 
Lemhert's  continuous  suture,  v.  177 

interrupted  suture,  v.  178 

sutures,  iii.  306 
Lemon,  iii.  137;  v.  483 

grass,  iii.  136;  and  see  Citronella 
grass 

ground,  see  Podophyllum 

salt  of,  vi.  453 

sour,  iii.  137 

sweet,  iii.  127 

wild,  see  Podophyllum 
Lemon  Springs,  v.  488 
Lenigallol,  v.  483 
Lenirobin,  v.  483 
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Xenitives,  see  Laxatives,  v.  468 
lie  Noble's  test  for  acetone,  i.  76 
Ijens,  crystalline,  iv.  81 

changes  in  the  shape  of,  iv.  93 
development  of,  iv.  68 
dislocation  of,  iv.  103 
foreign  bodies  in,  iv.  105 
injuries  to,  iv.  102 
■wounds  of,  iv.  103 
Xenses,  iv.  88 

strength  of,  iv.  89 
trial,  vi.  895 
Lenticular  arteries,  ii.  253 
Xenticulo-striate  arteries,  ii.  253 
Xenticulo-thalamic    arteries,  ii. 

253 
Iientigo,  v.  483 

sestivale,  v.  483 
Iieontiasis  ossea,  vi.  274 

diagnosed  from  acromegaly,  1.  95 
Xeonurus,  v.  379 

cardiaca,  v.  379 
Xieo's  sugar,  see  Laiose 
liepidoptera,  poisonous,  v.  166 
Lepldotic  acid,  an  animal  pigment, 

iii.  225 
Lepierre's  base,  ptomain,  vi.  790 
Lepiota,  iv.  383 

Morgagni,  iv.  284 
nancinoides,  iv.  284 
procera,  iv.  284 
Xepra,  v.  484;  and  see  Leprosy 

arabum,  v.  484 ;  and  see  Lepi'osy 
maculo-anfesthetica,  v.  485 
mutilans,  differentiated  from  ain- 

hum,  i.  146 
tuberosa,  v.  484 
Iieprosy,  v.  484 

ansesthetic,  v.  485 
bacillus  of,  i.  697 
bacteriological  diagnosis  of,  viii. 

442 
bacteriology  of,  i.  693 
definition,  v.  484 
diagnosis,  v.  488 
etiology,  v.  487 
geography,  v.  487 
history,  v.  487 

ichthyol  in  treatment  of,  iv.  836 
in  children,  v.  485 
in  the  new-born,  vi.  279 
Lombardian,  see  Pellagra,  vi.  520 
nodular,  v.  484 

of  the  hands  and  fingers,  iv.  507 
of  the  larynx,  v.  426 

cause  of  stenosis,  v.  440 
of  tlie  nasal  cavities,  vi.  128 
of  veins,  viii.  218 
pathology,  V.  487 
period  of  incubation,  v.  484 
prognosis,  v.  489 
prophylaxis,  v.  490 
quarantine  regulations  against, 

vi.  826 
symptoms,  v.  484 
synonyms,  v.  484 
the  veins  in,  ii.  108 
transmitted    by   mosquitoes,   v. 

871 
treatment,  v.  490 
Xeptandra,  v.  490 
virginica,  v.  490 
Leptandrin,  v.  490 
Leprous  myositis,  vi.  32 
Xieptilon  canadense,  iv.  158 
Xeptodera,  vi.  207 
intestinalis,  vi.  208 
Niellyi,  vi.  207 


Leptodera  pellio,  vi.  207,  502,  504 
setigera,  vi.  208 
stetcoralis,  vi.  208 
teres,  vi.  208 
terricola,  vi.  208 
Leptomeningitis,  ii.  390,  393 
a  cause  of  headache,  iv.  552 
acute  purulent,  vii.  329 
complicating  otitis  media,  iii.  655 
secondary,  vii.  332 
vascular  changes  in,  ii.  108 
Leptomeninx  =  pia,  ii.  209 
Leptus  americanus,  i.  435 
autumnalis,  i.  435 
ivritans,  i.  435 
Lerievant's       operation      (saddle 

nose),  vi.  124 
Leslie  Well,  v.  491 
Lethargic  state  of  hypnosis,  iv. 

812 
Lethargy,  ii.  534;  iii.  261 
Lettuce,  v.  403 
Leucasmus,  i.  165 
Leucin,  i.  68 

animal,  ptomain,  vi.  788 
in  urine,  viii.  60 
Leucism,  i.  165 
Leucoblasts,  ii.  22 
Leucocytes,  ii.   30,  and   see  Blood 
corpuscles,  white 
life  history  of,  ii.  33 
normal  percentages  of,  v.  491 
number  of,  v.  491 
role  of,  in  inflammation,  v.  3 
Leucocythaemia,  v.  496 

laryngeal  stenosis  in,  v.  440 
Leucocytolytic  serum,  viii.  539 
Leucocytosis,  v.  491 

absence  of,  diseases  showing,  v. 

493 ;  and  see  Leucopenia 
blood  changes  in,  ii.  69 
diagnosed  from  leukaemia,  v.  503 
diseases  in  which  it  is  present,  v. 

492 
during  digestion,  v.  491 
experimental,  v.  492 
hsemolymph  glands  in,  iv.  473 
infectious,  v.  493 
inflammatory,  v.  493 
in  pregnancy,  v.  491 
in  the  moribund,  v.  491 
in  the  new-born,  v.  491 
pathological,  v.  491 
physiological,  v.  491 
post-hemorrhagic,  v.  493 
therapeutic,  v.  493 
Leucoderma,   i.   165;  vi.   635;  vm. 

264 ;  and  see  Vitiligo 
Leucoline,  ii.  834 
Leucolysis,  vi.  205 
Leucoma'ins,  meaning  of  term,  i. 
642 
in  insanity,  v.  40 
Leuconychia,  vi.  93 
Leucopathia,  i.  165 
Leucopenia,  v.  493 ;  and  see  Hypo- 

leueocytosis 
Leucopenia  phase,  v.  493 
Leucorrhoea,  v.  493 
acute,  V.  494 
causes,  v.  494 
chronic,  v.  495 
prognosis,  v.  496 
treatment,  v.  496 
Leucosis,  i.  165 
Leucotrichia,  vi.  635 

acquisita,  vi.  635 
Leucynosis,  i.  165 


Leukaemia,  v.  496 
acute,  V.  500 
blood  changes  in,  ii.  69 
chronic,  v.  501 
definition,  v.  496 
dermal,  v.  500,  501 
diagnosed  from  purpura,  v.  863 
diagnosis,  v.  503 
hsemolymph  glands  in,  iv.  473 
historical  account,  v.  496 
in  enlargements  of  spleen,  i.  33 
leucooytio,  v.  497 
lymphatic,  v.  500 
acute,  V.  500 
blood  in,  ii.  69 ;  v.  501 
bone  marrow  in,  v.  501 
general  description,  v.  501 
lymphatic  glands  in,  v.  502 
pathological    anatomy    and 

physiology,  v.  501 
spleen  in,  v.  502 
myelocytic,  v.  497 
myelogenous,  v.  497 

blood  changes  in,  ii.  69;  v. 

498 
body  temperature  in,  v.  500 
bone-marrow  in,  v.  499 
circulatory    system    in,    v. 

499 
clinical  description,  v.  497 
digestive  system  in,  v.  500 
general    metabolism   in,   v. 

500 
genito-urinary  system  in,  v. 

500 
hemorrhage  in,  v.  499 
liver  in,  v.  499 
lymphatic  glands  in,  v.  499 
nervous  system  in,  v.  500 
pathological    anatomy    and 

physiology  of,  v.  498 
predisposing  causes,  v.  497 
respiratory  system  in,  v.  500 
retinal  changes  in,  v.  499 
skin  in,  v.  500 
spleen  in,  v.  499 
terminations,  v.  497 
prognosis,  v.  503 
retinitis  in,  vi.  958 
Roentgen  rays  in,  viii.  560 
splenic,  v.  497 
treatment,  v.  503 ;  viii.  560 
varieties,  v.  497 
Leuksemic  infiltration,  iv.  873 
Leukerbad,  viii.  573 
Leukopathia  unguium,  vi.  93 
Leukoplakia  of  oesophagus,  vi. 

340 
Levant  fever,  v.  685 ;  and  see  Malta 

fever 
Levator  anguli  scapulae  muscle, 

anomalies  of,  vi.  48 
Levator  claviculse  muscle,  iv.  44, 

49 
Levator     glandulse     thyroidese 

muscle,  vi.  46;  vii.  770 
Levator  labii  superioris  proprius 

muscle,  anomalies  of,  vi.  43 
Levator  palati  muscle,  viii.  107 
Levator      palpebrse      superioris 

muscle,  anomalies  of,  iv.  43 
Levelling  apparatus,  Koch's,  viii. 

386 
Levico,  V.  504 
Levisticum,  v.  574 

levistlcum,  v.  574  __ 
Levulose  in  urine,  viii.  43 
Levulosuria,  viii.  43 
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Leydenia  g'emtuipara,  viii.  640 
Leyden's  crystals  in  asthma,  i. 

587;  vii.  432 
Iieysin,  Switzerland,  v.  504 
liiability    of    third    parties  for 

physician's  fees,  iv.  141 
Liberia,  Pharmacopoeia  in,  vi.  585 
Liberty,  Sullivan  Co.,  N.  Y.,  v. 

505 
Liborius'    method     of   cultivating 
anaerobic  bacteria,  viii.  429 
tube  for  anaerobic  bacteria,  viii. 
429 
License  to  practise  medicine,  iv. 
46;  viii.  617 
early  legislation,  iv.  47 
necessary  preliminary  education 

for,  iv.  46 
synopsis  of  requirement  In  differ- 
ent States,  iv.  48 
Lichen,  v.  506 

febrile,   diagnosed    from   small- 
pox, vii.  350 
pilaris,  V.  307 ;  and  see  Keratosis 

pilaris 
planus,  i.  455;  v.  506 

diagnosed  from  eczema,  iii. 

714 
diagnosed  from  lichen  ruber 

acurainatus,  v.  508 
diagnosed      from      verruca 

plana,  viii.  322 
diagnosis,  v.  506 
etiology,  v.  506 
of  arm  and  forearm,  i.  455, 

457 
of  the  tongue,  vii.  796 
pathological  anatomy,  v.  506 
treatment,  v.  506 
ruber  acuminatus,  v.  507 
diagnosis,  v.  508 
etiology,  v.  508 
of  arm  and  forearm,  i.  457 
pathological  anatomy,  v.  508 
treatment,  v.  508 
simplex,  iii.  709  ;  v.  506 
scrofulosorum,  v.  508 
diagnosis,  v.  .509 
etiology,  v.  508 
histopathology,  v.  509 
prognosis,  v.  509 
symptoms,  v.  508 
synonyms,  v.  508 
treatment,  v.  509 
tropicus,  V.  506.  791 
urticatus,  v.  506 
Lichenification,  v.  506 
Lichenin,  vi.  1 
Lick  Springs,  vii.  914 
Lieben's  test  for  acetone  in  urine,  i. 

66;  viii.  49 
Lieberktihn,  crypts  of,  v.  183 
Liebig's  theory  of  fermentation, 

iv.  146 
Life,  iii.  379 

duration  of,  v.  567 
periods  of,  i.  139 
tlieories  of,  iii.  379 
Life  insurance  examinations,  v 

509  ' 

Life-tables,  viii.  258 

conditions  affecting  the  accuracy 

of,  viii.  359 
construction  of,  viii.  258 
Ligaments,  arcuate,  of  the  wrist 
viii.  317 
broad,  of  the  uterus,  vii.  190 
cotyloid,  iv.  690 
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Ligaments,  crucial,   of   the   knee 
joint,  V.  370 
histology  of,  iii.  254 
ilio-femoral,  iv.  691 
ischio-capsular,  iv.  693 
lateral,  of  the  knee-joint,  v.  370 
of  the  ankle,  i.  359 
of  the  auricle,  i.  637 
of  the  cornea,  iv.  71 
of  the  elbow-joint,  iii.  739 
of  the  foot  and  ankle,  iv.  193 
of  the  hip-joint,  iv.  689 
of  tlie  larynx,  v.  408 
of  tlie  liver,  v.  527 
of  tlie  male  bladder,  i.  764 
of  the  ossicles  of  the  ear,  i.  616 
of  the  pelvis,  vi.  537 
of  the  shoulder-joint,  vii.  205 
of  the  uterus,  vii.  160 
of  the  wrist-joints,  viii.  317 
pubo-femoral,  iv.  693 
round,  of  the  hip-joint,  iv.  691 

of  the  uterus,  vii.  161 
sacrosciatic,  vi.  538 
straight,  of  the  wrist,  viii.  317 
thyro-epiglottic,  v.  408 
thyro-hyoid,  v.  408 
torn,  treatment  of,  v.  291 
triangular,  vi.  565 
Y,  of  Bigelow,  iv.  691 
Ligamentum  denticulatum,  ii.  311 
mallei,  iii.  .585 

nuchae,  replaced  by  muscle,  vi.  60 
obturatorium  stapedis,  iii.  586 
patellae,  rupture  of,  vi.  518 
teres,  iv.  690 
Ligature  and  exsection  of  internal 
jugular  vein,  v.  713 
aseptic,  iii.  552 
healing  of  arteries  after,  i.  538 
history  of,  i.  538 
in  arresting  hemorrhage,  iv.  635 
of  arteries,  for  inoperable  cancer, 
ii.  644 
brachial,  i.  453;  iii.  735 
common  carotid,  vi.  193 
external  carotid,  vi.  194 
femoral,  vii.  739 
lingual,  vi.  194 
posterior  tibial,  v.  481 
radial,  iv.  242 
subclavian,  vi.  194 
ulnar,  iv.  243 
vertebral,  vi.  196 
of  blood-vessels  in  amputation,  i. 
243 
Ligatures,  iii.   553;  and  see  Dress- 
ings, surgical 
animal,  i.  543 
McGraw's,  v.  181 
metallic,  i.  543 
preparation  of,  i.  568 
sterilization  of,  i.  568 
Ligatures  vivantes,  iv.  339 
Light  as  an  aid  in  the  judgment  of 
direction,  iii.  494 
at  health  resorts,  iv.  564 
baths,  vi.  992 

effect  of,  on  bacteria,  i.  685 
on  differentiation,  iii.  468 
on  the  organism,  vi.  991 
local  applications  of,  vi.  992 
perception,     measurement       of 

acuteness  of,  vi.  392 
physics,  physiology,   and    ther- 
apy of,  viii.  562 
polarized,  vi.  728 
therapeutics  of,  vi.  991 ;  viii.  565, 


"Light  baths,"  vi.  993 
Lighting  of  habitations,  iv.  761 
inspection  of,  iv.  769 
of  school  buildings,  vii.  69 
of  workshops,  effect  on  health, 
vi.  328 
Lignoin,  iii.  92 
Lignosulfit,  v.  513 
Lignum  quassiae,  vi.  826 

vitse,  iv.  433 
Liliaceae,  poisonous  plant  of,  vi.  695 
Lily  family,  see  Liliacea 
of  the  valley,  v.  513 

poisonous  plant,  vi.  705 
water,    vi.    308;   and  see  Nym- 
pheacem 
Limb,  shortening  of,  complicating 

hip  disease,  v.  385 
Limbic  lobe,  ii.  308 
Limbs,  artificial,  v.  513 
cost  of,  V.  £15 
durability  of,  v.  515 
makers  of,  v.  515 
weight  of,  V.  515 
Limbs,  massage  of,  v.  695 
Limbs,  primitive  origin  of,  iv.  480 
Lime,  ii.  551 

caustic,  iii.  412 
chloride  of,  iii.  6 

as  a  deodorant,  iii.  411 

as  a  disinfectant,  i.  688;  iii. 

503 
as  a  germicide,  iv.  333 
chlorinated,  iii.  6 
flowers,  V.  515 
hypochlorite  of,  as  a  germicide, 

iv.  333 
liniment,  ii.  552;  v.  516 
quick,  as  a  disinfectant,  iii.  503 
salts,  in  body  tissues,  iii.  396 
necessary  for  coagulation  of 
the  blood,  iii.  150 
slaked,  ii.  5-51 
solution  of,  ii.  551 
sulphurated,  vii.  557 
water,  ii.  551 
Limes,  iii.  137 
Limnotis,  iv.  701 ;  vi.  502 
nilotica,  iv.  701 ;  vi.  503 
Limonene,  ii.  760 
Limonin,  iii.  137 

Limping,  diagnostic  significance  of, 
V.  515 
in  hip-joint  disease,  v.  267 
Linaloyl  acetate,  v.  468 
Linden  flowers,  v.  515 
Linea  alba,  i.  4 
fusca,  vi.  634 
semilunaris,  i.  4 
Lineville  Mineral  Springs,  v.  516 
Lingual  artery,  vi.  194 
anomalies  of,  i.  537 
ligature  of,  vi.  194 
surface  markings  of,  vi.  191 
Lingual  paralysis,  iv.  834 
Lingual  spasm,  iv.  823 
Linguatula,  i.  439 
denticulata,  i.  429 
rhinaria,  i.  428,  429 
Linguatulida,  i.  428 
Lingula  of  cerebellum,  ii.  160 
Linhart's  mixture,  as  an  anaesthe- 
tic, i.  292 
Liniments,  v.  737 
ammonia,  i.  215 
belladonna,  i.  743 
camphorated  soap,  vii.  255 
cantharidal,  ii.  653 
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liiuiments,  cliloroform,  iii.  8 

lime,  ii.  552;  v.  516 

soap,  vii.  255 

turpentine,  vii.  914 

volatile,  i.  215 
liinixuentum  calcis,  ii.  552 
Ijinin,  ii.  762 
Xinseed,  v.  516 

ground,  v.  516 

meal,  v.  516 

oil  of,  V.  516     . 
Xint,  V.  516 
Linum,  v.  516 

usitatisaimum,  v.  516 
Lion's  incubator,  vi.  749 
Xip,  Baelz's  disease  of,  i.  732 

cancer  of,  ii.  634,  683 

carbuncle  of,  ii.  669 

eczema  of,  iii.  724 

lupvis  of,  V.  613 

lymphangioma  of,  i.  352 

plastic  operations  on  the,  vi.  901 

sarcoma  of,  ii.  634 
Xipanin,  v.  517 ;  vii.  809 
Xipochrome,  iii.  323;  vi.  634 
Xipodystrophy,    intestinal,   viii, 

566 
Xipogenesis,  v.  517 
Xipoma,  vii.  907;  viii.  567 

arborescens,  viii.  567 

capsulare,  viii.  567 

cavernosum,  viii.  568 

circumscribed,  viii.  568 

diagnosis,  viii.  570 

diffuse,  viii.  568 

durum,  viii.  568 

etiology,  viii.  568 

histogenesis,  viii.  567 

intermuscular,  viii.  569 

microscopical  appearances,  viii. 
568 

multiple,  viii   568  • 

of  the  auricle,  iii.  666 

of  the  conjunctiva,  iv.  108 

of  the  eyelid,  iv.  107 

of  the  Fallopian  tubes,  iv.  138 

of  the  hands  and  fingers,  iv.  501 

of  the  intestine,  v.  189 

of  the  joints,  viii.  569 

of  the  kidney,  v.  323:  viii.  570 

of  the  larynx,  v.  433 

of  the  mamma,  ii.  476 

of  the  cesophagus,  vi.  344 

of  the  omentum,  vi.  360 

of  the  orbit,  iv.  115 

of  the  parotid  gland,  vi.  511 

of  the  periosteum,  vi.  569 

of  the  peritoneum,  vi.  571 

of  the  pharynx,  vi.  604 

of  the  tonsil,  vii.  822 

pendulum,  viii.  568 

prognosis,  viii.  571 

pseudo-,  viii.  567 

retrograde  changes  in,  viii.  570 

subcutaneous,  viii.  569 

submucous,  viii.  509 

subserous,  viii.  569 

symmetrical,  viii.  568 

teleangiectatic,  viii.  568 

treatment,  viii.  571 
Xipomatosis,  symmetrical,  vi.  274 
Xiposarcoma,  viii.  568 
Xipothymia,  ii.  324 
Xipuria,  iii.  82 
Xiquefaction  necrosis,  vi.  203 
Xiquid  cultures,  viii.  428 
Xiquid,  Dutch.,  iv.  15 
Xiquidambar,  vii.  529 
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Xxquor,  v.  738 ;  see  also  Solution 
acidi  arsenosi,  i.  534 
adhKsivus,  iv.  156 
ammonii  acetatis,  i.  316 
amnii,  i.  335 

arseniiethydrargyriiodidi,  i.  534 
calcis,  ii.  551 
ferri  acetatis,  v.  335 
chloridi,  v.  327 
citratis,  v.  226 
et  ammonii  acetatis,  v.  236 
nitratis,  v.  238 
subsulphatis,  if.  228 
tersulphatis,  v.  338 
glusidi,  vii.  1 
gutta3  perchaj,  iv.  456 
hydrargyri  nitratis,  v.  754 
iodi  compositus,  v.  305 
magnesii  citratis,  v.  673 
Morgagni,  iv.  88 
picis  alkalinus,  iii.  730 
plumbi  subacetatis,  v.  471 

subacetatis  dilutus,  v.  471 
potassae,  vi.  743 
potassii  arsenitis,  i.  524 

citratis,  vi.  744 
sanguinis,  ii.  16,  34 
sodse,  vii.  256 

chloratse,  iii.  6 
sodii  arsenatis,  1.  524 

ethylatis  ^B.  P).,  ii.  758 
zinci  chloridi,  viii.  393 
Xiquorice,  black,  v.  518 
Italian,  v.  518 
Russian,  v.  518 
Spanish,  v.  518 
stick,  V.  518 
Xiquorice  root,  v.  517 
Xiquors,    intoxicating,    adultera- 
tion of,  iv.  171 
Xiriodendrin,  v.  674 
Xiriodendron,  v.  674 
Xisfranc's  method  of  amputation, 
at  shoulder,  i.  354 
of  foot,  i.  256 
Xisping,  vii.  435 
Xissner's  Mineral  Spring,  v.  518 
Xistoma,  iv.  702 

coccineum,  iv.  702 
Ghilianii,  iv.  702 
Xithsemia,  see  Ootit 

diet  in,  iii.  463 
Xitharge,  v.  471 
Xithia  Springs,  Geneva,  N.  Y., 

iv.  316 
Xithio-piperazine,  v.  518 
Xithium,  v.  518 
benzoate,  i.  745 
bromide,  ii.  485 
carbonate,  v.  518 
citrate,  v.  518 
diuretin,  viii.  60 
quinate,  viii.  60 
salicylate,  vii.  9 
salts,  diuretic  action  of,  iii.  545 
Xithokelyphopsedion,  i.  227;  iv. 

57 
Xithokelyphos,  i.  327 ;  iv.  57 
Xitholapaxy,  v.  519 
exceptions  to,  i.  799 
operation,  v.  531 
size  of  instruments,  v.  533 
Xithopsedion,  iv.  57 
Xithotomy,  v.  523 
infrapubic,  v.  535 
lateral,  v.  525 

parts  divided  in,  vi.  566 
parts  to  be  avoided  in,  vi.  567 


Xithotomy,  median  perineal,  v.  525 
suprapubic,  v.  523 

after-treatment,  v.  534 

complications,  v.  535 

operation,  v.  523 

prognosis,  v.  .525 
Xithotrites,  v.  519 
Xithotrity,  rapid,  vpith  evacuation, 

Xitigation   and    nervous   diseases, 

vi.  239 
Xitre,  viii.  399 

Xitten's    diaphragm    phenomenon, 
iii.  434 
sign,  ii.  814 
Xitters,  vii.  848 
hand,  i.  489 
Xitton  Seltzer  Springs,  v.  536 
Xittre's  glands,  viii.  15 
Xiver,  v.  526 

abscess  of  the,  i.  27,  44 ;  v.  530 
definition,  v.  530 
diagnosis,  v.  534 
differential  diagnosis,  v.  535 
distribution,  v.  530 
due  to  amoeba  coli,  i.  239 
etiology,  v.  530 
from  arterial    infection,   v. 

531 
idiopathic,  v.  531 
in  amoebic  dysentery,  iii.  570 
pathogenesis,  v.  531 
prognosis,  v.  534 
surgical  treatment  of,  v.  557 
treatment,  v.  535 
tropical,  v.  533 
acute  yellow  atrophy  of  the,  i. 
646;  V.  536 
definition,  v.  536' 
diagnosis,  v.  539 
etiology,  v.  536 
frequency,  v.  536 
morbid  anatomy,  v.  537 
prognosis,  v.  539 
symptoms,  v.  538 
treatment,  v.  539 
adenoma  of,  i.  113 ;  v.  554 
amyloid  disease  of  the,  i.  26,  269 
amylolytic  enzyme  in  the,  iii.  843 
anatomy  of  the,  i.  11 ;  v.  526,  557 
angioma  of,  i.  350 
as  a  source  of  auto-intoxication, 

i.  645 
atrophy  of,  i.  609 
biliary  obstruction  of,  i.  35 
blood  supply  of,  v.  527,  562 
carcinoma  of,  i.  27 ;  v.  555 

differential  diagnosis  of,  v. 
535 
cavernous    heemangioma  of,   v. 

555 
chemical  composition  of,  v.  562 
cirrhosis  of  the,  v.  543,  548 
atrophic,  v.  544,  548 
diagnosis,  vi.  8 
classification,  v.  548 
clinical,  v.  548 
definition  of,  v.  543 
diet  in,  iii.  459 
etiology,  v.  543 
Hanot's,  v.  547 
hypertrophic,  i.  35;  v.  545, 

549 
mixed,  v.  543 
Morrison's  operation  for,  vi. 

358 
obstructive  biliary,  v.  546 
pigmentary,  v.  547 
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liiver,  cirrhosis  of  the,   portal,   v. 
548 

surgical  treatment  of,  v.  560 
concerned  in  coagulation  of  the 

blood,  iii.  151 
condition  of,  in  diphtheria,  iii. 

484 
congestion  of  the,  i.  24,  35;  v.  551 
corset-,  i.  38 
cysts  of,  iii.  350 
echinocoocus  of  the,  i.  37;  v.  539 

diagnosis,  v.  541 

differential  diagnosis,  v.  541 

etiology,  v.  539 

history,  v.  539 

multilocular,  v.  540 

pathology,  v.  539 

prognosis,  v.  543 

prophylaxis,  v.  542 

surgical  treatment,   v.  542, 
558 

symptoms,  v.  540 

treatment,  v.  543 
effect  of  removal  of,  v.  565 
enlarged,  diagnosed  from  renal 

tumor,  V.  338 
erythrocytes  formed  in  the,  ii.  17 
excretory  system  of,  v.  537 
extract  of,  vi.  416 
fatty,  1.  36;  v.  550 

degeneration,  v.  550 

intiltratiou,  v.  550 
fibroma,  v.  555 
fissures,  v.  536 
floating,  i.  38 
functions  of,  v.  563 
gin-drinker's,  v.  544,  548 
granular,  v.  544 
histology  of,  v.  538,  564 
hob-nailed,  v.  544,  548 
hydatids  of,  v.  539 
hypersemia  of,  v.  551 

course,  v.  553 

diagnosis,  v.  553 

duration,  v.  553 

etiology,  v.  551 

morbid  anatomy  and  path- 
ology, V.  558 

prognosis,  v.  553 

symptoms,  v.  552 

treatment,  v.  553 

varieties,  v.  551 
hypertrophic  ciiThosis  of  the,  i. 

25;  V.  545,  549 
indications  for  operative  treat- 
ment of  diseases  of,  v.  560 
inflammation  of  the  capsule  of, 

perihepatitis,  v.  556 
injuries  of,  i.  17 
leukeemic  enlargement  of,  v.  499 
ligaments  of  the,  v.  527 
lymphatics  of  the,  v.  537,  529,  639 
malformations  of,  vii.  705 
minute  anatomy  of  the,  v.  538, 

564 
movable,  i.  28 
nerves  of  the,  v.  527 
neuralgia  of,  vi,  248 
new  growths  of  the,  v.  554 
operations  on,  v.  557 

indications  for,  v.  560 

preparation  for,  v.  557 
parasites  of,  v.  539 ;  vi.  501 
physiology  of,  v.  561 
pulse,  vi.  808 
sarcoma  of,  v.  555 
secretion  of  the,  effect  of  disturb- 
ances on  metabolism,  v.  773 


Liver  surfaces,  v.  526 

surgery  of,  v.  557 

syphilitic  disease  of  the,  i.  35 ;  v. 
560;  vii.  624 

topographical    anatomy    of,   ii. 
813;  iv.  .567 

tropical  abscess  of,  v.  532 

tuberculosis  of,  viii.  571 

tumors  of  the,  i.  34;  v.  554 
surgical  treatment  of,  v.  558 
' '  Liver   and  Kidney  "   Springs, 

Cal.,  it.  530 
Liver  flukes    among  animals,   de- 
tection of,  V.  736 
Liver  spot,  ii.  835 
Lividity,  cadaveric,  iii.  131 
Living  substance,  i.  756 

characteristics  of,  i.  757 

structure  of,  iii.  369 
Livingston  Artesian  Well,  y.  565 
Lobelacrin,  v.  566 
Lobelia,  ii.  633;  v.  566 

as  an  expectorant,  iv.  50 

inflata,  v.  566 
Lobeliaceee,    poisonous   plants  of, 

vi,  694 
Lobelic  acid,  v.  566 
Lobeline,  v.  566 
Lobelioidse,  ii.  633 
Lobes  of  brain,  ii.  187 

of  ear,  i.  637 
Lockjaw,  vii.  735 
Loco  •weeds,  poisonous,  vi.  708 
Locomotion,  human,  rhythm  of,  v. 

515 
Locomotor  ataxia,  vii.  378 

and  brain  tumor,  diagnosis  of,  ii. 
449 

as  subject  of  litigation,  vi.  239 

course,  vii.  381 

diagnosis,  vii.  380 

duration,  vii.  381 

etiology,  vii.  378 

hand  in,  iv.  531 

prognosis,  vii.  381 

symptoms,  vii.  378 

treatment,  vii.  381 
Lodi  Artesian  Well,  v.  566 
Loeb's  work  on    parthenogenesis, 

vi.  516 
Loeche-les-Bains,  viii.  573 
Loeffler's  blood  serum,  viii.  416 

method  of  staining  flagella,  viii. 
438 

methylene  blue,  viii.  436 
Logagraphia,  i.  410 
Loganiacese,  poisonous  plants  of, 

vi.  695 
Loganin,  Iv.  307 
Logaphasia,  i.  410 
Log-hut,  V.  811 
Logwood,  V.  566 
Lolium,  vi.  701 

gramineffi,  vi.  701 

temulentum,  vi.  701 
London  hearing  dome,  the,  iii.  633 
Londonderry  Lithia  Springs,  v. 

Longevity,  v.  567 
cases  of,  iii.  379 

occupation  as  a  factor  in,  vi.  316 
Longissimus  dorsi  muscle,  anom- 

ahes  of,  vi.  60 
Longitudinal  sinus,  ii.  360 
Longus  colli  muscle,  anomalies  of, 

vi.  48 
Loomis  sanitarium,  v.  505 
Loose  bodies  in  the  joints,  v.  296 


Lophophorine,  v.  761 
Lophophorus,  v.  761 
anlialonium,  v.  761 
Lewlnii,  v.  761 
Williamsii,  v.  761 
Loranthaceae,  v.  571 
Lordosis,  v.  571 
Lorenz  bandage,  iv.  696 

method   of  treatment  for  club- 
foot, iv.  324 
for  knocU-knee,  v.  375 
operation  for  congenital  disloca- 
tion of  the  hip,  iv.  695 
Loretin,  v.  571 
Loretin-bismuth,  v.  572 
Loring's  ophthalmoscope,  vi.  381, 

383 
Los  Angeles  and  Pasadena,   v. 

573 
Lisophan,  v.  307,  574 
Lotion,  acids  used  as,  i.  72 

Granville's,  ii.  15 
Louisiana,  history  of  yellow  fever 
in,  viii.  588,  589 
requirements  for  medical  prac- 
tice in,  iv.  48 
Louisville  Artesian  Well,  v.  574 
Louisville    mineral  Springs,   v. 

574 
Lovage  root,  v.  574 
Lovdowsky's  fluid,  iv.  710 
Love  pea,  v.  260 

Lower  Blue  Lick  Springs,  v.  574 
Lowmoor  jacket,  vi.  188 
Lozodes  dentatus,  viii.  658 
Lozenges,  v.  739 
Lubricants,  iii.  557 
Lucas  Championniere's   method 
of  treatment  of  inguinal  hernia,  iv. 
675 
Lucilia  Caesar,  v.  154 
•       hominivorus,  v.  154 

macellaria  in  the  nasal  cavities, 
vi.  142 
Lucke    and    Bier's    osteoplastic 

necrotomy,  vi.  423 
Luc-Ogston    method    of  treating 

sinusitis,  iv.  374 
Ludwig  and  Dogiel's  rheometer, 

Iii.  100 
Ludwig-Salkowski     method    of 
estimating  quantity  of  uric  acid  in 
urine,  viii.  35 
Ludwig's  angina,  vi.  593;  viii.  581; 
and   see  Pharyngitis,  acute  phleg- 
monous 
Ludwig's  mercury  pressure  ap- 
paratus, iv.  735 
Lugol's  solution  of  iodine,  v.  305 

preparation  of,  viii.  396 
Lumbar  hernia,  iv.  681 
Lumbar  lymphatic  glands  and 

plexus,  V.  640 
Lumbar  puncture,  vii.  233 
in  meningitis,  ii.  39-i,  776 
Lumbo-sacral    articulation,    vi. 

538 
Lumbricales  manus,  anomalies  of, 

vi.  54 
Lumbricales  pedis,  anomalies  of, 

vi.  59 
Lumbricus  canis,  vi.  333 
Lunacy,  v.  35 ;  and  see  Insanity 
Lunar  caustic,  vii.  215 
Lunge-Zeckendorf  carbon  dioxide 

apparatus,  vi.  160 
Lungs,  V.  575;  vii.  749 

abscess  of,  v.  586 ;  vii.  755 
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liungs,    action    of    ansesthfetics   on 
ilie,  i.  298 

affected  in  tropical  abscess,  v. 
533 

affections     of      llie     bronchial 
glands,  V.  587 

amount  of  carbon  dioxide  elimi- 
nated by,  V.  768 

anatomy  of  the,  v.  575 

nomenclature  in,  v.  583 

atrium  of,  v.  581 

auscultation  of  the,  ii.  816 

bronchiectatic  cavities  in,  vii.  755 

capacity  of,  vi.  947 

carcinoma  of  the,  v.  606 

collapse  of,  i.  597 

complications  of,  following  an- 
Eesthesia,  iil.  24 

condition  of  the,  in  diphtheria, 
iii.  483 

congestion  of  the,  v.  591 
active,  v.  591 
hypostatic,  v.  591 
mechanical,  v.  591 
passive,  v.  591 

corpora  amylacea  in  the,  iii.  296 

emphysema  of  the,  iii.  813 

enchondroma  of  the,  v.  606 

endothelioma  of  the,  v.  607 

examination    of,    during    preg- 
nancy, V.  381 

extract,  vi.  417 

Fell-0'Dwyer  method  of  insuf- 
flating, iv.  143 

fever,  vi.  676;  and  see  Pneumo- 
nia, lobar 

gangrene  of,  v.  590 ;  vii.  755 
sputum  in,  vii.  433 

hypersemia  of,  v.  591 
sputum  in,  v.  433 

infarction  of,  v.  591 

in  infancy,  anatomical  consider- 
ation of,  vi.  685 

interstitial  cirrhosis  of,  vi.  675; 
see  Pneumonia,  chronic 

lymphatics  of,  v.  584,  644 

malformations  of,  vii.  706 

masons',  v.  594 

medication  bj'  way  of,  v.  735 

millers',  v.  594 

minute  anatomy  of,  terminology, 
v.  582 

Berves  of,  v.  585 

oedema  of,  v.  593 

outline  of,  on  chest  wall,  iv.  567 

parasites  of,  vi.  501 

percussion  of  the,  ii.  815 

physical  examination  of  the,  ii. 
813 

physiology  of,  vi.  945 

pneumonokoniosis,  v.  594 

pneumothorax,  v.  597 

relations  of,  to   surface  of  the 
chest,  ii.  813 ;  vi.  946 

root  of,  structures  in,  v.  578 

sarcorna  of  the,  v.  607 

surgical  diseases  of,  vii.  755 

syphilis  of,  vii.  621 

tuberculosis  of,  v.  599;  and  see 
PhtMsis  and  Tuberculosis 

tumors  of,  v.  605 

wounds  of,  vii.  753 
Xunula  of  the  nail,  viii.  563 
Iiunulate  foramen,  ii.  317 
liupamaric  acid,  iv.  736 
Lupetaziue,  v.  609 
Iiupiues,  poisonous  plants,  vi.  703 
Xupoma,  V.  613 
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Lupulin,  iv.  735;  v.  609 
liupulinum,  v.  609 
liupus,  a  cause  of  stenosis  of  the 
larynx,  v.  440 
crustosus,  V.  613 
diagnosed  from  syphilis  of  the 
nose,  vi.  148 
from    tuberculosis    of    the 
nose,  vi.  149 
elevatus,  v.  613 
erythematosus,  v.  609 

diagnosed  from  eczema,  iii. 

713 
diagnosed  from  lupus  vul- 
garis, V.  615 
diagnosed  from  seborrhoea, 

vii.  89 
diagnosis,  v.  611 
discoid,  V.  610 
disseminate,  v.  610 
etiology,  v.  610 
pathological  anatomy,  v.  610 
prognosis,  v.  611 
relation  to  tuberculosis,  v. 

611 
symptomatology,  v.  609 
treatment,  v.  612 
exedens,  of  the  ano-vulvar  re- 
gion, i.  396 
exulcerans,  v.  613 
hypertrophicus,  v.  613 
maculosus,  v.  613 
nsevus,  i.  353 
nodosus,  V.  613 
non-exedens,v.  613 
non-ulceratus,  v.  613 
of  the  auricle,  v.  613 
of  the  extremities,  v.  614 
of  the  face,  v.  613 
of  the  genitals,  v.  614 
of  the  hand  and  fingers,  iv.  504 
of  the  larynx,  v.  426 
of  the  lips,  V.  613 
of  the   mucous    membranes,  v. 

614 
planus,  v.  613 
rodens,  v.  613 
serpiginosus,  v.  613 
tuberculatus,  v.  613 
tumidus,  V.  613 
verrucosus,  vii.  333 
vulgaris,  v.  612 

diagnosis,  v.  615 
Finsen's    method  of    treat- 
ment, vi.  993 
of  hand  and  fingers,  iv.  504 
pathology,  v.  614 
treatment,  v.  615 
varieties,  v.  613 
Luschka's  tonsil,  vii.  823 
hypertrophy  of,  iii.  613 
Xiustgarten's  bacillus  of  syphilis, 

i.  693 
Luxations,  iii.  506 
congenital,  vii.  715 
of  testicle,  vii.  180 
Luys'  urine  separator,  viii.  707 
liycetol,  V.  616 
Lychnis  Githago,  vi.  701 
Lycoperdales,  iv.  286 
Lycoperdon,  iv.  286 
Lycopodium,  v.  616 
clavatum,  v.  616 
Lycopus,  V.  379 
Lydite,  vii.  910 
Lygosin,  vi.  837 
Lymph,  v.  617 

and  chyle  compared,  iii.  76 


Lymph,  composition  of,  iii.  76;  v. 
617,  618 

flow  of,  effect  of  massage  upon, 
V.  696 

formation  of,  v.  618 

metastasis  by  means  of  the,  v. 
778 

movement  of,  v.  630 

production  of,  disturbance  of,  vi. 
334 

rate  of  flow  of,  v.  630 

relation  of,   to   metabolism,   v, 
630 
Lymph  nodes,  v.  656 

affections  of,  v.  666 

amyloid  degeneration  of,  v.  660 

anatomical  considerations,  v.  659 

animal  parasites,  v.  660 

atrophy  of,  v.  660 

calcification,  v.  660 

carcinoma  of,  v.  663 

diseases  of,  v.  659 

fatty  degeneration  of,  v.  660 
infiltration  of,  v.  660 

hyaline  degeneration,  v.  660 

hyperplasia  of,  v.  662 

inflammation  of,  v.  660;  and  see 
Lymplmdenitis 

in  scarlatina,  vii.  55 

pathological  changes  in,  v.  660 

pigmentation  of,  v.  660 

sarcoma,  v.  662 

scrofula,  v.  661,  666 

tuberculosis  of,  v.  667 

tumor  formation  in,  v.  661 
Lymph  scrotum,  iii.  783 
Lymph  vessels  and  nodes,  surgi- 
cal affections  of,  v.  664 
Lymphadenitis,  v.  660 

acute,  V.  660 

chronic,  v.  660 

syphilitic,  v.  661 

tuberculous,  v.  661 
Lymphadenoma,  iv.  738;   v.  661, 
664 ;  and  see  Hodgkin's  disease 

of  the  kidney,  v.  336 

of  the  mediastinal  glands,  v.  730 

of  the  orbit,  iv.  115 
Lymphaemia,  v.  500,  501 ;  and  see 

Leukcemia,  lymphatic 
Lymphangiectasis,  i.  353;  v.  631, 
666 

of  conjunctiva,  iv.  108 
Lymphangio-endothelioma,    vii. 

39,  908 
Lymphangioma,   i.   853;    v.   666; 
vii.  908 

cavernosum,  i.  353 

cysticum,  i.  353 

etiology,  i.  353 

occurrence,  i.  353 

of  eyelids,  iv.  107 

relation  to  lymphangiectasis,  v. 
621 

simplex,  i.  352 

treatment,  v.  666 

varieties,  i.  353 
Lymphangioma         circumscrip- 
tum, V.  633 
Lymphangitis,  v.  623,  666 

acute,  V.  623 

chronic,  v.  034 

gonorrhoeal,  viii,  527 

of  walls  of  veins,  viii.  310 

reticular,  v.  633 

syphilitic,  v.  633,  624 

tuberculous,  v.  633,  624 
Lymphatic  capillaries,  v.  651 
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Lymphatic    circulation,   disturb- 
ances of,  iii.  124 
Lymphatic  constitution,  vii.  446 
Lymphatic  diathesis,  vii.  446 
Lymphatic  duct,  v.   645;  and  see 
Tlioraeic  duct 
right,  V.  646 
Lymphatic  dyscrasia,  vii.  446 
Lymphatic  glands,  v.  624,  656 
amyloid  degeneration,  i.  270 
anterior  auricular,  v.  630 
antebrachial,  v.  632 
axillary,  v.  682 
brachial,  v.  633 
bronchial,  v.  644 
coeliac,  v.  640 

deep  cervical,  v.  681 ;  vi.  199 
diseases  of,  v.  659 
dorsal  mediastinal,  v.  644 
ectal  brachial,  v.  682 
cervical,  v.  630 
inguinal,  v.  634 
ental  brachial,  v.  633 
cervical,  v.  631 
inguinal,  v.  634 
extract  of,  vi.  414 
ha?matopoietic  functions  of,  vi. 

413 
hyaline  deposits  in,  iv.  773 
hypogastric,  v.  640 
iliac,  V.  640 
inferior  jugular,  v.  631 
inguinal,  v.  634 
in  Hodgkin's  disease,  iv.  739 
intercostal,  v.  644 
lumbar,  v.  640 
mastoid,  v.  630 
mediastinal,  v.  644 
mesenteric,  v.  641 
methods  of  injecting,  v.  658 
occipital,  V.  630 
of    the    abdominal    and    pelvic 

cavities,  v.  640 
of  the  arm  and  shoulder,  v.  632 
of  the  head  and  neck,  v.  630 
of  the  leg,  V.  634 
of  the  neck,  v.  630;  vi.  198 
of  the  obturator  foramen,  v.  683 
of  the  thorax,  v.  644 
parotid,  v.  630 
pectoral,  v.  644 
popliteal,  V.  634 
posterior  auricular,  v.  630 
prescapular,  v.  633 
sacral,  v.  640 
sarcoma  of,  ii.  643 
sternal,  v.  644 
structure  of,  v.  656 
subauricular,  v.  630 
submaxillary,  v.  630;  vi.  199 
suboccipital,  v.  630 
superficial  brachial,  v.  633 
cervical,  v.  630;  vi.  199 
cubital,  V.  632 
facial,  V.  630 
jugular,  V.  630 
supraclavicular,  v.  631 
suprahyoid,  vi.  199 
supratrochlear,  v.  633 
thoracic,  v,  644 
tuberculosis  of,  vii.  908 
ventral  mediastinal,  v.  644 
zygomatic,  v.  630 
Lymphatic  plexus,   bronchial,  v. 
644 
cceliac,  v.  641 
hypogastric,  v.  640 
iliac,  V.  640 
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Lymphatic  plexus,  intercostal,  v. 
644 
lumbar,  v.  640 
mediastinal,  v.  644 
mesenteric,  v.  641 
sacral,  v.  640 
sternal,  v.  644 
Lymphatic  system,  v.  634 
definition,  v.  624 
development  of,  v.  657 
diseases  and  injuries  of,  v.  659 
general  structure  of,  in  man  and 

animals,  v.  636 
historical,  v.  625 
in  childhood,  ii.  831 
in  the  brain,  ii.  263 
methods  of  injecting,  v.  658 
topographfcal  anatom}^  of,  v.  636 
truncus  jugularis,  v.  631 
Lymphatic  trunks,  v,  645 
Lymphatic  vessels,  v.  634 
afferent,  v.  656 
ectal,  of  the  head,  face,  and  neck, 

V.  627 
efferent,  v.  656 
ental,   of    the    head,    face,    and 

neck,  V.  627 
in  cardiac  muscle,  vi.  30 
in  striated  muscles,  vi.  18 
in  unstriated  muscular  tissue,  vi. 

22 
meOiods  of  injecting,  v.  658 
of  the  abdomen,  v.  635 
of  the  adrenals,  v.  637 
of  the  arm  and  shoulder,  v.  631 
of  the  axilla,  vii,  209 
of  the  brain,  ii,  263  ■ 
of  the  bronchi,  v.  584,  644 
of  the  central  nervous  system,  \. 

629 
of  the  diaphragm,  v.  643 
of  the  ear,  v.  628 
of  the  external  ear,  v.  627 
of  the  external  genitals,  v.  635 
of  the  eye  and  orbit,  v.  628 
of  the  eyelids,  v.  637 
of  the  face,  v.  627 
of  the  foot,  V.  633 
of  the  hand,  v.  631 
of  the  heart,  v.  643 
■  of  the  internal  genitals  (female! 
V.  637 
of  the  internal  genitals  (male),  v. 

636 
of  the  intestine,  v.  637 
of  the  kidney,  v.  315 
of  the  larynx,  v.  410,  629 
of  the  leg  and  thigh,  v.  633 
of  the  liver,  v.  639 
of  the  lungs,  v.  584,  644 
of  the  mammary  gland,  ii.  470; 

V.  640 
of  the  meninges,  v.  629 
of    the    mouth,    pharynx,    and 

larynx,  v.  628 
of  the  neck,  v.  630 
of  the  nose,  v.  637;  vi.  106 
of  the  oesophagus,  v.  643 
of  the  pancreas,  v.  638 
of  the  pelvic  limb,  v.  633 
of  the  pelvic  and  abdominal  vis- 
cera, V.  636 
of  the  perineum,  v.  635 
of  the  pleura,  v.  ,585 
of  the  skin,  viii.  681 
of  the  spleen,  v.  638 
of  the  stomach,  v.  637 
of  the  tongue,  v.  639 


Lymphatic  vessels  of  the  tonsils, 
V.  629 
of  the  trachea,  v.  644 
of  the  thoracic  limb,  v.  631 
of  the  tliorax,  v.  641 
of  the  umbilical  cord,  viii.  5 
of  the   urinary  organs,   v.  635, 

637 
origin  of,  v.  651 
structure,  v.  655 
tumors  of,  i.  352 ;  and  see  Lymph- 
angioma 
valves,  V.  655 
Lymphatic  vessels,  diseases  of,. 
V.  664,  666 
injuries  to,  v.  666 
parasites  in,  vi.  501 
varices  of,  iii.  78 
Lymphatism,  vii.  446 
Lymphatolytic  serum,  viii.  539 
Lymphocytosis,  v.  493 

diagnostic  value  of,  v.  493 
Lymphoedema,  v.  666 
Lymphoid  cells   in    inflammation, 
V.  4 
tissue,  iii.  254;  v.  657 
Lymphoma,  v.  663 ;  vii.  36,  907 
classification,  v.  663 
malignant,  iv.  738;  vii.  36;  and 

see  Hodgkin's  disease 
of  the  eyelids,  iv.  107 
of  the  mediastinal  glands,  v.  730 
of  the  orbit,  iv.  115 
of  the  tonsil,  vii.  823 
Lymphomatosis,  iv.  738;  and  see 

Hodgkin's  disease 
Lymphorrhagia,  v.  666 
Lymphosarcoma,  ii.  643;  iv.  738; 
v.  663;  vii.  ii6,  907 
diiTerentiated    from    Hodgkin's 

disease,  iv.  731 
of  the  lachrymal  glands,  iv.  116 
of  the  mediastinal  glands,  v.  730' 
Lyra,  ii.  180 
Lysatin,  i.  68 
Lysatinin,  i.  68 
Lysidin,  v.  669 

bitartrate,  v.  669 
Lysin,  i.  68 
Lysins,  iv.  844 
Lysoform,  iv.  346;  v.  669 
Lysol,  V.  669 

poisoning  by,  v.  670 
Lysulfol,  V.  670 
Lytta  vesicatoria,  ii.  651 

Mace,  V.  670;  vi.  307 

Banda,  v.  670 
Macewen's  method  of  treatment  of 

inguinal  hernia,  iv.  675 
Machinery,  accidents  by,  to  pre- 
vent, vi.  330 
Macis,  V.  670 
Maclaya  cordata,  ii.  113 
Macrobasis  unicolor,  v.  165 
Macrobdella,  iv.  7U1 

decora,  iv.  703 
Macrocardius,  vii.  679 
Macrocheilia,  i.  353 
Macrodactylism,  iv.  498 
Macrogenesy,  viii.  458 
Macroglossia,  i.  353;  vii.  798 
Macromyelon,  ii.  154 
Macrophages,  vi.  578 
Macropodia,  see  Pes  gigas,  vi.  574 
Macrosomia,  vii.  672 
Macrostomia,  viii,  583 
Macrostomus,  vii.  701 
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JUacula  acustica,  i.  631 

lutea,  iv.  77 
Madder,  v.  670 
Tlladdox's  "glass-rod"  test,  iii 

492 ;  vi.  397 
Madeira,  v.  670 
Madruga  Springs,  v.  671 
Kadura  foot,  i.  101 
Jfflagendie,  foramen  of,  ii.  154 
Magendie's  solution,  v.  864 
Magistery  of  bismuth,  i.  761 
Magma  reticulars,  iii.  798 
Magnesia,  v.  672 

alba,  V.  672 

as  a  laxative,  v.  468 

as  an  antidote,  1.  878 

calcined,  v.  672 

creosote,  v.  673 

Ellis',  V.  672 

heavy,  v.  672 

Henry's,  v.  672 

Husband's,  v.  672 

hydrate  of,  v.  672 

light,  V.  672 

milk  of,  V.  672 

ponderosa,  v.  673 
.Magnesium,  v.  672 

carbonate,  v.  672 

antidotal  value  of,  i.  372 
as  a  laxative,  v.  468 

citrate,  v.  673 

creosotate,  v.  673 

hydrate,   antidotal  value  of,   1. 
373 

hydroxide,  v.  673 

ichthyolate,  v.  673 

in  urine,  viii.  56 

loretinates,  v.  673 

oxide,  V.  673 

phenol  sulphonate,  v.  673 

sulphate,  v.  673 

antidotal  value  of,  i.  373 

sulphophenate,  v.  673 
'Magnetic  method  of  hypnosis,  iv. 

813 
Magnetic  Mineral  Spring,  v.  673 
Magnetism,  animal,  see  Hypnosis, 

iv.  811 
-Magnets  for  the  removal  of  foreign 

bodies  in  the  eye,  iv.  104 
Magnification,  table  of,  ii.  70 
IMagnolia,  v.  674 

acuminata,  v.  674 

tripetala,  v.  674 

virginiana,  v.  674 
Magnolia  Spring,  v.  674 
Magnoliacese,  v.  674 
Magnolin,  v.  674 
-Mahan's  stretcher,  vi.  188 
Maidismus,  vi.  530 
Maine,    requirements    for    medical 

practice  in,  iv.  48 
Maisonneuve's  urethrotome,  viii. 

23 
-Maize,  toxic  effect  of,  see  Pellagra 
Maizenic  acid,  iii.  291 
Mai,  grand,  iii.  845 

petit,  iii.  845 
Malabathrum  leaves,  iii.  94 
.Malacosteon,  vi.  426 
Malakin,  v.  674 

.Malaria,  v.  674;  vi.  655;  and  see 
Malarial  fevers,  Plasmodium 
malarim 

among  troops,  ii.  581 ;  v.  813 

arsenic  for,  i.  533 

conditions  favoring   occurrence 
of,  vi.  655 


Malaria,    diagnosed    from    yellow 
fever,  viii.  595 

differential  diagnosis  of,  v.  535 

drowsiness  in,  iii.  560 

in  the  new-born,  vi.  378 

parasite    of,   vi.   657;    and   see 
Plasmodium  malarim 

Plasmodium  of,  vi.  655 

relation  of  mosquitoes  to,  v.  869 ; 
vi.  656 

treatment,  i.  377 

tropical,  v.  680 
Malarial  cachexia,  v.  680 
Malarial  diseases,  v.  674 
Malarial  fevers,    v.    674;  and  see 
Intermittent   fever,   Remittent 
fever 

Eestivo-autumnal,  v.  677 

classilication,  v.  674 

continued,  v.  677 

double  tertian,  v.  675 

intermittent,  v.  675 

masked  intermittent,  v.  677 

methylene  blue  for,  v.  783 

pernicious,  v.  679 

quartan,  v.  675 

quotidian,  v.  675 

relation  of  dengue  to,  iii.  403 

remittent,  v.  677 

tertian,  v.  675 

triple  quartan,  v.  675 
Malarial  pigment,  vi.  635 
Malarin,  v.  680 
Malassez's    artificial    capillary, 

ii.  41 
Malaxation,  v.  694 

in  treatment  of  aneurism,  i.  383 
Mai  de  los  pintos,  vi.  637 
Malformations,   vii.  668;   and  see 
Teratology 

by  defect,  vii.  695 

classification,  vii.  673 

due  to  agenesia,  i.  140 

frequency,  vii.  673 

hermaphroditic,  vii.  711 

in  insanity,  v.  51 

in  the  new-born,  v.  376 

of  the  abdomen,  vii.  703 

of  the  adrenals,  vii.  566 

of  the  brain,  vii.  698 

of  the  circulatory  organs,  vii.  706 

of  the  cornea,  iii.  389 

of  the  diaphragm,  vii.  703 

of  the  digestive  tract,  vii.  703 

of  the  external  auditory  canal, 
iii.  613 

of  the  extremities,  vii.  713 

of  the  eye,  vii.  699 

of  the  face  and  neck,  vii.  699 

of  the  heart,  vii.  706 

of  the  integument,  vii.  717 

of  the  larynx,  v.  419 

of  the  (Esophagus,  vi.  338 

of  the  omentum,  vi.  358 

of  the  pharynx,  vi.  600 

of  the  respiratory  tract,  vii.  705 

of  the  seminal  vesicles,  vii.  190 

of  the  sexual  organs,  vii.  710 

of  the  spleen,  vii.  705 

of  the  suprarenals,  vii.  705 

of  the  thorax  and  abdomen,  vii. 
703 

of  the  umbilicus,  viii.  6 

of  the  ureters,  viii.  11 

of  the  urogenital  organs,  vii.  707 

of  the  uterus,  viii.  73 

of  the  uvula,  viii.  109 

of  the  vagina,  viii.  183 


Malformations  of  the  vulva    viii 
160 
of  the  Wolffian  body,  viii.  580 
Malgaigne's     operation,     cheilo- 
plasty,  vi.  903 
for  harelip,  iv.  536 
Malic  acid,  v.  680 
Malignant    growths,    Dawbarn's 
operation  for,  v.  681 
extirpation  of  both  carotids  in, 

V.  681 
starvation  of,  v.  680 
Malignant  hemorrhagic  measles,  v. 
717 
jaundice,  see  Liver,  acute  yellow 

atrophy  oj 
leiomyoma,  vii.  35 
lymphoma,  vii.  36 
measles,  v.  717 
CEdema,  iv.  308 ;  vi.  610 ;  and  see 

Oangrene  {Surgical) 
ophthalmia,  vii.  591 
pustule,  i.  363 ;  and  see  Anthrax 
spinal  disease,  vii.  387 
tumors,  see   Tumors  and  Carci- 
noma 
karyokinesis,  evidence  of,  v. 
301 
uveitis,  vii.  591 
Malingering  among  soldiers,  ii.  632 

in  insanity,  v.  68 
Mallein,  iv.  353 

test  for  glanders,  iv.    353;  viii. 
233 
Malleo-incudal  joint,  iii.  586 
Malleoli,  fracture  of,  iv.  268 
Malleotomy  for  club-foot,  iv.  336 
Mallet  for   use  in  mastoid  opera- 
tions, V.  703 
Mallet  finger,  iv.  517 
Malleus,  i.  616;  iii.  584;  vi.  126 

removal  of,  iii.  672 
Mallez's    vesical    dynamometer, 

iii.  564 
Mallotus  philippinesis,  v.  300 
Malmagnatte,  v.  159 
Malpighian  bodies,  in  the  kidney, 
V.  310 
in  the  spleen,  vii.  417 
Malpractice,  v.  682;  viii.  617 
civil,  V.  682 
criminal,  v.  682 

suits  for,  following  dislocations, 
iii.  509 
Malt,  i.  169;  V.  683 

administration  of,  v.  685 
adulteration  of,  v.  684 
composition  of,  v.  683 
contraindications  to  use  of,  v. 

.684 
extract  of,  v.  684,  685 
incompatibles,  v.  684 
liquors  as  beverages  for  soldiers, 

V.  806 
manufacture  of,  v.  683 
physiological  action  of,  v.  684 
preparations,  v.  683 
tests  for  diastatic  activity,  v.  683 
therapeutics  of,  v.  685 
Malta  fever,  v.  685 

serum  diagnosis  in,  jii.  133 
Maltase,  an  enzyme,  iii.  843 
Malum  coxae,  v.  278 

senile,  v.  273 
Malva,  V.  686 
Malvaceae,  v.  686 
Mamma,  ii.  461 

abnormalities  of,  vii.  717 
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Mamma,  abscess  of,  ii.  474 
absence  of,  ii.  464,  471 
adeno-carcinoma  of,  i.  114 
adenoma  of,  i.  113 
amazia,  ii.  471 
arteries  of,  ii.  469 
at  puberty,  ii.  463 
carcinoma  of,  ii.  476,  630 
contusions  of,  ii.  473 
cystadenoma  of,  iii.  344 
cysts  of,  ii.  475 ;  iii.  351 
development  of,  ii.  461 
diseases  of,  ii.  471 

of  tlie  nipple,  ii.  473 
during  pregnancy,  ii.  464,  468; 

iv.  340,  344;  v.  381 
elephantiasis  of,  iii.  783 
embryology,  ii.  461 
enohoudroma  of,  ii.  476 
fibroma  of,  ii.  475 ;  iv.  155 
hypersesthcsia  of,  ii.  473 
hypertrophj'  of,  ii,  4.72 
inflammation  of,  ii.  474 
irritable,  ii.  473 
lipoma  of,  ii.  476 
lymphatics  of,  ii.  470;  v.  641 
melanosarcoma  of,  ii.  630 
myxoma  of,  vi.  89 
nerves  of,  ii.  470 
neuralgia  of,  ii.  473 
polymastia,  ii.  471 
rudimentary,  ii.  465 
sarcoma  of,  ii.  476,  643 
secretion  in  the,  ii.  471 ;  vii.  101 
supernumerarj',  ii.  465,  471 
tuberculosis  of,  ii.  474 
tumors  of,  ii.  475 
veins  of,  ii.  470 
wounds  of,  ii.  473 
Mammary  artery,  internal,  anom- 
alies of,  i.  529 
internal  lateral,  i.  529 
Mammary  glands,  ii.  461 ;  and  see 
31am  mi  I 
extract  of,  vi.  416 
specific  action  of,  v.  818 
Mammary  hillock,  ii.  463 
line,  ii.  461 
streak,  ii.  461 
Mammary  vein,  internal,  anoma- 
lies of,  viii.  202 
Man,  ancestry  of,  iv.  38 
evolution  of,  iv.  38 
growth  of,  iv.  417 
hsemolymph  glands  in,  iv.  469 
influence  of  climate  on,  iii.  146 
pigments  found  in,  iii.  324 
Manaca,  v.  686 
Manchineel,    poisonous   plant,    vi. 

699 
Manclaire  -  Gersuny     operation, 

viii.  36 
Mancona  bark,  vii,  43 
Mandarin,  iii.  137 
Mandioca,  vii.  638 
Mandragora   officinale,    poisonous, 
i.  610 
officiuarum,  vi.  690 
Mandrake,, vi,  688 

poisonous,  i.  610 
Manganese,  v.  686 

black  oxide  of,  v.  686 
dioxide  of,  v.  686 
permanganate,  v.  686 
poisoning  by  salts  of,  v.  687 
sulphate,  v,  686 
Manhattan    Artesian   Wells,   v. 
687 


Mania,  v.  138 

acute  delirious,    v.    79;  see  In- 
sanity, confusional 
chronic,  v.  138 
homicidal,  v.  188 
mitis,  V.  123 

of  dementia  prsecox,  v.  104 
reasoning,  v.  137;  and  see  Para- 

tioid 
subacute,  v.  123 
suicidal,  v.  133 
Mania  a  potu,  v.  88 
Manic-depressive    insanity,    see 

liisiinity,  manic-depressive 
Manihot,  vii.  638 
aipa,  vii.  638 
Glaziovii,  vii.  638 
utilissima,  vii.  638 
Manilla  and  the  Philippines,  v. 

688 
Manioca,  vii.  638 
Manitoba,  Winnipeg,  viii.  813 
Manitou  Springs,  v.  691 
Manna,  v.  692 
Alhagi,  V.  693 
Brian^on,  v.  698 
cake-,  V.  693 
flake-,  V.  693 
oak,  V.  693 
tamarisk,  v.  693 
Manna-ash,  v.  693 
Mannit,  v.  692 
Manometer,  iii.  98 
Mawle  sugar,  vii.  548 

adulteration  of,  iv.  182 
Maple  syrup,  adulteration  of,  iv. 

182 
Maracaibo  bark,  iii.  93 
Maranta,  i.  523 

arundinacea,  i.  533 
starch,  i.  532 
Marasmius,  iv.  284 
Marasmus,  viii.  573 
Marching,  v.  814 

hygiene  of,  v.  814,  815 
Mardela  Springs,  v.  693 
Marey's  sphygmograph,  vii.  383 
Marienbad,  v.  693 
Marie's  disease,  i.  86 
Marietta,  Ga.,  v.  693 
Marigold,  ii.  553 

Marine,  articles  of  Geneva  Conven- 
tion concerning,  iv.  739 
Marjoram,  sweet,  v.  379 
Mark  West  Springs,  v.  694 
Markasol,  v.  693 
Marlborough  system  of    sewage 

disposal,  vii.  138 
Marmorek's  media,  viii.  416 
Marriage,  capacity'  to  contract,  iii. 
129 
consanguineous,  iii.  356 

relatioii  to  deaf-mutism,  iii. 
359 
fecundity  of,  viii.  347 
notification  of,  viii,  347 
of  deaf-mutes,  iii.  867,  604 
of  insane  people,  v.  77 
Marrow,  ii.  117 
cells,  ii.  20 

red,    formation   of  erythrocytes 
in,  ii.  20 
Marrow-lymph   glands,   iv.  470; 

and  see  Hwmolymph  glands 
Marrubin,  iv.  736 
Marrubium,  iv.  786 
vulgare,  iv.  736 
Marsdenia  condurango,  iii.  336 


Marsh  gas,  i.  155 
Marshmallow,  v.  694 
Martha's  vineyard,  vi.  97 
Martin's  bouillon,  viii.  871 
filter,  viii.  383 

operation  for  saddle-nose,  vi.  134 
Maryland,  requirements  for  medi- 
cal practice  in,  iv.  48 
Masks  for  administering  auees- 

thetics,  iii.  13 
Masons'  lungs,  v.  594 
Mass,  V.  787 
blue,  V.  750 
of  copaiba,  iii.  378 
of  ferrous  carbonate,  v.  328 
of  mercury,  v.  750 
Massachusetts,   coroner  abolished 
in,  iv.  43 
history  of  yellow  fever  in,  viii, 

586 
inspection  and  analysis  of  foods 

and  drugs  in,  iv.  169 
laws  relating  to  adulteration  of 

foods  and  drugs  in,  iv.  168 
medical  examiner  in,  iv.  43 
requirements  for  medical  prac- 
tice in, iv.  48 
Massage,  v.  694 
a  friction,  v.  694 
diseases  benefited  by,  v.  697 
douche,  i.  161 
in  ear  diseases,  iii.  653 
in  fractures,  iv.  356 
in  intestinal  obstruction,  v.  173 
modes  oi.applying,  v.  694 
physiological  effects  of,  v.  696 
Massaneta  Springs,  v.  699 
Massasoit  Spring,  v.  699 
Massena  or  St.  Regis  Sprint,  v. 
699  5         i-       s, 

Masseter  muscle,  anomalies  of,  vi. 

43 
Mast-cell,  iii.  253 
Mastic,  V.  699 
Mastication,  v.  700 

anomalies  of  the  muscles  of,  vi. 
43 

effect  on  digestion,  v.  700 

function  of  "the  teeth  in,  vii.  650' 

mechanism  of,  v.  700 

muscles  of,  v.  700 
Masticatory,    see    Ctibebs,    Matico, 

Kara,  and  Pepper 
Mastiche,  v.  699 
Mastigodes  hominis,  vi.  316 
Mastigophora,  viii.  636 
Mastitis,  ii.  474 

gonococcal,  viii.  528 
Mastoid,  surgical  anatomy,  iii.  694 
Mastoid  antrum,  i.  616 ;  vii.  386 
Mastoid  cells,  i.  616 

indications  for  opening,  v.  701 

measurements  of,  viii.  240 
Mastoid  chisels,  v.  703 
Mastoid  disease  as  cause  of  head- 
ache, iv.  553 

difl'erentiated  from    intracranial 
abscess,  ii.  413 
Mastoid  gouges,  v.  703 
Mastoid  lymphatic  glands,  v.  680' 
Mastoid  operations,  v.  701 

indications  for,  v.  701 

preparation    of    patient    for,  v. 
703 

Schwartze-Stacke's,  v.  706 

Stacke's,  v.  709 

the  radical,  v.  706 

the  simple,  v.  708 
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Mastoid  process,  livpeiostosis  of, 
iii.  682 

osteosclerosis  of,  iii.  682 

syphilitic  affections  of,  iii.  682 

tenderness  over,  v.  701 
Mastoiditis,   complication  of  sup- 
purative otitis  media,  iii.  594 
Masturbation  and  insanity,  v.  S9 

cause  of  leucorrlioea,  v.  495 

signs  of,  vi.  849 
Mata's  modifloation  of  O'Dwyer's 

tube,  iv.  144 
Matches,     phosphorus     poisoning 

from,  vi.  622 
Matchless  Mineral  Wells,  v.  713 
Mate,  v.  713 
Maternal  impressions  a  cause  of 

deformity,  iv.  491 ;  vii.  672 
Mathews'  ■work  on  artificial  par- 
thenogenesis, vi.  516 
Mathieu's    apparatus    for  writer's 
cramp,  iv.  529 

dynamometer,  lil.  564 

rongeur  forceps,  v.  704 

tongue-holding  forceps,  iii.  12 
Matico,  V.  713 

camphor,  v.  714 
Mating,  iv.  34 

apolegamic,  iv.  34 

autogamic,  iv.  34 

endogamic,  iv.  34 

heterogamic,  iv.  34 

homogamlc,  iv.  34 

pangamic,  iv.  34 

random,  iv.  34 
Matricaria,  ii.  795 

Chamomilla,  ii.  795 
Matthews'  Hot  Springs,  see  Fer- 
ris Hot  Spi'ings 
Matzoon,  v.  830 

Maxilla,  diseases  and  injuries  of,  v. 
247 ;  see  also  Jmc/t 

dislocation  of,  iii.  512 

fracture  of,  v.  247,  252 
Maxillary  angle,  vii.  331 
Maxillary  artery,  internal,  anom- 
alies of,  i.  527 
Maxillary  sinus,  vi.  104;  vii.  233; 
and  see  Antrum  of  Highmore 

diseases  of,  vi.  146 

measurements  of,  viii.  240 

syphilitic  lesions  of,  vii.  623 
Maximum  occipital  point,  vii.  329 
May-apple,  vi.  688 
Maydl's   method  of  extirpating 

the  urinary  bladder,  viii.  36 
Mayor's  scarf,  iv.  359 
May-pop,  vi.  517 
Mazoum,  v.  830 ;  and  see  Matmon 
McBurney's  point,  i.  424,  426 
McCallister's    Soda    Springs,    v. 

714 
McCormac's  method  of  resection 

of  shoulder,  vi.  923 
McGraw's  ligature,  v.  181 
McKenzie  condenser,  iii.  662 
McKinnell's  circular  ventilator, 

iv.  757 
Meadow  safflron,  iii,  191 
Meal,  flaxseed,  v.  516 
Measles,  v.  714 

and  roetheln,  diagnosis,  vi.  998 

and  scarlatina,  diagnosis,  vi.  998 

and  smallpox,  diagnosis,  vii.  250 

atypical  course,  v.  717 

black,  V.  717 

blindness  in,  ii.  12 

clinical  history,  v.  714 


mamma, 
inedlclnes. 


Measles,  cold  in  treatment  of,  iii. 
194 

coexistence  with  other  eruptive 
fevei-s,  V.  719 

complications  of,  v.  718 

death  rate  in,  viii.  255 

decline,  v.  717 

definition,  v.  714 

diagnosis,  v.  718 

differential  diagnosis,  v.  718 

eruption,  v.  716 

etiology  of,  V.  720 

histoiy,  V.  714 

in  armies,  ii.  586 

incubation,  v.  714 

in  the  new-boi'n,  vi.  278 

invasion,  v.  715 

Koplik's  sign,  v.  715 

malignant,  v.  717 

hemorrhagic,  v.  717 

morbid  anatomy  of,  v.  721 

pharyngitis  in,  vi.  593 

prognosis,  v.  733 

prophylaxis,  ii.  587;  v.  733,  814 

reinfections,  v.  720 

relapses,  v.  730 

relation  to  scarlatina,  vi.  997 

sequelae,  v.  730 

synonyms,  v.  714 

treatment,  v.  723 

without  catarrh,  v.  717 
eruption,  v.  717 
Measles,  German,  see  Boetheln 
Measurements  of  hollow  viscera, 

viii.  238 
Measures,  viii.  294 

metric  system  of,  viii.  399 
Measuring,  viii.  300 

machines  for  recording  scoliosis, 
V.  463 
Meat  as  food  for  invalids,  iii.  453 

digestibility  of,  iii.  453 

for  soldiers,  v.  799 

poisonous,  iv.  185 
Meat-fly,  v.  1.54 
Meat  inspection,  v.  733 
Meatoscopy,  ureteral,  viii.  705 
Meatotomy,  viii.  23 
Meatus,  external  auditory,  1.  615 

absence  of,  iii.  631 

double,  iii.  613 

fungous  growths  in,  iii.  639 
Mechanical  causes  of  chloasma,  ii. 
836  _ 

stage,  ii.  66 
Meconic  acid,  vi.  385,  386 

tests  for,  vi.  391 
Meconin,  vi.  385 
Meconium  (opium),  vi.  383 
Meconoisin,  vi.  385 
Media,     nutrient,    preparation     of, 
viii.  408 

standardization  of,  viii.  418 
Median  artery,  i.  530 
Median  nerve,  i.  453 

injuries  of,  i.  472 

paralysis  of,  i.  471 
Mediastinal  glands,  v.  644 

diseases  of,  v.  729 

lymphadenoma  of,  v.  730 

lymphoma  of,  v.  730 

lymphosarcoma  of,  v.  780 

tumors  of,  v.  730 
Mediastinitis,  v.  732;  vii.  756 
Mediastinum,  vii.  749 

abscess  of,  v.  732 

anterior,  v.  727 

dermoid  cysts  of,  v.  730 


Mediastinum,    diseases  of  the    v 
737;  vii.  756 

inflammation  of,  v.  733;  vii.  7,56 

lymphatics  of,  v.  644 

posterior,  v.  727 

syphilis  of,  v.  732 

tumors  of,  v.  730;  vii.  756 
Medical  corps,  naval,  vi.  185 
Medical  degrees,   length   of    pro- 
fessional courses  necessary  for, 
iv.  46 

necessary  preliminary  education 
for,  iv.  46 

power  to  confer,  iv.  46. 
Medical  evidence,  expert,  iv.  52 

examiner,  iv.  43 

inspection  of  schools,  vii.  72 
Medical  Lake,  v.  732 
Medical  offi.cer,  army,  duties  of,  v. 
792 

for  examining  of  recruits,  vl.  846 
Medical  sects,  iv.  47 
Medical  service,  army,  i.  493 

naval,  vi.  185 
Medical  societies,  Influence  of,  in 

raising  medical  education,  iv.  40 
Medical  Springs,  Medical  Lake, 

Washington,  v.  732 
Medicating  by  direct   application, 
V.  733 

by  fumigation,  v.  735 

by  inunction,  v.  735 

by  the  skin,  v.  733,  735 

endermatic,  v.  755 

hypodermatic,  v.  735 

in  childhood,  iii.  551 

intravenous,  v.  735 

modes  of,  v.  732 

of  mucous  membranes,  v.  733 

of  the  bladder  and  urethra,  v. 
733 

of  the  conjunctiva,  v.  733 

of  the  Eustachian  tube  and  mid- 
dle ear,  v.  733 

of  the  larynx,  v.  733 

of  the  mouth  and  pharynx,  v. 
733 

of  the  nasal  cavity,  v.  733 

of  the  respiratory  mucous  mem- 
brane, V.  733 

of  the  stomach  and  intestines,  v. 
734 

of  the  vagina  and  uterus,  v.  734 

rectal,  v.  735 

subcutaneous,  v.  735 

through  the  avenue  of  the  blood, 
V.  734 
Medicerebral  artery,  ii.  352 
Medichoroid  artery,  ii.  254 
Medicinal  incompatibility,  iv.  853 
Medicinal    Springs,    see   Mineral 

api'ings 
Medicinerea,  ii.  183 
Medicines,  dosage  of,  iii.  550 
Medicines,  forms  of,  v.  735 

abstract,  v.  735 

acetum,  v.  740 

aqua,  v.  740 

bolus,  V.  735 

bougie,  V.  735 

capsules,  v.  738 

cataplasma,  v.  738 

cerate,  v.  735 

charta,  v.  737 

confection,  v.  735 

decoction,  v.  735 

disc,  V.  736 

elixir,  v.  736 
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Xledicliies,  emplastrum,  v.  738 

Meissner's  plexus,  v.  187 

Membranous  necrosis,  vi.  203 

emulsion,  v.  736 

Mel,  iv.  733 

Memory,   affected    in   insanity,    v. 

extract,  v.  736 

despumatum,  iv.  783 

47 

fluid  extract,  v.  736 

rosfB,  iv.  733 

loss  of,  iii.  261 

glycerite,  v.  736 

Melsena  neonatorum,  vi.  280 ;  and 

Meniere's  disease,  viii.  234 

honey,  v.  736 

see  Hmniophilia 

Meningeal  arteries,  laceration  of,. 

infusion,  v.  736 

Melalontha,  vi.  325 

post-mortem  appearances,  i.  669 

juice,  V.  736 

Melancholia,  v.  117 

Meningeal  hemorrhage,  vii.  353 

liniment,  v.  737 

delusions  in,  v.  118 

Meninges,  ii.  209 

liquor,  v.  738 

etiology,  v.  118 

iiernia  of,  ii.  333 

mass,  V.  737 

involution,  v.  118 

lymphatics  of,  v.  639 

mel,  V.  736 

of  dementia  precox,  v.  104 

Meningitis,    acute    cerebro-spinal, 

mixture,  v.  737 

pathological  anatomy,  v.  118 

vii.  339 

mucilage,  v.  737 

prognosis,  v.  120 

acute  external,  vii.  333 

ointment,  v.  737 

treatment,  v.  120 

acute  spinal,  vii.  339 

oleate,  v.  737 

Melanin,  iii.  223;  vi.  634;  and  see 

bacteriology,  vii.  339 

oleoresiu,  v.  737 

Coloring  matters,  animal 

diagnosis,  vii.  331 

paper,  v.  737 

deposit,  iii.  397 

prognosis,  vii.  331 

pills,  V.  737 

infarct,  iv.  868 

sequelce,  vii.  331 

plaster,  v.  738 

in  the  urine,  viii.  51 

symptoms,  vii.  380 

poultice,  V.  738 

Melanins,    animal    pigments,     iii. 

treatment,  vii.  331 

powder,  v.  738 

223 

and  intracranial  abscess,  differ- 

resin, v.  738 

Melanocancroid  of  the  conjunc- 

ential diagnosis,  ii.  413 

solution,  V.  738 

tiva,  iv.  109 

basilar,  ii.  431 

spirit,  V.  738 

Melanolestes  abdominalis,  v.  161 

causing  paraplegia,  vi.  498 

succus,  V.  736 

picipes,  V.  161 

cerebrospinal,  cold  in,  iii.  195 

suppository,  v.  739 

Melanoma,  vii.  37,  907 

chronic    basal,    diagnosed   from 

syrup,  V.  739 

of  the  Iris,  iv.  110 

brain  tumor,  ii.  449 

tablet,  V.  739 

Melanoplus  differentialis,  v.  165 

chronic  spinal,  vii.  335 

tincture,  v.  739 

Melanosarcoma,  vii.  37 

epidemic  cerebrospinal,  vii.  339 

tinctures  of  fresh  herbs,  v.  739 

of  the  cornea,  iii.  291 

gonorrhoeal,  viii.  537 

trituration,  v.  739 

of  the  parotid  gland,  vi.  511 

granular,  ii.  431 

troche,  v.  739 

Melanosis,   see    Addison's   disease, 

in  the  new-born,  vi.  378 

unguentum,  v.  737 

and  Sarcoma 

operation  for,  v.  709,  710 

vinegar,  v.  745 

oculi,  V.  218 

purulent,  iv.  563 

vinum,  v.  740 

Melanotic  sarcoma,   ii.    644;    vii. 

simple,  ii.  390 

wafers,  v.  738 

37 

Kernig's  sign,  i.  394 

water,  v.  740 

Melasma  suprarenale,  i.  106 

leptomeningitis,  ii.  893 

wine,  V.  74Q 

Melia  A.zedarach,  i.  675 

lumbar  puncture  in,  ii.  894 

Mediocommissure,  ii.  166 

indica,  i.  676 

pachymeningitis     cervicalis 

Sledicomu,  ii.  173 

Melilot,  iii.  149 

hypertropbica,  ii.  393 

Medicornual  vein,  ii.  257 

Melilotus,  iii.  149 

pachymeningitis  externa,  ii. 

Medidural  artery,  ii.  249 

altissimus,  iii.  149 

391 

veins,  ii.  255 

officinalis,  iii.  149 

pachymeningitis  interna,  ii. 

Sledifrontal  fissure,  ii.  193 

Melinite,  vii.  910 

391 

gyre,  ii.  193 

Melissa,  i.  724 

syphilitic,  vii.  835 

Medibptic  artery,  ii.  254 

officinalis,  i.  724 

traumatic,  post-mortem  appear- 

Hedio-tarsal amputation,  i.  257 

Melituria,  see  Qlycosuria 

ances,  i.  669 

Slediparietal  artery,  ii.  253 

Melizitase,  an  enzyme,  iii.  843 

tuberculous,    ii.    481;    vii.  833, 

Mediterranean  fever,  v.  685 

Meloe,  ii.  653 

901 

Medulla  oblongata,  ii.  154 

Meloidse,  v.  165 

blood  in,  ii.  435 

development  of,  ii.  280 

Melon-seed  bodies,  vi.  974 

definition,  ii.  431 

diseases  of,  see  Pons  and  medulla, 

Melrose  Spring,  v.  740 

diagnosis,  ii.  434 

diseases  of 

Membrana  pellucida,  vi.  451 

etiology,  ii.  433 

lesions  of,  a  cause  of  hemiplegia, 

propria,  iii.  854 

general  observations,  ii.  433 

iv.  633 

pupillaris  perseverans,  v.  216 

in  the  adult,  ii.  434 

diagnosis  of,  ii.  287 

tympani,  i.  616;  iii.  583 

morbid  anatomy,  ii.  433 

nerve  centres  in,  ii.  291 

Membranes,   anterior   limiting,   of 

prognosis,  ii.  485 

tumors  of,  ii.  443 

the  eye,  iv.  71 

symptoms,  ii.  488 

diagnosis  of,  ii.  448 

basal,  iii.  854 

treatment,  ii.  435 

Medulla  of  bone,  ii.  117 

basilar,  i.  633 

Meningocele,  ii.  333,  411 ;  vii.  289 

of  hair,  viii.  560 

Bowman's,  iv.  71 

diagnosis,  ii.  411 
of  the  orbit,  vi.  405 

Medullary  cords,  vi.  449 

Bruch's,  iv.  73 

Medullary  narcosis  in  obstetrics, 

cricothyroid,  v.  408 

pseudo-,  ii.  337 

V.  388 

cuticular,  iii.  854 

spinal,  vii.  387 
treatment,  ii.  336,  411 

Medullary  plate,  ii.  268 

Demour's,  iv.  71 

Megalophthalmos,  cornea  of,  iii. 
2H9 

Descemet's,  iv.  71 
Duddell's,  iv.  71 

Meningococcus,  bacteriology  of,  1. 
709 

Meg-alosporon,  vii.  783 

hyaloid,  viii.  265 

pathogenesis  of,  i.  709 

ectothrix  of  scalp,  vii.  782 

posterior  limiting,  of  the  eye,  iv. 

Meningo-encephalitis,      tubercu- 

endothrix of  scalp,  vii.  782 
Megastoma  entericuni,  viii.  536 

71 
Reissner's,  i.  621 

lous,  diagnosed  from  brain  tumor, 
ii.  449 

intestinale,  viii.  536 
Meibomian   glands,  iv.  117;  viii. 

reticulate,  i.  633 
Ruysch's,  iv.  73 

Meningo-encephalocele,  kyphosis 

in,  V.  377 

559 

Shrapnell's.  i.  616  * 

MenispermacesB,  v.  859 

Meissel's   test  for    boric    acid  in 

tectorial,  i.  633 

Menispermum,  v.  859 

milk,  V.  840 

tympanic,  i.  616 

can  ad  en  se,  v.  859 

Meissner's  corpuscles,  viii.  560 

vitelline,  vi.  448 

cocculus,  iii.  162 ;  vi.  633 

838 
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Menopause,  ii.   798;  see  Change  of 
life,  and  Insanity,  climacteric, 
V.  116 
as  a  factor  in  insanity,  v.  31 
cyst  formation  at,  iii.  351 
menorrliagia  prior  to  or  during, 

V.  740 
symptoms  of,  v.  744 
Menorrhagia,  v.  740 
Menses,  cessation  of,  at  the  meno- 
pause, ii.  799 
excessive,  at  the  menopause,  ii. 
799 
Menses,  retention  of  the,  v.  741 
causes,  v.  743 
clinical  historj',  v.  743 
treatment,  v.  742 
Menstrual  blood,  ii.  87,  83 
Menstrual  flow,  v.  744 
cessation  ot,  v.  744 
character  of,  v.  744 
duration  of,  v.  744 
quantity  of,  v.  744 
Menstruation,  v.  743 
cessation  of,  v.  744 
character  of,  v.  744 
disorders    of,   see    Amenorrhcea, 

Dysmenorrlum 
duration  of  period,  v.  744 
effect  of  cold  during,  iii.  38 
excessive,  v.  740 
first  appearance  of,  v.  744 
influence   of    castration    on,  ii. 

713 
in  metritis,  v.  785 
physiology  of,  v.  744 
quantity  of  discharge,  v.  744 
relation  to  lactation,  v.  745 

to  ovulation,  v.  743 
stages  of,  V.  743 
symptoms  of,  v.  744 
theory  of,  v.  743 
uterus  during,  v.  743 
vicarious,  v.  740 
Mental  activity,  effect  on  metabol- 
ism, V.  771 
Mental  condition  in  hysteria,  iv. 

833 
Mental  degeneration  in  dementia 
paralytica  and  dementia  praecox, 
V.  105 
Mental     development,    in    child- 
hood, ii.  833 
in  infancy,  iv.  858 
Mental   diseases,    classiflcation, 
V.  35 
Kraepelin's,  v.  37 
Mental  disturbances,  during  preg- 
nancy, iv.  347 
surgical  relief  of,  ii.  435 
Mental  factors  in  paresis,  v.  87 
Mental  phenomena  at  the  meno- 
pause, ii.  800 
Mental  tubercle,  vii.  339 
Mentality,  subconscious,  iv.  811 

subliminal,  iv.  811 
Mentha  arvensis,  v.  745 
glabrata,  v.  745 
piperascens,  v.  745 
piperita,  vi.  553 
pulegioides,  vi.  550 
pulegium,  vi.  550 
spicata,  vii.  363 
viridis,  vii.  363 
Menthiodol,  v.  745 
Menthol,  v.  745 
Japanese,  v.  745 
valerianate,  viii.  181 


Menthol-iodol,  v.  74.') 
Menthophenol,  v.  745 
Mento-hyoid  muscle,  vi.  46 
Mentone,  France,  v.  745 
Menyanthes,  ii.  514 

trifoliata,  ii.  514 
Menyanthin,  ii.  514 
Menyanthol,  ii.  514 
Meralgia  paraesthetica,  vi.  247 
Meran,  v.  748 
Merchandise  a  means  of  spreading 

cholera,  viii.  358 
Mercier's  coude  catheter,  ii.  743 

invaginated  catheter,  ii.  746 
Mercur-ammonium    chloride,    v. 
755 

poisoning  by,  v.  758 
Mercurial  eczema,  iii.  434 
Mercurial  ointment,  v.  750 
.   eruptions  following,  iii.  434 

plaster,  v.  751 
Mercurial  poisoning,   incipient, 

symptoms  of,  v.  749 
Mercurialis,  see  Eiiphorbiacece 
Mercurialization,  v.  749 

constitutional,  v.  756 
Mercuric  benzoate,  v.  755 

bromide,  v.  755 

chloride,  v.    753;  see  also  Mer- 
cury, bichloride  of 

cyanide,  iii.  340;  v.  754 

formidate,  v.  755 

iodide,  v.  754 

nitrate,  v.  754 

oleate,  v.  755 

oxide,  V.  753 

salicylate,  v.  755 

subsulphflte,  v.  754 

sulphate,  basic,  v.  754 

sulphide,  v.  756 
Mercurio  vegetal,  v.  686 
Mercurous  bromide,  v.  755 

chloride,   v.   751 ;   see  also  Mer- 
cury, mild  chloride  of 

iodide,  v.  753 

oxide,  V.  755 

sulphide,  v.  756 

tannate,  v.  755 
Mercury,  v.  749 

absorption  and  elimination  of,  v. 
758 

acid  nitrate  of,  v.  754 

caustic  action  of,  ii.  757 

acute  poisoning  by,  v.  758 

alanate  of,  v.  755 

albuminate  of,  iv.  334 

amidopropionate  of,  v.  755 

ammoniated,  v.  755 

antidotes  to,  v.  760 

asparaginate,  v.  755 

bichloride  of,  v.  753 

as  an  antiseptic,  i.  384 
as  a  disinfectant,  i.  687 
germicidal  action  of,  iii.  503; 
iv.  334 

biniodide  of,  v.  754 

black  oxide  of,  v.  755 
sulphide,  v.  756 

chronic  poisoning  by,  v.  759 

clinical  tests  for,  v.  760 

compounds  of,  v.  750 

corrosive  chloride  of,  v.  753 

cyanide  of,  iii.  340 ;  v.  755 

effect  oi  foetiis,  vi.  379 
on  workers  in,  vi.  335 

eruption  caused  by,  iii.  434 

fatal  quantity,  v.  757 

fulminate  of,  vii.  911 


Medicines. 
Mesqult  gum. 


Mercury,    general    therapeutics  of 
compounds  of,  v,  756 

green  iodide  of,  v.  753 

hypodermatic  use  of,  iv.  831 

imido-succinate,  v.  755 

In  the  treatment  of  digestive  dis- 
orders, V.  756 
of  skin  diseases,  v.  756 
of  syphilis,  v.  756 

intravenous  injection  of,  v.  194 

inunctions  with,  v.  735,  756 

mass  of,  V.  750 

medicinal     properties    of    com- 
pounds of,  V.  749 

metallic,  v.  750;  vi.  813 

in  intestinal  obstruction,  v. 
173 

mild  chloride  of,  v.  751 ;  see  also 
Caloriul 

oleate  of,  v.  755 

perchloride  of,  v.  753 

periodide  of,  v.  754 

poisoning  by,  v.  756 

protochloride  of,  v.  751 

protoiodide  of,  v.  752 

pyroborate,  v.  755 

red  iodide  of,  v.  754 

red  oxide  of,  v.  753 

red  sulphide  of,  v.  756 

sozoiodol,  V.  755 

stearate  of,  v.  755 

subchloride  of,  v.  751 

subiodide  of,  v.  753 

succinimide,  v.  755 

tannate  of,  v.  755 

uncombined,  iv.  750 

with  chalk,  v.  750 

yellow  iodides,  v.  753 
oxide  of,  V.  753 
subsulphate  of,  v.  754 
Mercury  (=  Poison  ivy),  v.  339 
Mercury-zinc  cyanide,  v.  755 
Merorachischisis,  vii.  695 
Merriam  pack,  v.  798 
Merycism,  vii.  503 
Merz  reduction  apparatus,  vi.  880 
Mesamseboids,  iv.  337 
Mesarteritis,  syphilitic,  ii.  107 
Mescal  (or  muscale)  buttons,  v. 

761 
Mescaline,  v.  761 
Mesencephal,  ii.  163;  see  Brain 
Mesencephalon,  ii.  168;  see  Brain 

development  of,'ii.  379 
Mesenchyma,  iii.  351 ;  iv.  337 ;  v. 

761 
Mesenteric      lymphatic    glands 

and  plexus,  v.  641 
Mesenteric  plexus,  vii.  578 
Mesentery,  i.  16 

absence  of,  in  embryos,  iii.  181 

diagnosis  of  tumors  of,  v.  339 

injuries  to,  i.  19 
Mesmerism,  i.  648;  iv.  811 
Mesoblast,  v.  761 

organs  derived  from,  iv.  337 
Mesocele,  ii.  137 
Mesoderm,  i.  443;  v.  761 

organs  derived  from,  iv.  337 
Mesodermal  cysts,  vii.  731 
Mesogonimus  heterophyes,  vii.  870 

Westermanni,  vii.  867 
Mesometritis,  v.  783 
Mesophoerum  (hyptis),  v.  379 
Mesotan,  viii.  576 
Mesothelium,  iii.  856:  iv.  337;  v. 

763 
Mesquit  gum,  iv.  437 
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Metabolism,  i.  757;  ii.  763;  v.  762 
disturbances  of,  v.  773 
effect  of  disease  on,  v.  771 
of  exercise  on,  v.  770 
of  mental  activity  on,  v.  771 
of  non-nitrogenous  diet  on, 

V.  770 
of  proteid  diet  on,  v.  769 
in  neurastlienics,  vi.  351 
in  psychoses,  v.  39 
of  nerves,  vi.  231 
relation  of  lymph  to,  v.  620 
Metacarpal  bones,  dislocation  of, 
lii.  523;  iv.  512 
fracture  of,  iv.  263 
Metacarpo-plialaiig'eal  joint,  dis- 
eases of,  treatment,  v.  289 
resection  of,  vi.  912 
Metacele,  ii.  154 
Metacetone,  iii.  467 
Metachloral,  v.  776 
Metachromatic  bodies,  i.  681 
Metacopaivic  acid,  iii.  278 
Metaeresol-anytol,  1.  406;  v.  776 
Metacresol  cinnamic  ester,  v.  776 
Metallic  mercury,  v.  750 

poisoning  by,  v.  757 
Metallic  salts    as  deodorants,  lii. 

411 
Metallic    splints,    perforated,   iii. 

557 
Metallic  tinkle,  ii.  819 
Metals  as  cause  of  food  poison,  iv. 

184 
Metam.erisin,  vii.  105 
Metaphases,  ii.  764 
Metaplasia,  v.  776 
adipose,  v.  777 
cartilaginous,  v.  777 
epithelial,  v.  776,  777 
fatty,  V.  777 
fibrous,  V.  777 
lymphoid,  v.  777 
muscular,  v.  777 
myxomatous,  v.  777 
osseous,  V.  777 
pathological,  v.  776 
physiological,  v.  776 
Metapore  =  foramen  of  Magen- 

die,  ii.  154 
Metasol,  v.  776 
Metastasis,  v.  777 

classiflcatiou,  v.  778 
crossed,  v.  778 
direct,  v.  778 
hematogenous,  v.  778 
implantation,  v.  778 
in  carcinoma,  ii.  675 
incorrect  uses  of  term,  v.  778 
lymphogenous,  v.  778 
of  animal  and   vegetable  para- 
sites, V.  779 
of  tumors,  v.  779;  vii.  904 
paradoxical,  v.  778 
retrograde,  v.  778 
transplantation,  v.  778 
Metastrongylus    paradoxus,    vi, 

219 
Metatarsal  arch,  vceakness  of  ante- 
rior, iv.  211;  a.nd  see  Meti/fi.irsalffia, 
anterior 
Metatarsal  bones,  dislocation  of, 
iii.  530 
fracture  of,  iv.  269 
Metatarsalgia,  anterior,  iv.  211 
etiology,  iv.  311 
pathology,  iv.  212 
treatment,  iv.  212 

840 


Metatarso-phalangeal    articula- 
tions, diseases  of,  v.  275 
Metatarsus,    amputation    through 

the,  i.  355 
Metatela,  ii.  139 

Metencephal,  ii.  154;  and  see  Brain 
Metencephalon,   ii.    154;   and  see 

Brniii 
Methacetin,  v.  780 

relation  to  phenacetin,  vi.  606 
Methsemoglobin,  ii.  29 

formation   of,   in   the  blood,  in 

poisoning  by  chlorates,  iii.  3 
in  the  urine,  viii.  32 
Methenyl-anisidine,  v.  780 
Methenyl  -  d  i  -  para  -  phenetidin, 

V.  780 
Methol,  V.  780 
Methonal,  v.  780 
Methoxy-acet-para  -  phenetidin, 

V.  877 
Methoxy-cafFeine,  v.  780 
Methyl-acetanilid,  iv.  41 
Methyl  alcohol,  v.  780 
poisoning  by,  v.  781 
Methylamin,  ptomai'n,  vi.  784 
Methyl-chloride,  v.  781 
Methyl-chloroform,  v.  781 
Methyl-iodide,  v.  781 
Methyl-loretin,  v.  781 
Methyl-oxide,  v.  781 
Methyl-phenacetin,  v.  781 
Methyl-phosphin,  v.  781 
Methyl  salicylate,  vii.  9 
Methyl  violet,  vi.  817 
Methyl-glyoxalidin,  see  Lysidin, 

V.  669 
Methyl-guanidin,  ptomai'n,  vi.  786 
Methyl-pelletierine,  vi.  733 
Methy  1-protocatechuic      alde- 
hyde, viii.  182 
Methyl-pyridin  sulfocyanate,  v. 

781 
Methyl-pyrocatechin,  iv.  423 
Methyl-salicylate,  vii,  9 
Methy  1-salol,  v.  781 
Methyl-uramin,  ptoma'm,  vi.  786 
Methy  1-urethane,  v.  782 
Methylene  bichloride,  v.  782 

as  an  anaesthetic,  i.  292 
Methylene  blue,  v.  782 
Methylene  chloride,  v.  783 
Methylene-dicotoin,  iv.  347 
Methylene  di-tannin,  vii.  637 
Methylene  ether,  vi.  638 
Methylenic  chloride,  v.  782 
Methylic  ether,  v.  781 
Methysticin,  v.  301 
Methysticum,  v,  301 
excelsum,  v.  301 
methysticum,  v.  301 
Metre,  viii.  398 
Metre  angle,  i.  583 
Metric  system  of  weights    and 

measures,  viii.  398 
Metritis,  v.  783 

acute  puerperal,  v.  783 

septic     (non-puerperal),    v. 
783 
desiccans,  v.  783 
diagnosis,  v.  785 
etiology,  v.  783 
hysterica,  v.  783 
interstitial,  v.  783 
parenchymatoiis,  v.  783 
pathology,  v.  784 
prophylaxis,  v.  785 
symptomatology,  v.  784 


Metritis,  treatment,  v.  785 

varieties,  v.  783 
Metrology,  principles  of,  viii.  395 
relation  of,  to  arithmetical  nota- 
tion, viii.  295 
Metropium  linnea,  vi.  698 

venosum,  vi.  698 
Metrorrhagia,  v.  786 
Mexican  tea,  viii.  315 
Mexico,  V.  787 

history  of  yellovs^  fever  in,  viii. 

585 
Pharmacopoeia  in,  vi.  585 
Meyer's  mixture,  anaesthetic,  i.  293 
Mezereon,  v.  790 
Mezereum,  v.  790 

resin,  v.  790 
Michigan  method  of  artificial  res- 
piration, i.  561 
Michigan,  requirements  for  medical 

practice  in,  iv.  48 
Micrencephalus,  vii.  698 
Microbrachius,  vii.  714 
Microbrenner,  iv.  809 
Microcardius,  vii.  679 
Microcephalus,   ii.   338;  vii.    698; 

and  see  Idiocy,  microceplMlic 
Microcheiria,  iv.  498 
Microcidin,  v.  790 
Micrococcus,  i.  680 

gonorrhoeae,  i.  709 
Microdactylism,  iv.  498 
Microgpiathus,  vii.  701 
Micromazia,  ii.  464 
Micromelus,  vii.  714 
Micrometer,  eye-piece,  ii.  70 
Micro-organisms,  i.  679;  and  see 
Bacilli  and  Bacteria 
in  building  materials,  iv.  751 
pathogenic,  iv.  751 
Microphages,  vi.  578 
Microphotography,  vi.  636 
Microphthalmos,  cornea  of,  iii.  389 
Microphthalmus,  vii.  699 
Microphyle,  vi.  448 
Micropus,  vii.  714 
Micropyle,  iv.  848;  vi.  448 
Microscope  in   photomicrography, 

vi.  638 
Microsomes,  ii.  761 
Microsomia,  vii.  ()73;  viii.  474 
Microsporon,  vii.  783 
furfur,  i.  721 ;  vii.  783 
minutissimum,  cause  of  erythraa- 
ma,  iv.  10 
Microstomia,  viii.  583 
Microstomus,  \ii.  701 
Microtomes,  iv.  712,  714 
Micturition,  abnormal,  i.  776 

changes  in  stream,  during,  viiL 

578 
difficult,  i.  777 
delayed,  i.  777 
diminished  stream,   viii.  577 
disorders  of,  viii.  576 
dribbling,  viii.  576 
frequency,  viii.  576 
hesitating,  viii.  578 
infrequent,  1.   777 
interrupted,  i.  777 
mechanism  of,  iii.  839 
painful,  i.  777;  viii.  576 
retarded,  i.  777 
retention,  viii.  578 
uncontrollable,  i.  777 
urgency,  viii.  576 
.Middle   ear,  medication   of  the,  v. 
733 
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Kiddle-ear  pipette,  iii.  653 
SEiddletown  Mineral  Springs,  v. 

790 
Hidge,  Columbacz,  v.  164 
Mid-parent,  iv.  642 
Midshipman's  'butter,  i.  191 
Midway  Warm  Springs,  v.  791 
Midwives,  registration  of,  iv.  47 
Migor,  ii.  838 
Migraine,  iv.  550 
blindness  in,  ii.  13 
course  and  duration,  iv.  550 
diagnosis,  iv.  550 
etiology,  iv.  550 
ophthalmic,  iv,  550 
pathology,  iv.  551 
symptoms,  iv.  550 
treatment,  iv.  551 
Migrainine,  v.  791 
Mikania,  iv.  433 
Milfoil,  viil.  318 
Milia  of  eyelids,  iv.  118 
Miliaria,  v.  791 
alba,  V.  791 
papulosa,  V.  791 
rubra,  v.  791 
vesiculosa,  v.  791 
Military  biscuit,  v.  801 
Military  hygiene,  v.  793 

avoidable  camp  diseases,  v.  813 
bathing,  v.  816 
beverages,  v.  804 
clothing,  V.  793 
food,  V.  798 

general  considerations,  v.  817 
guard  duty,  v.  815 
gymnastics,  v.  817 
habitations,  v.  807 
kitchens,  v.  813 
latrines,  v.  813 
marching,  v.  814 
setting  up,  v.  815 
weights  to  be  carried,  v.  797 
Military  rations,  v.  799 
Military  science,  diseases  depend- 
ent on,  ii.  631 
Milium,  V.  818 

colloid,  iii.  300 
Milk,  V.  818 

action  of  rennin  upon,  vi.  893 

adulteration  of,  iv.  183;  v.  838 

analysis  of,  v.  836 

anomalies  of,  v.  823 

as  a  cause  of  disease,  v.  833 

as  a  food  for  invalids^  iii.  451  _  _ 

as  a  medium  for  bacteria,  viii. 

377 
as  an  antidote,  i.  371 
asses',  V.  825 
blue,  V.  823,  833 
brown,  v.  833 
butter,  v.  823 
care  of,  v.  843 
certified,  v.  843 
chemical  composition  of,  iii.  451 

preservatives  of,  v.  839 
coagulation  of,  iii.  151 
coloring  matter  in,  detection  of, 

V.  84-0 
colostral,  as  cause  of  disease,  v. 

833 
condensed,  iv.  866;  v.  839 

adulteration  of,  iv.  180 
cow's,  V.  819 

compared  with  human,  iv. 
862 
curdling  of,  iii.  135 
detection  of  substances  in,  v.  840 


Milk,  diseases  conveyed  b}',  v.  883 
drugs  eliminated  in,  v.  818 
e.xamination  of,  in  the  selection 

of  a  wet-nurse,  viii.  305 
fermentation  in,  v.  833 
foods  e,\'creted  by,  v.  818 

modifying,  v.  818 
foreign  bodies  in,  iii.  543 
fortified,  iii.  453 
formula,  Meigs',  v.  830 
goat's,  V.  825 
green,  v.  833 
human,  v.  834 

analysis  of,  ii.  471 ;  iv.  862 
compared    with    cows',   iii. 

152;  iv.  863 
quantity,  ii.  471 
quantity,  to  decrease,  v.  825 
quantity,  to  increase,  v.  825 
secretion  of,  ii.  471 
injurious,  from  diseased  animals, 

V.  835 
in  relation  to  public  health,  v. 

833 
inspection  of,  v.  839 
laboratories,  iv,  864;  v.  833 
mare's,  v.  825 
objectionable,  v.  833 
of  magnesia,  v.  673 
of  sulphur,  vii.  561 
pasteurization  of,  iii.  453;  v.  839 
peptonized,  iii.  452;  v,  829 
poisonous,  iv.  188;  v.  823 
powder,  v.  829 
preservation  of,  v.  838 
preservatives  in,  detection  of,  v. 

840 
products  of,  V.  838 
red,  V.  833,  833 
secretion  of,  v.  818 

effect   of    sympathetic  ner- 
vous system  on,  vi.  583 
separated,  iv.  822 
slimy,  V.  833 
standards,  v.  838 
sterilization  of,  iii.  452;  iv.  866; 

V.  839 
sugar  of,  V.  829,  843 
origin  of,  v.  819 
witches,  V.  826 
yellow,  V.  833,  833 
Milk  crust,  iii.  710;  vii.  87 
Milk-curdling     ferment     of    the 

pancreas,  vi.  463,  480 
Milking,  v.  843 

Milk-jelly,  how  to  make,  iii.  458 
Milk-sickness,  v.  843 
Milk-sugar,  v.  829,  843 
Milk-teeth,  vii.  645 
Milkweed,  i.  565 
Millboro  Spi-ings,  v.  843 
M'Uers,  health  of,  vi.  325 

lung,  V.  594 
Millipedes,  v.  160 
Millon's  reagent,  viii.  44 
Milzbrandcedem,  i.  366 
Mimusops,  i.  723 
balata,  i.  723 

Schomburgkii,  i.  723 
Schomburgkii,  i.  723 
Minced-meat  cakes,  how  to  make, 

iii.  454 
Mindererus,  spirit  of,  i.  316 
diaphoretic  action,  iii.  433 
Mineral,  crystal,  vi.  745 
Mineral  acids  as  disinfectant,  i.  687 
burns  from,  ii.  520 
toxicology  of,  i.  69 


Mineral  alkalies,  toxicology  of,  v. 

844 
Mineral  Hill  Springs,  v  845 
Mineral    industries,    dangers    of 

working  in,  vi.  334 
Mineral  springs  and  waters,  v. 
845 
Aachen,  i.  1 
Abenake's   Springs,   Quebec,   i. 

39 
Adams  County  Mineral  Springs,. 

Ohio,  i   105 
Adams  Springs,  Cal.,  i.  105 
Addison   Mineral  Springs,  Me.,, 

i.  106 
Addison   Sulphur   Springs,   W. 

Va.,  i.  106 
Adirondack  Mineral  Springs,  N.. 

Y.,  i.  136 
jEtna  Springs,  Cal.,  i.  137 
Agua  azufrosa  del  topo  chico,  i.. 

143 
Agua  de  Vida  Springs,  Cal.,  i. 

143 
Agua  fria,  i.  143 
Agua  hedionda,  i.  143 
Agua  tilia,  i.  144 
Aguaz  calientes,  Cal.,  i.  144 
Aix-les-bains,  i.  161 
Alburgh  Springs,  Vt.,  i.  166 
Alhambra  Springs,  Mont.,  i.  173- 
Alhuelican  Springs,  i.  173 
Alleghany  Springs,  Va.,  i.  191 
Allen  Springs,  Cal.,  i.  191 
AUouez  Mineral  Springs,  Wis., 

i.  193 
Alpena     Magnetic     Sulphur 

Springs,  Mich.,  i.  301 
Alum  Rock  Springs,  Cal. ,  i.  206- 
Ambler  Springs,  S.  C,  1.  208 
American  Carlsbad  Springs,  111., 

i.  214;  V.  848 
Americanus  Mineral  Well,  Mich., 

i.  214 
Anderson  Mineral  Springs,  Cal., 

i.,  330 
Antidyspeptic       and      Tonic- 
Springs,  Va.,  i.  374 
Aragon,  baths  of,  i.  437 
Arctic  Springs,  Wis.,  i.  439 
Arrington      Mineral      Springs, 

Kans.,  i.  533 
Arrow-head  Hot  Springs,  Cal., 

i.  522 
Arumbaro  Springs,  Max.,  i.  561 
Atotouilco,  i.  603 
Atotonilco  de  San  Andres,  i.  602 
Aurora  Springs,  i.  640 
Avon  Sulphur  Springs,  i.  675 
Ayer's  Amherst  Mineral  Springs, 

i.  675 
Azule  Springs,  i.  676 
Axocopan,  i.  675 
Bad-Nauheim,  vi.  151 
Bailey  Springs,  i.  722 
Ballard ville  Lithia  Springs,  i.  723 
Ballston  Spa,  i.  723 
BanfE  Hot  Springs,  i.  730 
Bano  de  San  Pablo,  i.  732 
Bancs  de  las  Arenas,  i.  733 
Banod  en  el  Pefion,  i.  733 
Barger's  Springs,  i.  734 
Barium  Springs,  i.  734 
Bartlett  Springs,  i.  735 
Bath  Alum  Springs,  i.  737 
Bath,  England,  i.  736 
Baths  of  Aragon,  i.  437 
B.  B.  Mineral  Springs,  i.  737 

841 
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jytineral  springs  and  waters,  Beall 

Spring,  i.  738 
Beck's  Hot  Sulphur  Springs,  i. 

738 
Bedford  Alum,  Iron  and  Lithia 

Springs,  i.  738 
Bedford  Chalybeate  Spring,  Pa., 

i.  739 
Bedford  Magnesia  Spring,  Pa.,  i. 

739 
Bedford  Springs,  Ky.,  i.  789 
Bedford  Springs,  Pa.,  i.  739 
Belknap  Hot  Medical  Springs,  i. 

741 
Bentley  Springs,  i.  743 
Berkeley  Springs,  i.  747 
Big  Bone  Springs,  i.  753 
Birchdale  Springs,  i.  760 
Black  Barren  Mineral  Springs,  i. 

763 
Black  Sulphur  Springs,  ii.  530 
Bladon  Springs,  i.  799 
Blodgett's  Springs,  Cal.,  ii.  16 
Blount  Springs,  ii.  Ill 
Blue  Hill  Mineral  Springs,  ii.  Ill 
Blue  Lick  Springs,  ii.  113 
Blue  Ridge  Springs,  ii.  113 
Boerne,  ii   113 

Borland  Mineral  Well,  ii.  130 
Bosthwick  Mineral  Springs,  ii. 

131 
Boswell  Springs,  ii.  132 
Boulder  Hot  Springs,  ii.  133 
Bowden  Lithia  Springs,  ii.  134 
Bowling  Ally  Spring,  Bedford, 

Pa.,  i.  739 
Bradford  Mineral  Springs,  ii.  136 
Brides  les  bains,  ii.  483 
Bromine-arsenic,  ii.  487 
Brown's  Wells,  ii.  498 
Buena  Vista  Springs,  ii.  515 
Buffalo  Lithia  Springs,  ii.  516 
Burdett  Mineral  Springs,  ii.  516 
Butter  worth's,  Mich.,  ii.  529 
Byron  Springs,  Cal,  ii.  530 
■Caledonia   Springs,   Canada,   ii. 

553 
Californian  Geysers,  the,  ii.  555 
California  Seltzer  Springs,  ii.  557 
Calistoga  Springs,  ii.  557 
Capon  Springs,  ii.  653 
Carabafia  Mineral  Spring,  ii.  654 
•Caramecuaro,  ii.  655 
Carisbad,  ii.  703 
Castalian  Mineral  Springs,  Cal., 

ii.  708 
Castalian  Springs,  Miss.,  ii.  708 
Castle  Creek  Hot  Springs,  i.  450 
€atoosa  Springs,  ii.  755 
Cedar  Springs  (Ohio),  ii.  760 
Chalybeate  Springs,  Ga.,  ii.  794 
Chamiquel,  Mex.,  ii.  794 
Charleston    Artesian    Wells,    ii. 

801 
Chattolauee  Springs,  Md.,  ii.  801 
Chichancanab,  Me.x.,  ii.  836 
Chichimequillas,  Mex.,  ii.  836 
Chichipico,  Mex.,  ii.  836 
Chick's  Springs,  S.  C,  ii.  827 
Chittenango    Sulphur    Springs, 

N.  Y.,  ii.  835 
Chucandiro,  Mex.,  iii.  76 
Cienega,  Mex.,  iii.  87 
Cienega  de  Mata,  Mex.,  iii.  87 
Cincinnati  Artesian  Well,  iii.  93 
Claredon  Springs,  Vt.,  iii.  129 
Claremonde  Chalybeate  Spring, 
Ga.,  iii.  139 
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Clark's     Red     Cross    Mineral 
Well,  Mich.,  iii.  139 
Clark's       Riverside        Mineral 

Springs,  Mich.,  iii.  130 
Clear  Creek  Springs,  Ky. ,  iii.  131 
Clifton  Springs,  N.  Y.,  iii.  136 
Climax  Springs,  Mo.,  iii.  148 
Cloverdale       Litliia       Springs, 

Penn.,  iii.  149 
Cold   Sulphur  Spring,   Va.,   iii. 

193 
Colemanville    Mineral    Springs, 

Va.,  iii.  196 
Colonial  Springs,  N.  Y.,  iii.  207 
Columbia  Springs,  N.  Y.,  iii.  225 
Comanjilla,  Mex.,  iii.  336 
Commonwealth  Mineral  Springs, 

Mass.,  iii.  228 
Cooper's  Well,  Miss.,  iii.  277 
Cornelian  Hot  Springs,  Cal.,  v. 

403 
Coronado  Springs,  iii.  393 
Crab  Orchard  Springs,  Ky.,  iii. 

311 
Cresson  Springs,  Pa.,  iii.  339 
Crocker  Springs,  Tenn.,  iii.  330 
Crockett  Arsenic-Lithia  Springs, 

Va.,  iii.  330 
Crum  Mineral  Spring,  Ohio,  iii. 

333 
Cuincho,  Mex.,  iii.  338 
Dearborn  Spring,  Vt.,  iii.  374 
Deep   Rock  Spring,  N.   Y.,  iii. 

393 
Des  Chutes  Hot  Springs,  Ore., 

iii.  437 
Dixie  Springs,  Tenn.,  iii.  549 
Dolores,  Mex.,  iii.  550 
Doxtatter's  Mineral  Well,  iii.  552 
Duncan  Springs,  Cal.,  iii.  563 
Eaton  Rapids  Wells,  Mich.,  iii. 

698 
El  Chino,  Mex.,  ii.  834 
Elgin  Springs.  Vt.,  iii.  786 
El  Paso  de  Kobles  Hot  and  Cold 

Sulphur  Springs,  Cal.,  iii.  787 
Equinox  Spi'ing,  Vt.,  iii.  860 
Esperanza,  N.  Y.,  iv.  11 
Estill,  Ky.,  iv.  11 
Eureka  Springs,  Ark.,  iv.  18 
Eureka  Springs,  Cal.,  iv.  18 
Excelsior  Spring,  N.  Y.,  iv.  48 
Eanquier       White      Sulphur 

Springs,  Va.,  iv.  138 
Farmville  Lithia  Springs,  Va., 

iv.  138 
Fernvale  Springs,  Tenn.,  iv.  148 
Ferris  Hot  Springs,  Mont.,  iv. 

149 
Fort    Crawford    Mineral    Well, 

Wis.,  iv.  347 
Fountain     Park    Magnetic 

Springs,  Ohio,  Iv.  347 
Franklin  Spring,  Ga.,  iv.  269 
Franzensbad,  iv.  369 
French  Lick  Springs,  Ind.,  iv. 

370 
Pry's  Miueral  Spring,  Iowa,  iv. 

375 
Fulton  Wells,  Cal.,  iv.  375 
Gainesville.  Ga.,  iv.  386 
Galbraith  Springs,  Tenn.,  iv.  388 
Gastein,  Austria,  iv.  309 
Gaylord     and    Gulick     Mineral 

Springs,  Penn.,  iv.  314 
Geneva  Lithia  Springs,  N.  Y., 

iv.  316 


Mineral  springs  and  waters,  Get- 
tysburg   Springs,    Penn.,   iv. 
349 
Geuda,  Kan.,  iv.  349 
Gilroy  Hot  Springs,  Cal.,  iv.  351 
Glen  Alpine    Mineral    Springs, 

Cal.,  iv.  368 
Glen  Alpine  Springs,  Tenn.,  iv. 

368 
Glen  Springs,  N.  Y.,  iv.  368 
Glen  Summit  Springs,  Penn.,  iv., 

369 
Glenn  Spring,  Tenn.,  iv.  370 
Glenn  Springs,  S.  C,  iv.  370 
Glenola  Springs,  Va.,  iv.  370 
Glenwood  Springs,  Col.,  iv.  370 
Godbold  Mineral  Well,  iv.  374 
Grand  Haven    Mineral   Spring, 

Mich.,  iv.  410 
Great  Bear  Spring,  N.  Y.,  iv. 

414 
Great  Paraiso  Hot  Soda  Spring, 

Cal.,  vi.  484 
Greenbrier       White       Sulplmr 

Spring,  West  Va.,  iv.  414 
Green  Lawn  Spring,  111.,  iv.  414 
Gudon  Springs,  Cal.,  iv.  405 
Harbin    Hot    Sulphur   Springs 

Cal.,  iv.  533 
Harris  Lithia  Springs,  S.  Car., 

iv.  538 
Harrison  Hot  Springs,  Brit.  Col., 

iv.  538 
Haywood        White        Sulphur 

Spring,  N.  Car.,  iv.  546 
Healing  Springs,  Ala.,  iv.  562 
Healing  Springs,  Va._;  see  Hot 

Springs,  Va.,  iv.  746' 
Heilbronn  Mineral  Springs,  Pla., 

iv.  624 
Highland  Springs,  Cal.,  iv.  688 
Highland  Springs,  Me.,  iv.  689 
Horn's  Spring,  Tenn.,  iv.  736 
Hot  Borate  Spring,  Cal.,  iv.  746 
Hot  Springs,  Bath  County,  Va., 

iv.  746 
Hot  Springs,  Fall  River  County, 

South  Dak.,  iv.  748 
Hot  Springs,    Garland   County, 

Ark.,  iv.  748 
Hot  Springs,  Madison   County, 

N.  C,  iv.  749 
Hot  Sulphur  Springs,   Col.,  iv. 

750 
Howard  Springs,  Lake  County, 

Cal.,  iv.  770 
Howard      Springs,     Lauderdale 

Co.,  Ala.,  iv.  770 
Hubbard  Springs,  Va.,  iv.  770 
Hudson     Hot      Springs,     New 

Mex.,  iv.  770 
Hunter's  Hot  Springs,  Montana, 

iv.  771 
Hunter's  Pulaski  Alum  Springs, 

Va.,  iv.  771 
Hunyadi  Janos  Spring,  Austria, 

viii.  478 
Idaho  Hot  Springs,  Col.,  iv.  840 
Idan-Ha  Spring,  Idaho,  iv.  841 
Indian  MinerafSprings,  Tex.,  iv. 

854 
Indian  Springs,  Butts  Co.,  Ga., 

iv.  854 
Indian  Springs,  Martin  Co.,  Ind., 

iv.  855  ^ 

Indiana    Mineral     Springs    and 

Mud  Baths,  iv.  855 
Iron  Lithia  Springs,  Va.,  v.  330 
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SCineral  springs  and  waters,  Iron- 
dale  Spring,  "W.  Va.,  v.  329 
Ischl,  V.  33a 

Ixtlan  Springs,  Mex. ,  v.  339 
Jemez  Hot  Springs,  N.  Mex.,  v. 

260 
Jordan's  White  Sulphur  Springs, 

Va.,  V.  298 
Katalysine,  iv.  349 
Keystone  Mineral  Spring,  Me., 

V.  808 
Kickapoo  Magnetic  Spring,  Ind., 

V.  308 
Kissingen,  v.  363 
Klamath  Hot  Springs,  v.  363 
Lake     Park     White     Sulphur 

Springs,  Miss.,  v.  403 
Lake  Tahoe  Hot  Springs,  Cal., 

V.  403 
Lake  View  Hot  Springs,  Ore.,  v. 

404 
Lane  Mineral  Springs,   Cal.,  v. 

405 
Las     Vegas     Hot    Springs,   N. 

Mex.,  V.  456 
Lebanon  Springs,  N.  Y.,  v.  475 
Lemon  Springs,  N.  C,  v.  483 
Leslie  Well,  Mich.,  v.  491 
Levico,  Austria,  v.  504 
Lick  Springs,  Cal.,  vii.  914 
Lineville  Mineral  Springs,  Iowa, 

V.  516 
Lissner's  Mineral  Spring,  Mont., 

V.  518 
Little  Red  Spring,  Tenn.,  vi.  863 
Litton  Seltzer  Springs,  Cal.,  v. 

536 
Livingston  Artesian  Well,  Ala., 

V.  565,  848 
Lodi  Artesian  Well,  Ind.,  v.  566 
Londonderry  Lithia  Springs,  N. 

H.,  V.  567 
Louisville  Artesian  Well,   Ky., 

V.  574 
Louisville    Mineral    Springs, 

Kan.,  V.  574 
Lower  Blue  Lick  Springs,  Ky., 

V.  574 
Madruga  Springs,  Cuba,  v.  671 
Magnetic  Mineral  Springs,  Ind., 

V.  673 
Magnolia  Spring,  v.  674 
Manhattan  Artesian  Wells,  Kan. , 

V.  687 
Manitou  Springs,   Col.,  v.  691, 

846 
Mardela  Springs,  Md.,  v.  698 
Marienbad,  Bohemia,  v.  693 
Mark  West  Springs,  Cal.,  v.  694 
Massasancta  Springs,  Va.,  v.  699 
Massasoit  Spring,  Mass.,  v.  699 
Massena  Spring,  N.  Y.,  v.  699 
Matchless  Mineral  Wells,  Ala., 

V.  718 
McCallister's  Soda  Springs,  Ore., 

V.  714 
Melrose  Spring,  Tenn.,  v.  740 
Mexican  Hot  Springs,  i.  142 
Michigan  Congress  Well,  Mich., 

i.  214 
Middletown     Mineral     Sprmgs, 

Vt.,  V.  790 
Midway  Warm   Springs,  Utah, 

V.  791 
Millboro  Springs,  Va.,  v.  843 
Mineral  Hill  Springs,  Tenn.,  v. 

845 
Mini-Ni-Yan  Springs,  111.,  v.  850 


Mineral  springs  and  waters,  Min- 
nuqua  Springs,  Pa.,  v.  850 
Mono  Lake,  Cal.,  v.  853 
Montebello  Springs,  Vt.,  v.  854 
Montesano Springs,  Miss.,  v.  855 
Montgomery     White     Sulphur 

Springs,  v.  856 
Montvale  Springs,  Tenn.,  v.  859 
Moodyville      Mineral     Springs, 

Kan.,  V.  859 
Moorman  Mineral  Well,  Mich., 

V.  859 
Morrison  Springs,  Col.,  v.  865 
Mount  Clemens  Mineral  Springs, 

Mich.,  vi.  2 
Mountain  Springs,  Pa.,  vi.  3 
Napa  Soda  Springs,  Cal.,  vi.  99 
Newsom's      Arroyo-Grande 

Springs,  Cal.,  vi.  286 
Nobscot     Mountain     Spring, 

Mass.,  vi.  394 
North  Haven  Pool,   Conn.,  vi. 

295 
Nye  Chalybeate  Spring,  Va.,  vi., 

308 
Nye  Lithia  Springs,  Va.,  vi.  308 
Oak  Orchard  Acid  Springs,  N. 

Y.,  vi.  309 
Ocean  Springs,  Miss.,  vi.  333 
Ochee  Springs,  R.  I.,  vi.  333 
Oconee  Chalybeate  Spring,  Ga., 

vi.  833 
Oconee  White  Sulphur  Springs, 

Ga,,  vi.  338 
of  Ems,  iii.  817 

of  Homburg,  Germany,  iv.  782 
of  Kissingen,  v.  363 
of  Nuevo  Leon,  i.  142 
of  Miohoacan,  i.  142 
of  Penjamillo,  i.  142 
of  Yurecuaro,  i.  143 
Oiai  Hot  Sulphur  Springs,  Cal., 

vi.  347 
Ojo  Caliente,  N.  Mex.,  vi.  347 
Old  Sweet  Springs,  W.  Va.,  vi. 

349 
Oliver  Springs,  Tenn.,  vi.  357 
Olympian  Springs,  Ky. ,  vi.  357 
Ouray  Springs,  Col.,  vi.  431 
Owens  Lalie,  Cal.,  vi.  453 
Owosso  Spring,  Mich.,  vi.  453 
Oxford  Mineral  Spring,   Conn., 

vi.  454 
Pacific  Congress  Springs,   Cal., 

vi.  455 
Pagosa  Springs,  Col.,  vi.  456 
Palmvra  Mineral  Springs,  Wis., 

vi.  4.59 
Panacea  Springs,  vi.  459 
Paradise  Spring,  Me.,  vi.  483 
Paraiso  Hot  Springs,  Cal. ,  vi.  483 
Paraiso  Sulphur  Spring,,  Cal.,  vi. 

483 
Paris  Chalybeate  Springs,  Miss., 

vi.  509 
Parker  Mineral  Spring,  Pa.,  iv. 

509 
Park's  Springs,   N.   C,  vi.   509 
Pavihon  Spring,  Pa. ,  vi.  530 
Perry  Springs,  111.,  vi.  574 
Piedmont      White     Sulphur 

Springs,  Cal.,  vi.  633 
Pine  Lawn  Spring,  N.  J.,  vi., 

636 
Plombieres,  vi.  669 
Plymouth   Rock   Mineral  Well, 

Mich.,  vi.  669 
Poland  Springs,  Me.,  vi.  728 
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Ponce  de  Leon  Springs,  Pa., 
vi.  784 
Porter  Springs,  Ga.,  vi.  736 
Powder  Springs,  Ga.,  vi.  747 
Powhatan     Litliia     and    Alum 

Springs,  Ga.,  vi.  747 
Pownal  Spring,  Me.,  vi.  747 
Puller  Springs,  Mont.,  vi.  796 
Ravenden  Springs,  Ark.,  vi.  843 
Rawiey  Springs,  Va. ,  vi.  843 
Rawlins'    Sulphur    Springs, 

Wyo.,  vi.  842 
Red  Boiling  Springs,  Tenn.,  vi. 

863 
Red  Spring,  Nn.  3,  Tenn.,  vi.  863- 
Red  Sulphur  Springs,  W.  Va., 

vi.  863 
Reedy  Creek  Springs,  S.  C,  vi. 

871 
Richfield  Springs,  N.  Y.,  vi.  97.5. 
Roanoake  Red  Sulphur  Springs, 

Va.,  vi.  980 
Rockbridge  Alum  Springs,  Va., 

vi.  981 
Rock  Castle  Springs,  Ky.,  vi.  981 
Rock  Enon  Springs,  Va.,  vi.  983 
Rosscommon    Spring,    Pa.,    vi. 

1001 
Royal  Gorge  Hot  Springs,  Col., 

vi.  1001 
Royal-les-bains,  France,  vi.  1001 
Rubinat  Coudal,  Spain,  vi.  lOOS 
Rubinat  Mineral  Springs,  Spain, 

vi.  1003 
Rubinat  Serre,  Spain,  vi.  1008 
Saegerstown    Mineral    Springs, 

Pa.,  vii.  2 
Saint  Catherine's  Well,  Ontario, 

vii.  4 
Saint  Clair  Springs,  Mich.,  vii.  4 
Saint    Helena    White    Sulphur 

Springs,  Cal.,  vii.  5 
Saint  Louis  Spring,  Mich.,  vii.  6- 
Saint  Regis   Spring,   N.   Y.,  v. 

699 
Salsomaggiore,  Italy,  vii.  15 
Salt  Lake  Hot  Springs,   Utah. 

vii.  17 
Salt  Sulphur  Springs,  W.  Va., 

vii.  17 
Salvator  Mineral  Springs,  Wis., 

vii.  17 
San  Bernabe   Springs,   Mexico,. 

vii.  19 
San    Bernardino    Hot    Springs,. 

Cal..  vii.  19 
San  Diego  de  los  Bancs,  Cuba, 

vii.  28 
Santa  Barbara  Hot  Springs,  Cal., 

V.  849;  vii.  28 
Santa     Rosa     White     Sulphur 

Springs,  Cal.,  vii.  39 
Santa  Ysabel  Sulphur  Springs, 

Cal.,  vii.  29 
Saratoga  Springs,  N.  Y.,  v.  847;, 

vii.  31 
Schwalbach,  vii.  73 
Seigler's  Springs,  Cal.,  vii.  109 
Seven  Springs,  Va.,  vii.  134 
Shannondale   Springs,   W.    Va., 

vii.  198 
Sharon  Springs,  N.  Y.,  vii.  198 
Sheboygan  Mineral  Well,  AVis., 

vii.  199 
Sheldon  Springs,  Vt.,  vii.  199 
Sitka  Hot  Springs,  Alaska,  vu. 
217 
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Skagg's  Hot  Springs,  C'al.,  vii. 

217 
South   Dakota  Hot  Springs,  S. 

D.,  vii.  261 
Sparlding  Catawba  Springs,  N. 

C,  vii.  262 
Sparta  Mineral  Wells,  Wis.,  vii. 

262 
Spring  Lake  Well,    Mich.,   vii. 

431 
Stafford  Mineral  Spring,  Miss., 

vii.  434 
StafEord  Springs,  Conn.,  vii.  435 
Stark  Mineral  Spring,  Conn.,  vii. 

441 
Steamboat  Springs,  Col.,  vii.  454 
Storm    Lake     Mineral    Spring, 

Iowa,  vii.  530 
Strontia    Mineral   Spring,   Md., 

vii.  540 
Stryker  Mineral  Springs,  Ohio, 

vii.  546 
Sulpho-Saline  Spring,  Ohio,  vii. 

561 
Summit  Soda  Springs,  Cal.,  vii. 

565 
Sutherland   Springs,    Tex.,    vii. 

568 
Suwanee  Sulphur  Springs,  Fla., 

vii.  570 
Sweet  Chalybeate  Springs,  Va., 

vii.  571 
Sweet  Springs,  Mo.,  vii.  571 
Talley's  Springs,  Va.,  vii.  635 
Tarasp-Schuls,  vii.  639 
Tate  Spring,  Tenn.,  vii.  642 
Texas  Sour  Springs,   Tex.,   vii. 

730 
Thermal  Acid  Springs,  Cal.,  vii. 

731 
Three  Springs,  Pa.,  vii.  757 
Tolenas  Springs,  Cal.,  vii.  791 
Topeka   Mineral   Wells,   Kans., 

vii.  827 
Trentham  Spring,  Ga.,  vii.  874 
Tuscan  Springs,  Cal.,  vii.  914 
Tuscarora    Lithia    Spring,   Pa., 

vii.  914 
Ukiah  Vichy  Springs,  Cal.,  vii. 

936 
TJnaka  Springs,  Tenn.,  viii.  6 
Underwood  Spring,  Me.,  viii.  6 
Upper    Red     Boiling     Springs, 

Tenn.,  viii.  6 
Upper  Soda  Springs,  Cal.,  viii.  7 
Utah  Hot  Springs,  viii.  64 
Utah  Warm  Springs,  viii.  64 
Vermont  Mineral  Springs,   viii. 

221 
Vichy,  France,  viii.  235 
Victoria  Mineral  Springs,  Neb., 

viii.  237 
Victory  Strontia  Spa,  Ohio,  viii. 

237 
Villacabras  Springs,  Spain,  viii. 

237 
Virgin  Hot  Springs,  Utah,  viii. 

238 
Virginia  Hot  Springs,  iv.  746 
Waconda  Spring,  Kans,,  viii  273 
Walley's  Hot  Springs,  Nev.,  viii. 

374 
Wasatka    Mineral   Spring,    viii. 

274 
Washington  Springs,   Va.,   viii. 

275 
Watson's  Springs,  Ga.,  viii,  292 


Hineral     springs     and    waters, 

Waukesha     Mineral    Springs, 
Wis.,  viii.  393 
West  Baden  Springs,  Ind.,  viii. 

803 
West  Springs,  S.  C,  viii.  303 
Wetemis Mineral  Springs,  Wash., 

viii.  303 
Whann  Alkaline  Lithia  Springs, 

Pa.,  viii.  306 
White  Sulphur  Springs,   Iowa, 

viii.  306 
White    Sulphur    Springs,    La., 

viii.  306 
White  Sulphur  Springs,  Mont, 

viii.  306 
Wilbur  Springs,  Cal.,  viii.  313 
Wilden  Spring,  Vt.,  viii.  312 
Wilhoit's    Soda    Springs,    Ore., 

viii.  312 
Witter's    Mineral   Spring,   Cal., 

viii.  314 
Wolfer's  Mineral  Spring,   Ore., 

viii.  314 
Wootan  Wells,  Tex.,  viii.  314 
Yadkin   Mineral    Springs,   viii. 

318 
Yellow  Springs,  Ohio,  viii.  333 
Yellow   Sulphur    Springs,   Va., 

viii.  333 
Yellowstone    National    Park 

Springs,  viii.  333 
Young's  Natural  Gas  Well  and 

Mineral  Springs,  viii.  336 
Yxtlan  Springs,  Mex.,  v.  239 
Zem  Zem  Springs,  Cal.,  viii.  338 
Zonian  Springs,  111.,  viii.  341 
Mineral  waters,  v.  845 
alkaline,  v.  846 

saline,  v.  847 
as  laxatives,  v.  469 
chalybeate,  v.  848 
classitication  of,  v.  846 
saline  mineral,  v.  847 
sulphated  saline,  v.  848 
thermal  and  sulphurated,  v.  849 
Miners'  consumption,  vii.  214 
health  of,  vi.  334 
phthisis,  V.  594 
Mines,  amount  of  air  required  in, 

ii.  661 
Mining,  harmful  conditions  in,  vi. 

333 
Minnesota,  food  adulteration  in,  iv. 
173 
requirements  for  medical  prac- 
tice in,  iv.  48 
Minot's  automatic  precision  micro- 
tome, iv.  715 
improved  rotary  microtome,  iv. 
715 
Mint,  brown,  vii.  362 
family,  V.  379 
garden,  vii.  262 
lamb,  vii.  262 
mackerel,  vii.  363 
spear,  vii.  203 
MiquePs  classification  of  antiseptics, 
i.  383 
flask,  viii.  291 
Mirault's  operation  for  harelip,  iv. 

536 
Mirror,  for  posterior  rhinoscopy,  vi. 
107 
in  throat  examination,  v.  431 
Missiles,  from  pistol,  iv.  438 
from  shotgun,  iv.  428 
from  smoothbores,  iv.  439 


Mississippi,  history  of  yellow  fever 
in,  viii.  587 
requirements  for  medical   prac- 
tice in,  iv.  48 
Missouri,  history  of  yellow   fever 

in,  viii.  588 
"  Missouri,"  United  States  hospital 
ship,  iv.  738 
description,  iv.  738 
Mistletoe,  v.  571 

American,  v.  571 
Mistral,  iii.  140 
Mistura,  see  Mixture 

cretse,  ii.  553 
Mites,  i.  429 
Mithridatism,  iv.  843 
Mitosis,   ii.  763 ;  and  see  Cell 
hyperchromatic,  v.  301 
hypochromatic,  v.  301 
irregular,  v.  301 
multipolar,  v.  300 
pathological  forms  of,  v.  301 
Mitral  pulse,  vi.  805 
Mitral  regurgitation,  ii.  833;  iv. 

605  ;  vi.  805 
Mitral  stenosis,  ii.   834;    iv.   606; 

vi.  805 
Mitral  valve,  iv.  570 
Mitrula  phalloides,  iv.  381 
Mixed    anaesthesia,   clinical    evi- 
dence regarding,  iii.  35 
Mixer  used  in  the  enumeration  of 

blood  corpuscles,  ii.  43 
Mixture,  a  form  of  medicine,  v.  737 
anaestlietic,  iii.  14 
Basham's,  v.  236 
brown,  v.  518 
chalk,  ii.  552 
compound  iron,  v.  223 
compound  liquorice,  v.  518 
compound,   of   chloroform    and 

cannabis  indica,  iii.  7 
fiask,  viii.  291 
Griffith's,  V.  333 
neutral,  v.  483 

of  citrate  of  potassium,  v.  483 
of  rhubarb  and  soda,  vi.  974 
Moccasin  flower,  iii.  340 
Moderator  band,  iv.  570 
Modification  =  acquired  character- 
istic, in  evolution,  iv.  35 
distinguished    from      variation, 

viii.  183 
of  cow's  milk,  v.  830 
Modiolus,  i.  620 
Moist  chamber,  iv.  704 
Moisture   of   soil,    relation  of,    to 

consumption,  iii.  265 
Moitessier's   gas-pressure   regu- 
lator, viii.  434 
Molar  teeth,  vii.  646 
Molasses,  vii.  549 

adulteration  of,  iv.  183 
Mole,  vi.  651 
fibrin,  iii.  388 
fleshy,  iii.  388 ;  vi.  651 
grape,  vi.  651 
hairy,  vi.  91 
hydatid,  iii.  60;  vi.  651 
of  chorion,  iii.  60 
pigmented,  vi.  91 
stone,  vi.  651 
uterine,  iii.  808 
MoUin,  V.  850 
Mollities  ossium,  vi.  426 
kyphosis  due  to,  v.  378 
Molluscs,  poisonous,  iv.  189 
Molluscum  albuminosum,  v.  852 
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Holluscura  areolo-fibrosnm,  v.  853 
contaglosum,  v.  850 

diagnosed  from  verruca  vul- 
garis, viii.  233 
epitheliale,  v.  850 
fibrosum,  v.  853 
of  eyelids,  iv.  118 
pendulum,  v.  853 
sebaceum,  v.  850 
simplex,  v.  852 
verrucosum,  v.  850 
Monaco,  v.  854 
Monamins,  ptomai'ns,  vi,  784 
"  Monarch,"  ventilation  of  the,  vi. 

165 
Monarda,  v.  379 
Monas  pyophila,  \'iii.  643 
Monaster,  ii.  764 
Monaxone,  vi.  235 
Monilethrix,  i.  605 
Monilla,  vii.  1 
Moniodomethane,  v.  781 
Monkshood,  i,  83 
Mono-acetyl-resorcin,  v.  853 
Monotorachius,  vii.  714 
MonolDromacetanilid,  v.  853 
Monobromated  camphor,  ii.  634 
Mono chlor methane,  v.  781 
Mono  Lake,  v.  853 
Monomania,  v.  137 ;  and  see  Para- 
noid 
Monomyositis,  vi.  31 
Mononeuritis,  vi.  255 
Monophenetidin   citric    acid,    v. 

854 
Monophobia,  v.  133 
Monoplegia,  brachial,  i.  468 
Monopus,  vii.  714 
Monosaccharids     in    urine,     viii. 

38 
Monostomum  lentis,  vii.  866 
Mons  pubis,  anatomy  of,  vii.  170 
ureteris,  i.  784 
veneris,  vii.  168 
Monsel's  solution,  v.  338 
Monsoons,  influence  on  climate,  iii. 

140 
Monsters,  vi.  376;  vii.  668;  and  see 
Teratolugy 
acardiac,  vii.  679 
double,  vii.  675,  683 
due  to  agenesia,  i.  140 
Montana,  requirements  for  medical 

practice  in,  iv.  48 
Montebello  Springs,  v.  854 
Monte  Carlo,  v.  854 
Monterey,  California,  v.  855 
Montesano  Springs,  v.  855 
Montgomery      White      Sulphur 

Springs,  v.  856 
Montreal,  Canada,  v.  856 
Montr eux,  v.  857 
Montvale  Springs,  v.  859 
Moodyville  Mineral  Springs,  v. 

859 

Moon-blindness,  see  Hemeralopia 

Moonseed,  Canadian,  v.  859 

Moore's  bandage,  iv.  359 

Moorman  Mineral  Well,  v.  859 

Moral  imbecility,  v.  136 

Moral  sense,  perturbations  and  per- 
versions of,  in  insanity,  v.  49 

Morbid  states,  iv.  659 

Morbilli,  v.  714;  and  see  Measles 
sine  catarrho,  v.  717 
exanthemate,  v.  717 

Morbus  coxse,  v.  366 ;  and  see  Hip 
disease 


Morbus  coxarius,  v.  366;  and  see 

Hip  disease 
Morbus  maculosis  Werlhofli,  v, 

860;  vi.  815 
Morbus  regius,  v.  344 
Morchella  esculenta,  iv.  381 
Morel's  tourniquet,  i.  239 
Moribund  state,  Icucocytosis  in,  v. 

491 
Morin's  base,  ptomain,  vi.  791 
Mormon  tea,  iii.  844 
Morner  and  Sjoquist's  method  of 

estimating  urea,  viii.  35 
Morner's  test  for  diacetic  acid, 

viii.  49 
Morning-glory,  iii.  375 
Morning-sickness,   iv.    341 ;    viii. 

369 
Morphine,  v.  863;  vi.  385 
acetate,  v.  864 
action,  v.  863 
as  a  hypnotic,  iv.  814 
as  a  local  auaesthetic,  i.  288 
as  an  anodyne,  i.  361 
as  an  expectorant,  iv.  53 
detection,  vi,  390 
effects  of,  on  fa?tus,  vi.  279 
hydrochlorate,  v.  864 
hypodermatic  use  of,  iv.  830 
Idiosyncrasy,  v.  863 
methyl,  iii.  164 

poisoning  by,  vi.   387;  and  see 
Ojnyin,  poisoning  by 
post-mortem  appearances,  i. 
664 
sulphate,  v.  864 
tests,  V.  863;  vi.  391 
therapeutics,  v.  803 
Morphinism,  see  Opiumism,  v.  84 

citroplien  in,  iii.  127 
"  Morphin-like  "ptomain,  vi.  793 
Morphoea,  v.  864 

diagnosed  from  keloid,  v.  304 
Morphology,  i.  758;  and  Bee  Biology 
Morrhuic  acid,  ptomain,  vi.  789 
Morrhuin,  ptomal'u,  vi.  789 
Morrhuol,  iii.  166 
Morrison  Springs,  v.  865 
Morrison's  operation  for  cirrhosis 

of  the  liver,  vi.  358 
Mortality,  see  Heath-rate 
in  childhood,  ii.  834 
influence  of  occupation  on,  viii. 
253 
of  density  of  population  on, 
viii.  352 
in  infancy,  iv.  859 
Mortification,  amputation  in,  i.  337 
Morton's  neuralgia,  iv.  211 
Morvan's  disease,  v.  865;  and  see 

Syringomyelia 
Moschus,  vi.  67 

moschiferus,  vi.  67 
Mosquitoes,  v.  162,  866 

agency  <if,  in  transmission  of  dis- 
ease, V.  866 
bite  of,  protection  against,  v.  872 
diseases  transmitted  by,  v.  870 
eggs,  V.  870 
in  relation  to  filaria,  vi.  314 

to  liuman  pathology,  v.  866 
'to  malaria,  v.   869;  vi.  656, 

660 
to  yellow  fever,  viii.  334 
prophylaxis  against,  v.  871 
scale    arrangement    of    leading 

genera  of,  v.  866 
yellow  fever,  viii.  324 


Moss,  vi.  3 

black,  ii.  483 
Corsican,  vi.  1 
Florida,  ii.  488 
Iceland,  vi.  1 
Irish,  vi.  1 
starch,  vi.  1 
worm,  vi.  1 
Mosso's  sphygmomanometer,  liL 

98 
Mossy  cells,  vi.  338 
Moth,  v.  166 
buck,  V.  167 
lo,  V.  166 
patch,  ii.  835 
Mother's  marks,  see  Nmiius,  vi.  89j 

90 
Motherwort,  v.  379 
Motility,  disturbances  of,  v.  54 
Motion,  disturbances  of,  in  hys- 
teria, iv.  833 
Motor  and  trophic  nerves,  distin- 
guished by  calorimetry,  ii.  568 
Motor  areas,  distribution  of,  ii.  304 
Motor  nerves,  lesions  of,  ii.  393 
Motor  paralysis  of  the  larynx,  v. 

429 
Motor  tracts,  vi.  494 
Moulded  silver  nitrate,  vii.  215 
Mount  Clemens  Mineral  Springs, 

vi.  3 
Mount  Desert,  Maine,  vi.  2 
Mountain  balm,  viii.  333 
Mountain  range,  influence  of,  upon 

climate,  iii.  139 
Mountain  rush,  iii.  844 
Mountain-sickness,  i.  150,  205 
Mountain  Springs,  vi.  2 
Mountainous    regions,    residence 
in,  as  predisposing  to  deaf -mutism, 
iii.  364 
Mounting  specimens,  methods  of, 

iv.  727 
Moure's    operation    for    deviated 

nasal  septum,  vi.  136 
Mouth,  absence  of,  i.  603 ;  viii.  583 
atresia  of,  viii.  583 
burns  and  scalds  of,  viii.  583 
dermoid  cyst  of,  vi.  839 
diseases  and  injuries  of,  viii.  579 
dryness  of,  vi.  512 
examination  of,  in  medico-legal 

autopsy,  i.  659 
inflammation   of   the,   viii.   579; 

and  see  Stomatitis 
lymphatics  of,  v.  628 
medication  of  the,  v.  733  _^ 
mucous  patches  of  the,  vii.  622 
plastic  operations    on,  vi.  904; 

and  see  Stomatoplasty 
putrid  sore,  viii.  590 
syphilitic  affections  of  the,  vii. 

623 
wounds  of,  viii.  582 
Mouth-gags,  iii.  13;  v.  195 
Mouth  prop,  iii.  12 
Movements,  amoeboid,  ii.   762;   ni. 
368  \ 

Brownian,  i.  683 
ciliary,  ii.  763;  iii.  271 
forced,  in  cerebellar  disease,  ii. 

339 
irradiated,  v.  231 
molecular,  i.  683 
protoplasmic,  ii.  763 
Moxa,  ii.  758  .  . 

Mucilage,  a  form  of  medicme,  v. 

737 

845 


]TIucllage. 

Muscle  or  ninscles. 
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Mucilage  as  an  antidote,  i.  372 
of  elm,  iii.  787 
of  sassafras  pith,  vii.  43 
of  tragacanth,  vii.  845 
JVEuclu,  i.  755 

in  tissues,  vi.  88 
in  tumors,  vi.  88 
in  urine,  viii.  31 
Mucocele  of  the  frontal  sinuses,  iv. 

371 
Mucor  mucedo,  iv.  378 

stolonifer,  iv.  378 
Mucorales,  iv.  378 
Mucosa,   termination   of    muscular 

fibres  in  the,  vi.  15 
Mucous  cells,  iii.  856 
Mucous  degeneration,  iii.  395 
Mucous  epithelium,  iii.  855 
Mucous  membranes,  absorption  by 
various,  vi.  719 
amyloid  degeneration  in,  i.  270 
fibroma  of,  iv.  155 
inflammations  of,  vi.  3 
classification,  vi.  4 
etiology,  vi.  3 
varieties,  vi.  5 
lesions  of,  in  diabetes  mellitus, 

iii.  429 
lupus  of  the,  V.  614 
medication  of  the,  v.  733 
of  the  nose,  vi.  105 
Mucous  patches,  vii.  632 
Mucous  polypi,  nasal,  vi.  139 
Mucous  tissue,  tumors  of,  see  Myx- 
oma, vi.  87 
Mud  Baths,  Indiana,  iv.  855 
Muguet,  viii.  580 
Muir's  ventilator,  iv.  757 
Mullein,  vii.  77 
Mule's  operation,  viii.  447 

accidents  and  complications,  viii. 

448 
contraindications,  viii.  448 
indications,  viii.  448 
special    advantages  with  refer- 
ence to  wearing  of  an  artificial 
eye,  viii.  448 
Miiller's  duct,  vii.  148 
MuUer's  fluid,  ii.  48,  323;  iii.   70; 

iv.  708 
Multifidus  spinas  muscle,  anom- 
alies of,  vi.  60 
Multiple  (cerebro-spinal)  sclero- 
sis, viii.  491 
diagnosed  from  brain  tumor,  il. 

449 
diagnosis,  viii.  493 
etiology,  viii.  491 
morbid  anatomy,  viii.  493 
physiology,  viii.  492 
prognosis,  viii.  498 
symptoms,  viii.  491 
treatment,  viii.  493 
Multiple  fcetation,  iv.  341 
Multiple  neuritis,  vi.  356 

a  cause  of  paraplegia,  vi.  499 
diagnosis,  vi.  257 
etiology,  vi.  356 
prognosis,  vi.  257 
symptoms,  vi.  356 
treatment,  vi.  258 
Multiple  progressive  hyalosero- 
sitis, vi.  6 
diagnosis,  vi.  8 
etiology,  vi.  7 
pathogenesis,  vi.  7 
treatment,  vi.  9 
Multiplicities,  vii.  688 


Mummification  (of  dead),  iii.  356 
Mummification  necrosis,  vi.  204 
Mumps,  vi.  9 

among  troops,  ii.  587 
complications  and  sequelse,  vi.  10 
definition,  vi.  9 
diagnosis,  vi.  10 
how  to  avoid  in  camp,  v.  814 
morbid  anatomj',  vi.  9 
nature  and  etiology,  vi.  9 
prognosis,  vi.  10 
symptoms,  vi.  9 
synonyms,  vi.  9 
treatment,  vi.  10 
Munson's  hospital  tent,  v.  810 
Muriate  of  ammonia,  iii.  4 
Muriatic  acid,  iv.  780 
Murmurs,  ansemic,  ii.  825 
aortic  diastolic,  ii.  822 

systolic,  ii.  823 
endocardial,  ii.  821 
exocardial,  ii.  821 
functional,  ii.  823,  835 
hsemic,  ii.  823,  835 
inorganic,  ii.  833,  835 
organic,  ii.  832 
mitral,  presystolic,  ii.  823 

systolic,  ii.  833 
pericardial,  ii.  831 
pleuropericardial,  ii.  831 
pulmonary,  ii.  817 
systolic,  ii.  823 
Murphy  button,  iii.  206;  v.  179, 181 
Murrain,  iv.  734 
Murrill's  gas-pressure  regulator, 

viii.  425 
Muscae  volitantes,  iv.  93 ;  viii.  367 
Muscarin,  action  on  heart,  v.  23 
post-mortem  appearances  in  poi- 
soning by,  i.  664 
ptomain,  vi.  787 
synthetic,  vi.  787 
Musci,  vi.  2 
Muscidse,  v.  153 

Muscle  or  muscles,  abducteur  hu- 
meral du  pouce,  vi.  54 
abductor  hallucis,  anomalies  of, 
vi.  59 
indicis,    palmar    accessory, 

vi.  55 
minimi  digiti,  iv.  485 

anomalies  of,  vi.  55 
minimi  digiti   pedis,  anom- 
alies of,  vi.  59 
ossis  metatarsi  quinti,  vi.  59 
pollicis,  iv.  485 

anomalies  of,  vi.  55 
pollicis  longus,  iv.  242 
accelerator  urinee,  anomalies  of, 

vi.  63 
accessorius  ad  accessorium,  vi.  58 
ad  flexorem  profundum,  vi. 

53 
tricipitis,  vi.  53 
accessory  abdominal  oblique,  vi. 
61 
gluteus  minimus,  vi.  56 
head  to  quadriceps  cruris, 

vi.  57 
inferior  oblique,  vi.  43 
palmar  abductor  indicis,  vi. 

55 
popliteus,  vi.  58 
action  of,  in  coughing,  iii.  399 
acute  inflammation  of,  vi.  31 
adductor  brevis,   anomalies  of, 
vi.  57 
hallucis,  vi.  59 


Muscle  or  muscles,  adductor  bre- 
vis indicis,  vi.  60 
longus,  anomalies  of,  vi.  57 
magnus,  anomalies  of,  vi.  57 
minimus  vel  quadratus,  vi. 

57 
pollicis,  iv.  485 

anomalies  of,  vi.  55 
adductors  of  the  thigh,  vii.  738 
adjutor  splenii,  vi.  60 
agitator  caudse,  vi.  55 
amyloid  degeneration,  i.  370;  vi. 

29 
anaemia  of,  vi.  36 
anconeus,  iii.  736;  iv.  242 

anomalies  of,  vi.  53 
anomalies  of,  vi.  42 
anomalus,  vi.  43 
antitragicus,  i.  638 
arytenoid,  v.  409 
associated   with    the    shoulder- 
joint,  vii.  205 
atrophy  of,  vi.  37,  39 

in  hip  disease,  v.  367 
attollens  auriculam,  i.  638 
attrahens  auriculam,  i.  638 
auricular,  anomalies  of,  vi.  43 
auricularis  anterior,  i.  638 
anticus,  vi.  43 
posterior,  i.  638 
superior,  i.  638 
axillary  band,  anomalies  of,  vi- 

48 
azygo-pharyngeus,  vi.  47 
azygos  uvulae,  viii.  107 
biceps  brachii,  i.  453 ;  iii.  734 

anomalies  of,  vi.  53 
biceps  femoris,  or  flexor  cruris^ 

anomalies  of,  vi.  56 
biventer  cervicis,  anomalies  of, 

vi.  60 
brachialis  anticus,  i.  453 ;  iii.  735 

anomalies  of,  vi.  53 
brachio-capsularis,  vi.  51 
brachio-radialis,  iv.  341-;  vi.  53, 

54 
bulbo-cavernosus,  anomalies  of, 

vi.  62 
calcification  of,  vi.  29 
cardiac,  vi.  19 
cephalo-humeral,  vi.  44 
cervicalis  ascendens,  anomalies 

of,  vi.  60 
chondro-coracoid,  vi.  51 
chondro-epitrochlearis,  vi.  49 
chondro-glossus,  vi.  47 
chronic  inflammation  of,  vi.  31 
ciliary,  iv.  74 
cleido-cervicalis,  vi.  49 
cleido-epitrochlearis,  vi.  51 
cleido-hyoid,  vi.  45 
cleido-mastoid,  vi.  44 
cleido-occipital,  vi.  44 
cloudy  swelling,  vi.  28 
coccygeus,  anomalies  of,  vi.  63 
complexus,  anomalies  of,  vl.  60 
compressor  hemisphericum  bul- 
bi,  vi.  63 
narium,  anomalies  of,  vi.'43 
venae  dorsalis  penis,  vi.  63 
constrictor  isthmi  faucium,  viii. 

107 
coraco-brachialis,  i.  453 
anomalies  of,  vi.  51 
longus,  vi.  51 
proprius,  vi.  51 
superior  vel  brevis,  vi.  51 
coraco-capsularis,  vi.  51 
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SCuscle  or  muscles,  costo-fascialis, 
vi.  45 
crico-arytenoid,  v.  409 
crico-hyoid,  vi.  45 
crico-thyroid,  v.  409 
cucullaris,  vi.  48 
curvator  coccygeus,  vi.  62 
cyst  in,  iii.  349 

cysticercus  cellulosaa  in,  vi.  33 
degeneration  of,  vi.  28 
deltoid,  anomalies  of,  vi.  51 
depressor  anguli  oris,  anomalies 
of,  vi.  43 
tliyroideffi,  vi.  45 
diaphragm,  anomalies  of,  vi.  61 
digastric,  anomalies  of,  vi.  46 
dilator  naris,  anomalies  of,  vi.  43 
dorso-epitrochlearis,  vi.  48,  53 
effects  of  massage  upon,  v.  696 
epigastric  slips,  vi.  55 
epitrochleo-anconeus,  vi.  53 
erector  penis,  iv.  323 

anomalies  of,  vi.  62 
extensor    brevis    d  i  g  i  t  o  r  u  m, 
anomalies  of,  vi.  55 
brevis  digitorum  pedis,  iv. 
194 
anomalies  of,  vi.  58 
brevis  hallucis,  vi.  58 
carpi    radialis     accessorius, 

vi.  54 
carpi  radialis  brevior,  anom- 
alies of,  vi.  54 
carpi  radialis  brevis,  iv.  241 
carpi  radialis  longior,  anom- 
alies of,  vi.  54 
carpi  radialis  lougus,  iv.  341 
carpi  ulnaris,  iv.  241 

anomalies  of,  vi.  54 
coccygis,  vi.  60 
communis  digitorum,  iv.  241 

anomalies  of,  vi.  54 
hallucis  longus  tricaudatus, 

vi.  57 
indicis,  iv.  242 

anomalies  of,  vi.  55 
indicis  brevis,  vi.  55 
longus     digitorum     pedis, 

anomalies  of,  vi.  57 
minimi  digiti,  iv.  241 

anomalies  of,  vi.  54 

ossls  metacarpi  pollicis,  iv. 

243 

anomalies  of,  vi.  54 

ossis  metatarsi  hallucis,  vi. 

57 
pollicis  brevis,  iv.  242 
pollicis  longus,  iv.  243 
primi     internodii     hallucis, 

anomalies  of,  vi.  57  _ 
primi  internodii  pollicis,  iv. 
242 
anomalies  of,  vi.  55 
primi  internodii   pollicis  et 

indicis,  vi.  .55 
proprius  digiti  medii,  vi.  55 
proprius  hallucis,  anomalies 

of,  vi.  57 
quadriceps  femoris,  vii.  788 
secundi    internodii   pollicis, 
iv.  242 
anomalies  of,  vi.  55 
external   intercostals,  anomalies 
of,  vi.  60 
oblique,  i.  3 

anomalies  of,  vi.  61 
facial,  lack  of  control  of,  in  in- 
sanity, V.  55 


Muscle  or  muscles,  fatty  degener- 
ation of,  vi.  28 
fibrillation,  vi.  29 
flexor  accessorius,  anomalies  of, 
vi.  59 
accessorius   longus    digito- 
rum pedis,  vi.  58,  59 
brevis    digitorum    pedis, 

anomalies  of,  vi.  59 
brevis    hallucis,    anomalies 

of,  vi.  59 
brevis  minimi  digiti,  iv.  485 

anomalies  of,  vi.  55 
brevis  minimi  digiti  pedis, 

anomalies  of,  vi,  60 
brevis  pollicis,  iv,  485 

anomalies  of,  vi.  55 
carpi  radialis,  iv,  240 

anomalies  of,  vi,  58 
carpi  radialis  brevis,  vi,  54 
carpi  ulnaris,  iv.  241 

anomalies  of,  vi,  53 
hallucis    longus,    anomalies 

of,  vi,  59 
indicis,  vi.  53 

longus    digitorum    accesso- 
rius, vi.  59 
longus    digitorum    pedis, 

anomalies  of,  vi.  58 
longus  pollicis,  iv.  241 

anomalies  of,  vi.  54 

profundus    digitorum,    iv. 

241 

anomalies  of,  vi.  53 

proprius  digiti  secundi,  vi. 

59 
sublimis  digitorum,  iv.  341 
anomalies  of,  vi.  53 
fourth  gluteal,  vi.  56 
fragmentation,  vi.  29 
frontalis,  anomalies  of,  vi.  43 
gastrocnemius,  v.  480 

anomalies  of,  vi.  58 
gemellus  inferior,  anomalies  of, 
vi.  56 
superior,  anomalies  of,  vi.  56 
genio-hyo-glossus,  anomalies  of, 

vi.  47 
genio-hyoid,  anomalies  of,  vi.  47 
gluteus    maximus,    accessorius, 
vi.  56 
maximus,  anomalies  of,vi.  55 
medius,  anomalies  of,  vi.  .55 
minimus,  anomalies  of,  vi. 
56 
gonorrhceal  inflammation  of,  vi. 

32 
gracilis,  vii,  788 

anomalies  of,  vi.  57 
granular  degeneration  of,  vi.  38 
helicis  ma.ior,  i.  688 

minor,  i.  638 
hemorrhage  into,  vi.  36 
hepatico-diaphragmaticus,  vi.  61 
hyaline  degeneration  of,  v.  58 
hydropic  degeneration  of,  vi.  28 
hyofacialis,  vi.  45 
hyoglossus,  anomalies  of,  vi.  47 
hypersemia  of,  vi,  26 
hypertrophy  of,  vi.  27,  39 
hypothenar,  iv.  485 
iliacus,  anomalies  of,  vi.  56 
minor,  vi.  56 
suijerficial,  vi.  56 
,    ilio-capsularis,  vi.  56 
inferior  constrictor  of  pharynx, 

anomalies  of,  vi._47 
inflammation  of,  vi.  80,  39 


Muscle  or  muscles,  infraspinatus, 
anomalies  of,  vi.  51 
injuries  of,  vi.  38 
intercostal,  vii.  752 
interference  with  action  of,  cause 

of  dyspncea,  iii.  579 
internal    intercostals,   anomalies, 
of,  vi.  60 
oblique,  i.  3 

anomalies  of,  vi.  61 
interosseous,  of  the  foot,  vi.  60 
of  the  hand,  iv.  485 

anomalies  of,  vi.  55 
palmar,  of  thumb,  vi.  55 
Interspinales,   anomalies  of,  vi. 

60 
involved  in  knee-jerk,  v.  366 
ischio-calcaneus,  vi.  56 
ischio-cavernosus,  anomalies  of,. 

vi.  62 
ischio-condyloid,  vi.  57 
ischio-femoral,  vi.  55 
lateralis  abdominis,  vi.  61 
latissimus  dorsi,  anomalies  of,  vi. 

48 
laxator  tympani,  i.  619 
levator  anguli  scapulae,   anom- 
alies of,  vi.  48 
claviculse,  vi.  44,  49 
glandulse  thyroidea?,  vi.  46 
labii      superioris    proprius, 

anomalies  of,  vi.  43 
palati,  viii.  107 
palpebrffi,  anomalies  of,  vi, 
48 
ligamentum  nuchse  replaced  by, 

vi.  60 
longissimus  dorsi  anomalies  of, 

vi.  60 
longus  colli,  anomalies  of,  vi.  48 
lumbricales,  iv.  485 
anomalies  of,  vi.  54 
pedis,  anomalies  of,  vi.  59 
masseter,  anomalies  of,  vi.  43 
mento-hvoid,   anomalies  of,   vi. 

46 
middle  constrictor  of  pharynx, 

anomahes  of,  vi.  47 
multifidus  spinse,  anomalies  of, 

vi.  60 
mylo-glossus,  vi.  47 
mylo-hyoid,  anomalies  of,  vi.  47 
necrosis,  vi.  28 
obliquus  auriculae,  i.  638 

externus  abdominis,  anom- 
alies of,  vi.  61 
inferior  accessorius,  vi.  43 
internus   abdominis,    anom- 
alies of,  vi.  61 
obturator    externus,    anomalies 
of,  vi.  56 
internus,  anomalies  of,  vi.  56 
occipitalis,  anomalies  of,  vi.  42 

minor,  vi,  43 
occipito -frontalis,  anomalies  of, 

vi,  43 
occipito-h3'oid,  vi.  46 
occipito-pharyngeus,  vi.  47 
occipito- scapular,  vi.  48 
of  mastication,  v.  700 

anomalies  of,  vi.  43 
of  the  abdomen,  i.  3 
of  the  auricle,  i.  638 
of  the  foot,  iv.  194 
of  the  hand,  iv.  485 
of  the  larynx,  v.  409 
of  the  nose,  anomalies  of,  vi.  43 
of  the  orbit,  anomalies  of,  vi.  43 
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Jduscle  or  muscles    of    the    peri- 
neum, vi.  565 
of  the  skin,  viii.  555 
of  the  thigh,  adductor  group, 
vii.  738 
anterior  group,  vii.  737 
posterior  group,  vii.  740 
of  the  Lliorax,  vii.  751 
omo-hyoid,  anomalies  of,  vi.  45 
opponens  Jiallucis,  vi.  59 
minimi  digiti,  iv.  485 

anomalies  of,  vi.  55 
minimi  digiti  pedis,  vi.  60 
poUicis,  iv.  485 
orbicularis  palpebrarum,  spasm 

of,  ii.  5 
pain  in,  vi.  38 
palato-glossus,  viii.  107 
palato-pharyngeus,  viii.  107 
palmaris  brevis,  iv.  485 

anomalies  of,  vi.  55 
longus,  iv.  241 

anomalies  of,  vi.  53 
parasites  of,  vi.  33,  501 
pathology  of,  vi.  26 
pectineus,  vii.  738 

anomalies  of,  vi.  57 
pectoralis  major,  anomalies  of, 
vi.  49 
minimus,  vi.  50 
minor,  anomalies  of,  vi.  50 
pectorals,  absence  of,  ii.  806 
peroneo-calcaneus  internus,    vi. 

58 
peroneo-tibialis,  vi.  58 
"peroneus  accessorius,  vi.  57 
brevis,  v.  480 

anomalies  of,  vi.  57 
longus,  V.  480 

anomalies  of,  vi.  57 
quartus,  vi.  57 
quinti  digiti,  vi.  57 
tertius,  anomalies  of,  vi.  57 
]>etro-pharyngeus,  vi.  47 
phrenic,  vii.  752 
pisi-uncinatus,  vi.  55 
plantaris,  v.  480 

anomalies  of,  vi.  58 
platysma  myoides,  anomalies  of, 

vi.  43 
pneumogastric,  vii.  753 
popliteus,  V.  483 

anomalies  of,  vi.  58 
minor,  vi.  58 
■prevertebral,   anomalies  of,   vi. 

47 
primitive  sheath  of,  vi.  15 
pronator  pedis,  vi.  58 
quadratus,  iv.  341 

anomalies  of,  vi.  54 
radii  teres,  iii.  736;  iv.  240 
anomalies  of,  vi.  53 
proteid  degeueration,  vi.  28 
■  psoas  magnus,  anomalies  of,  vi. 
56 
parvus,  anomalies  of,  vi.  56 
pterygoideus    externus,    anom- 
alies of,  vi.  43 
proprius,  anomalies  of,  vi.  43 
pterygo-pharyngeus,  vi.  47 
pterygo-spinosus,  vi.  43 
pyramidalis,  anomalies  of,  vi.  61 

nasi,  anomalies  of,  vi.  43 
pyriformis,  anomalies  of,  vi.  56 
quadratus  femoris,  vii.  738 
anomalies  of,  vi.  56 
lumborum,  anomalies  of,  vi. 
61 

548 


Sluscle  or  muscles,  quadriceps  ex- 
tensor, anomalies  of,  vi.  57 
accessory  head  to,  vi.  57 
quadrigeminus  capitis,  vi.  44 
radio-carpus,  vi.  54 
rectus  abdominis,  i.  4 
anomalies  of,  vi.  61 
diastasis  of,  iv.  681 
rectus    capitis    anticus    major, 
anomalies  of,  vi.  48 
capitis  anticus  minor,  anom- 
alies of,  vi.  48 
capitis    posticus    minor, 

anomalies  of,  vi.  60 
externus,  anomalies  of,   vi. 

43 
femoris,  vii.  738 
sternalis,  vi.  49 
thoracis,  vi.  60 
regeneration,  vi.  39,  39 
red  and  pale,  vi.  18 
retrahens  aurem,  i.  638 
anomalies  of,  vi.  43 
rhombo-atloid,  vi.  48,  60 
rhomboideus  major  and  minor, 

anomalies  of,  vi.  48 
rhombo-occipital,  vi.  48 
risorius,  anomalies  of,  vi.  43 
rotatory,  short,   of  neck,  anom- 
alies of,  vi.  60 
sacro-coccygeus  anticus,  vi.  63 

posticus,  vi.  60 
sacro-lumbalis,  anomalies  of,  vi. 

60 
sartorius,  vii.  737 

anomalies  of,  vi.  57 
scalenus  anticus,   anomalies  of, 
vi.  47 
medius,  anomalies  of,  vi.  47 
minimus,  vi.  47 
posticus,  anomalies  of,  vi.  47 
scansorius,  vi.  56 
scapulo-costalis  minor,  vi.  50 
semimembranosus,  vii.  740 

anomalies  of,  vi.  56 
semitendinosus,  vii.  740 
anomalies  of,  vi.  56 
sense,  vii.  220 

serratus  magnus,  anomalies  of, 
vi.  51 
posticus  inferior,  anomalies 

of,  vi.  60 
posticus  superior,  anomalies 
of,  vi.  60 
skeletal,  vi,  11 
smooth,  vi.  20 ;  see  also  Muscular 

tissue,  unstriated 
soleus,  V.  480 

anomalies  of,  vi.  58 
spheno-pharyngeus,  vi.  47 
spinalis  cervicis,   anomalies  of, 
vi.  60 
dorsi,  anomalies  of,  vi.  60 
splenius  accessorius,  vi.  60 

anomalies  of,  vi.  60 
stapedius,  i.  619 
stei'nalis,  vi.  49 

brutorum,  vi.  49 
sterno-chondro-scapular,  vi.  50 
sterno-clavicularis   anterior,    vi. 

50 
sterno-cleido-mastoid,  anomalies 

of,  vi.  44 
sterno  -  cleido-mastoideo  -  occipi- 
talis, vi.  44 
sterno-fascialis,  vi.  45 
sternohyoid,  anomalies  of,  vi.  44 
sterno-occipital,  vi.  44 


Sluscle  or  muscles,  sterno-thyroid, 
V.  409 
anomalies  of,  vi.  45 
striated,  vi.  11 
stylo-auricularis,  vi.  47 
stylo-chondrohyoid,  vi.  46 
stylo-glossus,  anomalies  of,  vi.  47 
stylo-hyoid,  anomalies  of,  vi.  46 
stylo-hyoideus  alter,  vi.  46 
stylo-hyo-thyroideus,  vi.  46 
stylo-pharyngeus,  anomalies  of, 

'vi.  47 
subanconeus,  vi.  53 
subclavius,  anomalies  of,  vi.  50 

posticus,  vi.  50 
subcrureus,  anomalies  of,  vi.  57 
subscapularis,  anomalies  of,  vi. 
51 
minor,  vi.  51 
subscapulo-capsularis,  vi.  51 
subvertebral  rectus,  vi.  61 
superficial  iliacus,  anomalies  of, 
vi.  56 
transversus  pedis,  vi.  60 
superior  constrictor  of  the  phar- 
ynx, anomalies  of,  vi.  47 
supernumerary  of  pharynx,  vl. 

47 
supinator  brevis,  iv.  343 

anomalies  of,  vl.  54 
longus,  iv.  341 

anomalies  of,  vi.  54 
supraclavicular,  vi.  44 
supracostalis,  vi.  60 
supraspinatus,  anomalies  of,  vi. 

51 
syndesmopharyngeus,  vi.  47 
syphilitic  diseases  of  the,  vi.  33 
temporal,  anomalies  of,  vi.  43 
temporalis  minor,  vi.  43 
tensor  fascise  plantaris,  vi.  58 
palati,  viii.  107 
trochleee,  vi.  43 
tympani,  i.  619 
vaginas  femoris,  vii.  737 
anomalies  of,  vi.  56 
teres  major,  anomalies  of,  vi.  51 

minor,  anomalies  of,  vi.  51 
thenar,  iv.  485 
thyro-arytenoid,  v.  409 
thyrohyoid,  v.  409 

anomalies  of,  vi.  45 
tibialis  anticus,  anomalies  of,  vi. 
57 
posticus,  anomalies  of,  vi.  59 
secundus,  vi.  59 
tibio-accessorius,  vi.  58 
tibio-astragalus  anticus,  vi.  67 
tibio-fascialis  anticus,  vi.  57 
tragicus,  i.  638 
transversalis  abdominis,  i.  4  ' 
anomalies  of,  vi.  61 
cervicis  anticus,  vi.  48 
cervicis  medius,  vi.  47 
transversus  auriculis,  i.  638 
menti,  vi.  43 
nuchae,  vi.  44 
orbitse,  vi.  43 
pedis,  anomalies  of,  vi.  60 
pedis  superflcialis,  vi.  60 
perinffii,  anomalies  of,  vi.  63 
trapezius,  anomalies  of,  vi.  48 
triangularis  menti,  anomalies  of, 
vi.  43 
sterni,  anomalies  of,  vi.  60 
triceps,  i.  453;  iii.  736 

extensor    cubiti,    anomalies 
of,  vi.  53 
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Muscle  or  muscles, 
inyopla. 


Huscle  or  muscles,  tritico-glossus, 
vi.  47 
tuberculous  inflammation  of,  vi. 

33 
tumors  of,  vi.  39,  74;  and  see 

Myoma 
ulnaris  quinti,  vi.  54 
ulno-carpus,  vi.  54 
vasti,  anomalies  of,  vi.  57 
vastus  externus,  vii.  738 
internus,  vii.  738 
medius,  ii.  738 
voluntary,  vi.  11 
vrounds  of,  vi.  38 
zygomaticus    major,    anomalies 
of,  vi.  43 
minor,  anomalies  of,  vi.  43 
]ffuscle-cases,  vi.  17 
Xluscle-coluinns,  vi.  18 
Iffluscle-compartment,  vi.  17 
Muscle-extract,  vi.  417 
muscle-plates,  vi.  33 
IVEuscle-spindles,  vi.  19 
Muscular  atrophies,  electrothera- 
peutics in,  iii.  760 
Muscular      atrophies,     progres- 
sive, vi.  63 
classification,  vi.  63 
distal,  vi.  63 
Erb's  juvenile,  vi.  63 
facio-scapulo-liumeral,  vi.  63 
Landouzy-Dejerine's,  vi.  63 
pseudohypertrophic,  vi.  62 
scapulohumeral,  vi.  63 
spinal  progressive,  vi.  64 
liereditary,  vi.  66 
leg  type,  vi.  66 
neuritic  type,  vi.  66 
Muscular   dystrophies,   kyphosis 

in,  V.  378 
Muscular  iibres,  cellular  origin  of, 
vi.  33 
contraction  of,  iii.  373 
Muscular  paralysis  from  lead,  v. 

473 
Muscular  power  of  hand,  iii.  565 

table  of,  iii.  565 
Muscular  relaxation  as  a  sign  of 

death,  ii.  535 
Muscular  sense,  i.  883;  vii.  119 
function     of,     in     maintaining 
equilibrium,  iii.  858 
Muscular  tension  in  appendicitis, 
i.  433 
tissue,  vi.  10 

action  of  polarized  light  on 
sarcous  elements  of,  vi.  17 
cardiac,  vi.  19 
changes  in  the  nerve  endings 

of,  vi.  30 
circulatory  disturbances  in, 

vi.  36 
coagulation  of,  iii.  153 
degenerations  of,  vi.  38 
histogenesis  of,  vi.  33 
histology  of,  vi.  10 
methods  of  examining,  vi. 

25 
pathology  of,  vi.  36 
post-mortem  rigidity  of,  iii. 

153 
regeneration    of  voluntary, 

vi.  29 
retrogressive  changes  in,  vi. 

37 
rigor  mortis  in,  iii.  153 
skeletal,  vi.  11 
smooth,  vi.  30 
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Muscular  tissue,  striated,  vi.  11 

tumors,  of,  vi.  39,  74;  and 

see  Myoma 
unstriated,  vi.  30 
varieties  of,  vi.  10 
Musculi  papillares,  iv.  569,  570 
Musculi  pectinati,  iv.  568 
Musculo-spiral  nerve,  injury  of, 
i.  473 
paralysis  of,  i.  471 
Musculus  anomalus,  vi.  43 
Mushrooms,  iv.  382,  385 
Music,  differentiated  from  noise,  i. 
614 
value    of,    in    military    life,   v. 
817 
Musk,  vi.  67 

as  a  cardiac  stimulant,  ii.  696 
as  an  antispasmodic,  i.  387 
China,  vi.  67 
pods,  vi.  67 
Siberian,  vi.  67 
Tonquin,  vi.  67 
Musk-deer,  vi.  67 
Muskroot,  vii.  563 
Mussels,  poisoning  by,  iv.  189 
Mustard,  vi.  67 

action  and  use,  vi.  68 
administration,  vi.  68 
as  an  emetic,  iii.  812 
black,  vi.  67,  68 
composition,  vi.  68 
oil  of,  vi.  68 
white,  vi.  67,  68 
Mustard  paper,  vi.  68 
Mutes,  iii.  362 

Mutilation  and  heredity,  iv.  663 
Mutillidse,  v.  167 
Mutterkorn,  iv.  1 
Myalgia,  vi.  38,  968 
among  troops,  ii.  616 
in  neurasthenia,  vi.  250 
of  upper  extremities,  i.  465 
Myasthenia  gravis  pseudopara- 
lytica,  viii.  627 
due  to  auto-intoxication,  i.  644 
Mycosis  fungoides,  vi.  69 
Mycosis  intestinalis,  i.  365 
Mycosis,  pharyngeal,  vi.  599 
Mydalein,  ptomain,  vi.  786 
Mydatoxin,  ptomain,  vi.  787 
Mydin,  ptomain,  vi.  785 
Mydriasis,  i.  59 
Mydriatic  alkaloids,  i.  610 
Mydriatics,  vi.  70 
action,  vi.  70 
dangers,  vi.  71 
effect  of  overdose,  i.  59 
hyoscine  as,  iv.  795 
list,  vi.  70 
uses,  vi.  71 
Mydrin,  vi.  71 
Myel  =  spinal  cord,  ii.  137 
Myelsemia,  v.  497 ;  and  see  Leukm- 

mia,  myelogenous 
Myelencephalon,  ii.  154 
Myelitis,  vii.  353 

acute  transverse,  vii.  354 

pathological   anatomy,   vii. 
357 
causing  paralysis,  vi.  497 
chronic,  vii.  356 

patliological   anatomy,   vii. 
358 
clinical  history,  vii.  354 
compression,  vii.  356 
diagnosis,  vii.  358 
disseminated,  vii.  356 


Myelitis,    disseminated,  pathologi- 
cal anatomy,  vii.  358 
etiology,  vii.  353 
pathological  anatomy,  vii.  357 
prognosis,  vii.  359 
purulent,  vii.  356 

pathological    anatomy,   vii. 
358 
treatment,  vii.  360 
varieties,  vii.  354 
Myelocystocele,  vii.  288 
Myelocystomeningocele,  vii.  288, 

280 
Myelocytes,  v.  491 
Myeloma,  vi.  71 ;  vii.  37,  907 
Myelomeningocele,  vii.  287 
Myelopathies,  vi.  64 
Myeloplaques,  ii.  20 
Mygale  hentzii,  v.  159 

rileyi,  v.  159 
Myiasis  narium,  vi.  143 
Mylabris,  ii.  653 

chiccorii,  ii.  653 
Mylo-hyoid  muscle,  anomalies  of, 

vi.  47 
Myocarditis,  iv.  593 

acute  interstitial,  iv.  593 
gonorrhajal,  viii.  536 
syphilitic,  iv.  601 ;  vii.  634 
Myocardium,    fragmentation,    iv. 
593 
inflammation  of,  iv.  593 
parenchymatous      degeneration 

of,  iv.  593 
segmentation,  iv.  593 
Myoclonia,  vi,  492 
Myoclonus  multiplex,  vi.  492 
Myodesopsia,  viii.  267 
Myodynamometer,  DOnhofl's,  iii. 

564 
Myo-fibro-sarcomaof  the  orbit,  iv. 

115 
Myolemma,  vi.  15 
Myolipoma,  viii  568 
Myoma,  vi.  39,  74 
cavernous,  vi.  76 
etiology,  vi.  75 
gross  appearances,  vi.  75 
histology,  vi.  74 
lievicellulare,  vi.  74 
nature,  vi.  75 

of  the  bladder,  i.  769,  792;  vi.  76 
of  the  broad  ligaments,  vi.  76 
of  the  ciliary  body,  iv.  110 
of  the  digestive  tract,  vi.  76 
of  the  Fallopian  tubes,  iv.  138 
of  the  kidnev,  vi.  77 
of  the  orbit,'iv.  115 
of  the  ovary,  vi.  436 
of  the  prostate,  vi.  76,  770^^ 
of  the  round  ligaments,  viii.  98 
of  the  skin,  vi.  76 
of  the  urethra,  vi.  76 
of  the  uterus,  vi.  75;  viii.  96 
of  the  veins,  vi.  77 ;  viii.  318 
origin,  vi.  75 
seats,  vi.  75 
telangiectatic,  vi.  76 
Myomalacia  cordis,  iv.  579 
Myopathies,  vi.  62 
diagnosis,  vi.  64 
pathology  and  morbid  anatomy, 

vi.  64 
prognosis,  vi.  64 
treatment,  vi.  64 
types,  vi.  62 
Myopia,  i.  57;  vi.  77 

a  cause  of  blindness,  ii.  10 
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Myopia,  as  related  to  age,  vi.  80 

causes,  vi.  83 

classitication,  vi.  81 

concave  glasses  iu,  vi.  83 

distribution,  vi.  80 

fundus  of  the  eye  iu,  vi.  373 

increase  of,  ii.  10 

in  school  children,  vi.  84 

operations  for,  vi.  83 

ophthalmoscopic     appearances, 
vi.  81 

origin  and  development  of,  vi.  80 

pathological  anatomy,  vi.  83 

prevention  and  control  of,  vi.  84 

progressive,  vi.  81 

removal  of  crystalline  lens  for, 
vi.  83 

stationary,  vi.  81 

treatment,  vi.  83 
Myosin  ferment,  iii.  843 
Myositis,  actinomycotic,  vi.  33 

acute  interstitial,  or  productive, 
vi.  31 

acute  parenchymatous,  vi.  31 

chronic,  vi.  31 

gonorrhoea!,  vi.  33 

gummatous,  i.  466 

ischsemic  of  hand,  iv.  537 

leprous,  vi.  33 

of  the  hand,  iv.  538 

ossificans,  vi.  33 

ossificans  limitata,  vi.  35 

ossificans    progressiva,   ii.    550; 
vi.  33 
course,  vi.  34 
etiology,  vi.  34 
prognosis,  vi.  35 
treatment,  vi.  35 

rheumatic,  vi.  968 

syphilitic,  i.  466;  vi.  33 

tuberculous,  vi.  33 
Myotatic  contraction,  see  KTiee- 

jerk.  V.  363 
Myotics,  vi.  70 

action,  vi.  71 

uses,  vi.  71 
Myotonia  congenita,  vi.  38 

due  to  auto-intoxication,  i.  644 

the  hand  in,  iv.  533 
Myotonia  neonatorum,  vi.  380 
Myrcia  acris,  i.  737 

cerifera,  i.  737 
Myriametre,  viii.  399 
Myricin,  viii.  394 
Myrifica,  i.  737 

cerifera,  i.  737 
Myringomycosis    aspergillus  in 

external  auditory  canal,  iii.  615 
Myriopoda,  v.  160 
Myriostoma  coliforme,  iv.  285 
Myristica,  vi.  307 

fatua,  vi.  307 

fragrans,  v.  670;  vi.  807 

Malabarica,  v.  670 
Myristicol,  vi.  307 
Myristicin,  vi.  307 
Myristin,  vi.  307 
Myronate  of  potassium,  vi.  68 
Myronin,  vi.  85 
Myrosin,  vi.  68 

an  enzyme,  iii.  848 
Myrrh,  vi,  85 

Bissabul,  vi.  85 

drossy,  vi.  85 

gum,  vi.  85 

Herabol,  vi.  85 

Somali,  vi.  85 

Turkish,  vi.  85 
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Myrrha,  vi.  85 
Myrrhis  odorata,  iv.  148 
Myrrhol,  vi.  85 
Myrrholin,  vi.  85 
Myrtle,  wax,  i.  737 
Myrtol,  vi.  86 
Myrtus  communis,  vi.  86 
Mysophobia,  v.  133 
Mytilitoxin,  ptomal'n,  vi.  787 
,  Mytilotoxismus,  iv.  189 
Myxadenitis  labialis,  ii.  803 
Myxoangiosarcoma    of    peritone- 
um, vi.  570 
Myxo-cliondroma,  vi.  88 
Myxococcidium,  viii.  543 

stegomyise,  viii.  543 
Myxoedema,  vi.  86,   373,  409;  and 
see  Insimity,  myxadematous,  v. 
143 

diagnosed   from  acromegaly,  i. 
95 

in  childhood,  vi.  87 

operative,  vi.  86,  409 

progress  of  disease,  vi.  87 

relation  of  cretinism  to,  iv.  391 

symptoms,  vi.  87 

the  hand  in,  iv.  500 

treatment,  vi.  86 
Myxoglioma,  iv.  371 
Myxolipoma,  vi!  88;  viii.  568 
Myxoma,  vi.  87:  vii.  907 

cartilagineum,  vi.  88 

cystoides,  vi.  88 

flbrosum,  vi.  88 

hyalinum,  vi.  88 

lipomatodes,  vi.  88 

medullare,  vi.  88 

of  the  bladder,  i.  769 

of  the  bones,  vi.  89 

of  the  breast,  vi.  89 

of  the  chorion,  vi.  88 

of  the  glands,  vi.  89 

of  the  heart,  iv.  594 

of  the  kidney,  v.  323 

of  the  lachrymal  gland,  iv.  115 

of  the  larynx,  v.  433 

of  the  oesophagus,  vi.  344 

of  the  optic  nerve,  iv.  113 

of  the  parotid  gland,  vi.  511 

of  the  periosteum,  vi.  569 

of  the  valves  of  the  heart,  iv.  594 

telangiectoides,  vi.  88 
Myxomatous    degeneration,    iii. 

395 
Myxosarcoma,  vii.  33,  907 

of  the  lachrymal  glands,  iv.  116 

of  the  omentum,  vi.  360 

of  the  orbit,  iv.  115 

Nabidae,  v.  163 
Naevus,  vi.  89 

araneus,  vi.  90 

capillary,  vi.  90 

carcinoma  from,  ii.  683 

cavernosus,  vi.  90 

congenital,  vi.  90 

fibromatosus,  vi.  90 

foliaceus,  vi.  90 

linearis,  vi.  90 

lipomatodes,  vi.  90 

lupus,  i.  353 

mollusciformis,  vi.  90 

neuroticus,  vi.  90 

of  the  auricle,  iii.  666 

of  the  eyelids,  iv.  128 

pigmentosus,  vi.  90 

pilaris,  vi.  90 

pilosus,  vi,  90 


Naevus  sanguineus,  vi.  90 

sarcomatodes,  vi.  90 

spider,  vi.  90 

treatment,  vi.  91 

unius  lateris,  vi.  90 

vascularis,  vi.  90 

vasculosus,  i.  350 

venosus,  vi.  90 

verrucosus,  vi.  90 
Naftalan,  vi.  93 
Nails,  vi.  93;  viii.  683 

anatomy  of,  vi.  93;  viii.  683 

diseases  of  the,  iv.  510;  vi.  93; 
and  see  Onychia  and  Parony- 
chia 

eczema  of  the,  iii.  737 

favus  of,  vi.  94 ;  vii.  781 

felon  of,  vi.  94 

inflammatory  conditions  of,  iv. 
510 

ingrown,  v.  18;  vi.  93 

in  psoriasis,  vi.  95 

localized  affections  of,  vi.  93 

parasitic  diseases  of,  iv.  511 ;  vi. 
94;  vii.  783 

symptomatic  pathological  in- 
volvement of,  vi.  93 

syphilitic  affection  of,  vi.  95;  vii. 
617 

trauma  of,  vi.  94 

tumors  under  the,  vi.  98 
Nanocephalus,  vii.  698 
Nanosomia,  viii.  474 
Nantucket,  vi.  97 
Napa  Soda  Springs,  vi.  99 
Nape  of  neck,  vi.  193,  199 
Napellus,  i.  83 
Naphtha  wood,  v.  780 
Naphthalene,  vi.  100 
Naphthalin,  vi.  100 
Naphthopyrin,  i.  379 
Naphtoformin,  iv.  346;  vi.  100 
Naphto-cresol,  vi.  100 
Naphtol,  vi.  100 
Naphtol-aristol,  iii.  479;  v.  209 
Naphtol  benzoate,  see  Bemo-naph- 

tol 

Naphtol  bismuth,  vi.  101 
Naphtol  carbonate,  vi.  101 
Naple's  universal  clamp,  iv.  714 
Narceine,  vi.  385,  386 
Narcosis,  in  mastoid  operations,  v. 
703 

medullary,  in  obstetrics,  v.  388 
Narcotics,  poisons,  vi.  691 
Narcotine,  vi.  101 

tests  for,  vi.  391 
Nard  grass,  iii.  126 
Nares,  occlusion  of,  congenital,  vi. 
133 

plugging  of,  vi.  138 
Nariugin,  iii.  137 
Nasal  bones,  fracture  and  disloca- 
tion of.  vi.  133 
Nasal  catarrh,  acute,  vi.  109 
Nasal    cavities,  vi.  101;   and  see 

abscess  of  septum,  vi.  109 
accessory,  vi.  104 
actinomycosis,  vi.  109 
acute    inflammations,    vi.    109; 

and  see  Uhinitis 
anatomical  relations,  vi.  101 
anatomy  of,  vi.  103 
chronic  catarrh  of,  vi.  114;  and 

see  Rhinitis 
deformities  of,  vi.  132 
dermq,toid  cysts  of,  vi.  132 
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Nasal  cavities,  diseases  of,  vi.  109 
examination  of,  vi.  106;  and  see 

Rhinoscopy 
flstulse  of,  vi.  124 
glanders  of,  vi.  126 
hemorrhage  from,  vi.   127;  and 

see  Epistaxis 
lepros3'  of,  vi.  128 
medication  of  the,  v.  733 
mucous  polypi  of,  vi.  129 
neuroses  of,  vi.  131 
new  growtlis  of,  vi.  138 
parasites  of,  vi.  142 
pseudoparasites  of,  vi.  142 
reflex  neuroses  of,  vi.  131 
rhinoscleroma  of,  vi,  143 
sinus  affections  of,  vi.  144 
synechise  of,  vi.  124 
syphilis  of,  vi.  148 
tuberculosis  of,  vi.  149 
tumors  of,  vi.  138 
Nasal  diphtheria,  vi.  112 
Nasal  douche,  v.  733 
Nasal  duct,  measurements  of,  viii. 
240 
stricture  of,  v.  397 
Nasal  fossae,  spaces  in  connection 

with,  vii.  233 
Nasal  index,  vii.  330 
Nasal  mucous  polypi,  vi.  129 
Nasal  neuroses,  vi.  13l 
Nasal  septum,  abscess  of,  vi.  109 
deviations  of,  vi.  125 

operations  for,  vi.  125 
outgrowths  from,  vi.  125 
perforation  of,  vi.  125 
perichondritis  of,  vi.  113 
Nasal  sinuses,   affections    of,    vi. 

144 
Nasion,  vii,  229 
Nasmyth's  membrane,  vii.  650 
Nasopharynx,  atfections  of,  cause 
of  headache,  iv.  549 
in  ear  diseases,  iii.  663 
spaces  in  connection  with,  vii. 
233 
Nasrol,  vi.  149 
Nassau,  vi.  149 

Nasturtium  armoracia,  Iv.  737 
Natal  sore,  i.  170 
National  formulary,  vi.  587 
Nationality  and  insanity,  v.  30 
"  Natural  selection,"  iv.  22 
Nauheim,  vi.  151 
Nauheim  method  of  treatment  in 

heart  disease,  iv.  610 
Naupathia,  vii.  82 ;  see  Sea-sickness. 
Nausea  following  anaesthesia,  iii.  34 

sensation  of,  vii.  121 
Naval  hygiene,  vi.  154 
rations,  vi.  171 
recruiting,  vi.  180 
ventilation,  vi.  155 
water  supply,  vi.  168 
Naval  medical  department,   vi. 

185  .   ^„^ 

Naval  medical  oflacers,  vi.  185 
appointment,  vi.  185 
compensation,  vi.  185 
duties,  vi.  186 
examinations  for,  vi.  185 
Naval  medical  service,  vi.  185 
Navel,  see  Umbilicus 
Navy,  recruiting  for,  vi.  180 

requirements  for  enlistment  in, 
vi.  184 
Neapolitan  fever,  v.  685 
jNear  point,  vi.  78 


Near-sightedness,  see  Myopia,  vi. 

77 
Nebraska,  requirement  for  medical 

practice  in,  iv.  48 
Nebringer-Praun  method  of  treat- 
ing sinusitis,  iv.  274 
Neck,  abscess  in,  vi.  193 

anatomical  definition  of,  vi.  189 
anatomy  of,  in  relation  to  trach- 
eotomy, vii.  836 
aneurism  at  the  root  of,  vi.  194 
anomalies  of  muscles  of,  vi.  43 
anterior  region  of,  vi.  189 
arteries  of  the,  vi.  193 
bony  points  in,  v.  189 
branchial  flstulse  and  cysts,  vi. 

200 
bursse  of,  ii.  523 
Derbyshire,    iv.    376;   and    see 

Ooitre 
emphysema  of  the,  viii.  430 
enlarged  glands  of,  removal  of, 

V.  669 
examination  of,  in  medico-legal 

autopsy,  i.  659 
fascia  of  the,  vi.  192 
gangrenous  induration    of,    vi. 

593 
hygroma  of,  iv.  794 
inflammation  of  glands  and  con- 
nective tissue  of  the,  in  scarlet 
fever,  vii.  55 
injuries  to,  a  cause  of  death,  i. 

670 
lateral  region  of,  vi.  190 
lymphangioma  of,  i.  353 
lymphatic  glands  of  the,  v.  680; 
vi.  198 
vessels  of,  v.  630 
malformation  of,  vii.  699 
nape  of  the,  vi.  192, 199 
phlegmon  of,  vi.  614 
pus  in,  vi.  192 
regions  of  the,  vi.  189 
rotatory  muscles  of,   anomalies 

of,  vi.  60 
section  of,  in  new-born,  vi.  275 
surface  anatomy  of,  vi.  189 
marking  of  arteries,  yi.  191 
marking  of  nerves,  vi.  191 
marking  of  veins,  yi.  191 
surgical  anatomy  of,  vi.  189 
topographical    anatomy  of,   vi. 

192 
triangles  of,  vi.  189 
tumors  of  the,  vi.  200 
veins  of  the,  vi.  196 

anomalies  of,  viii.  202 
Necrobiosis,  vi.  201 

of  the  neurone,  vi.  260 
Necropsy,  i.  649 ;  and  see  Autopsies 
Necrosis,  vi.  201 
caseation,  vi.  204 
causes  of,  vi.  203 
central,  vi.  205 
coagulation,  vi.  203 
croupous,  vi.  203 
diphtheritic,  vi.  203 
direct,  vi.  201 
fat,  vi.  205 
focal,  vi.  204 
in  carcinoma,  ii.  677 
indirect,  vi.  201 
karyolysis  in,  v.  301 
karyprrhexis  in,  v.  301 
labyrinthine,  iii.  603 
liquefaction,  vi.  303 
membranous,  vi.  203 


Necrosis,  nuimmiflcation,  vi.  204 
of  muscles,  vi.  28 
of  the  adrenals,  vii.  567 
of  the  chorionic  villi,  iii.  53,  56 
of  the  decidua,  iii.  389 
of  the  jaws,  v.  254 

dependent  upon   phosphor- 
us, vi.  423,  625 
of  the  neurone,  vi.  360 
of  the  oesophagus,  vi.  339 
of  the  omentum,  vi.  859 
of  the  orbit,  vi,  400 
of  the  pancreas,  vi,  473 
of  the  pituitary  gland,  vi.  640 
of  the  placenta,  vi,  651 
pathology  of,  vi.  201 
phosphorus,  vi.  423,  625 
senile,  vi.  202 
sequelae  of,  vi.  205 
simple,  vi.  202 
varieties  of,  vi,  203 
Zenker's,  vi.  28,  303 
Necrotomy,  osteoplastic,  vi.  423 
Nectandra,  i  753 

as  an  antiperiodic,  i.  378 
cortex  of,  i.  753 
rodiaei,  1.  753 
Nectandrine,  i.  753 
Needle  holders,  viii.  172 
Needles,  viii.  172 

hypodermatic,  iv.  819 
' '  Needling  "  in  aneurism,  i.  333 
Negri's  bodies,  viii.  641 
staining  of,  viii.  439 
Negro  lethargy,  vii.  242 
Nelaton's  line,  iv.  690 

method  of  resection  of  superior 
maxilla,  vi.  943 
Nemanthelminthes,  vi.  205 
Nematoda,  vi,  305 
Nematospermia,  vii.  279 
Nencki  and  Sieber's  test  for  uro- 
bilin, viii.  51 
Nencki's  base,  ptoraain,  vi.  785 
Neoplasms, vii.  903;  and  see  Tumors 
Nepeta  cataria,  ii.  755 
Nephralgia,  v.  361 
Nephrectomy,  v.  356 
Nephritis,  v.  330 
acute,  V.  331 

course  and  prognosis,  v.  335 
degenerative,  v.  331 
diagnosis,  v.  335 
diet  in,  iii.  4.59 
difl:use,  V.  332 
etiology,  v.  331 
glomerular,  v.  332 
hemorrhagic,  v.  332 
lymphouiatous,  v.  338 
parenchymatous,  v.  333 
pathogenesis,  v.  331 
pathology  of,  v.  381 
prophylaxis,  v.  336 
symptoms,  v.  383 
toxic,  V.  381 
treatment,  v.  886 
tubular,  v,  883 
arteriosclerotic,  v,  340 
Nephritis,  chronic,  v.  387 
diffuse  indurative,  v.  389 
course,  v.  343 
diagnosis,  v,  342 
etiology,  v,  339 
pathogenesis,  v.  339 
pathology,  v.  340 
prognosis,  v.  343 
symptoms,  v.  341 
treatment,  v.  348 
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Nephritis,  clironic,  diffuse  non-in- 
duralive.  v.  337 
course,  v.  339 
diagnosis,  v.  339 
etiology,  v.  337 
pathogenesis,  v.  337 
patliology,  V.  337 
prognosis,  v.  339 
symptoms,  v.  338 
treatment,  v.  339 
diet  in,  iii.  460 
glomerular,  v.  338 
interstitial,  v.  339 
primary,  v.  340 
secondary,  v.  339,  340 
Nephritis,  classification,  v.  330 
degenerative,  v.  331 
diet  in,  iii.  459 
dyspnoea  in,  iii.  580 
liistory,  v.  330 
scarlatina,  vii.  53 
Nephrolytic  serum,  viii.  539 
Nephropexy,  v.  357 
Nephrorrhaphy,  v.  357 
Nephrotomy,  v.  356 
Nepidse,  v.  160 

Nerve,  or  Nerves,  abducens,  iii.  324 
acoustic,   i.   631,   627,  631;    see 

also  Auditory  nerve 
action  of  anaesthetics  on,  vi.  232 

of  curare  on,  iii,  339 
anterior  crural,  vii.  740 
interosseous,  iv.  243 
tibial,  V.  479 
auditory,  i.  631,  637,  631 
auricular,  vi.  191 
axis-cylinder  of,  vi.  336,  233 
cardiac  sympathetic,    vii.    576, 

585 
cells,  vi.  333 

chemistry  of,  ii.  226 ;  vi.  236 
chorda  tympani,  iii.  333 

folds  of  drum  membrane  en- 
closing, iii.  584 
ciliary,  iv.  73 
cochlear,  1.  633 
components,  iii.  312 
table  of,  iii.  315 
conductivity  of,  vi.  239 
constrictions  of  Ranvier,  vi.  237 
cranial,  iii.  312 

branchiomeric   type    of,  iii. 

318 
doctrine  of    nerve    compo- 
nents, iii.  313 
eighth,  i.  627 
eleventh,  iii.  318 
fifth,  iii.  333 
first,  vi.  349 
fourth,  iii.  335 
ninth,  iii.  318 

of  Willis,  iv.  833 
oculomotor  type,  iii.  334 
phylogeny  and  embryology, 

iii.  316 
second,  iv.  79 
seventh,  iii.  331 
sixth,  iii.  324 
spinal  type  of,  iii.  318 
table  of  nerve  components 

iii.  815 
tenth,  iii.  318 
third,  iii.  335 
twelfth,  iii.  38;  iv.  833 
vvounds  of,  iv.  561 
crosses  of  Ranvier,  vi.  337 
cutaneous,  of  the  thigh,  vii.  736 
degeneration  of,  vi.  263 


Nerve,   or    Nerves,   depressor,   of 

("yon,  iii.  118 
effect  of  electrical  currents  in,  iii. 

767 ;  and  see  Electrotonits 
eighth,  i.  637 
electrical  phenomena  of,  vi.  330 

stimulation  of,  vi.  338 
electrotonus,  iii.  774;  vi.  330 
eleventh,  iii.  318 
embryology,  iii.  316 
end  bulbs  of,  iii.  833 
excitability  of,  vi.  336,  329 
external  cutaneous,  i.  454 
facial,  iii.  331 
fibres,  vi.  236 

of  Remak,  vi.  337 
fifth,  iii.  333 
first,  vi.  349 
fourth,  iii.  335 
ganglia,  vii.  579 
general  physiology  of,  vi.  325 
glosso-pharyngeal,  iii.  318 
great  auricular,  surface  marking 
of,  vi.  191 
sciatic,  vii.  740 
histology  of,  vi.'  325,  233 
hypoglossal,  iii.  318;  iv.  828 
indefatigability  of,  vi.  231 
influence  of  temperature  upon, 

vi.  229 
intercostals,  vii.  752 
internal  cutaneous,  i.  453 

respiratory,  of  Bell,  vi.  680 
irritability  of,  iii.  767 
Krause's  end  bulbs,  iii.  822;  viii. 

563 
law  of  contraction,  iii.  771 
lesser  internal  cutaneous,  i.  454 
occipital,   surface    marking 
of,  vi.  191 
median,  at  the  elbow,  iii.  736 
iu  the  arm,  i.  453 
in  the  forearm,  iii.  736;  Iv. 

343 
paralysis  of,  iv.  530 
medullary  sheatli,  vi.  337 
meduUated  fibres,  vi.  336 
Meissner's  corpuscles,  viii.  560 
metabolism  of,  vi.  231 
morphology,  vi.  333 
motor  and  trophic,  differentiated 

by  calorimetr}',  ii.  568 
motor  oculi  communis,  iii.  325 
musculo-cutaneous,  i.  453 
musculo-spiral,  i.  453;  iii.  736; 

iv.  243 
negative  variation  of,  vi.  330 
ninth,  iii.  318 

non-medullated  fibres,  vi.  337 
obturator,  vii.  740 
oculomotor,  iii.  325 
of  accommodation,  iv.  95 
of  cardiac  muscle,  vi.  20 
of  muscular  tissue,  vi.  18,  20,  23 
of  respiration,  vi.  951 
of  striated  muscle,  vi.  18 
of  taste,  vii.  641 
of  the  abdominal  wall,  i.  5 
of  the  arm,  i.  458 
of  the  brachial  plexus,  vii.  309 
of  the  bronchi,  ii.  489 
of  the  foot,  iv.  197 
of  the  forearm,  iv.  348 
of  the  hand,  iv.  485 
of  the  heart,  iv.  595 ;  v.  30,  33 
of  the  iris,  iv.  95 
of  the  kidney,  v.  315 
of  the  knee-joint,  v.  370 


Ner^e,  or  Nerves,  of  the  larynx,  v. 
410 

of  the  lungs,  v.  585 

of  the  mamma,  ii.  470 

of  the  neck,  vi.  191 

of  the  nose,  vi.  106 

of  the  palm  of  the  hand,  iv.  487 

of  the  skin,  viii.  681 

of  the  spleen,  vii,  434 

of  the  thorax,  vii  751 

of  the  uterus,  vii.  579 

of  the  vagina,  vii.  579 

of   unstriated  muscular  tissue, 
vi.  23 

of  Wrisberg,  in  the  arm,  i.  454 

olfactory,  vi.  349 

optic,  iv.  79;  see  also  Optic  nerve 

Pacinian     corpuscles,    iii.    833; 
viii.  561 

pathetic,  iii.  334 

pharyngeal,  vii.  576 

phrenic,  vi.  630;  vii.  753 

surface  marking  of,  vi.  191 

phylogeny,  iii.  316 

physiology  of,  vi.  225 

pilomotor,  vii.  587 

pneumogastric,  iii.  318;  vii.  751 

posterior    interosseous,    in    the 
forearm,  iv.  243 

Purkinje  cell,  vi.  334 

radial,  iv.  243 

Ranvier's  tactile  discs,  viii.  563 

regeneration  of,  vi.  365 

second,  iv.  79 

seventh,  iii.  331 

sciatic,  vii.  740 

sheath  of  Schwann,  vi.  336 

sixth,  iii.  324 

spinal  accessory,  iii.  318 

surface  markings  of,  vi.  191 

splanchnic,  vii.  577 

stimulation  of,  vi.  237 

stretching  of,  vi.  345,  247 

structure,  vi.  336 

superficial      cervical,      surface 
marking  of,  vi.  191 
of  the  forearm,  iv.  339 
of  the  thigh,  vii.  736 

supra-acromial,  surface  marking 
of,  vi.  191 

supraclavicular,    surface  mark- 
ing of,  vi.  191 

suprasternal,    surface    marking 
of,  vi.  191 

sympathetic  system,  vii.  573,  753 

tactile  cells  and  corpuscles,  iii. 
833;  viii.  562 

tenth,  iii.  318 

terminations  of,  iii.  823 
in  the  skin,  viii.  563 

third,  iii.  325 

tissue,  histology  of,  vi.  233 

trigeminus,  iii.  323 

trochlear,  iii.  325 

trophic,  a  factor  in  causing  bed- 
sores, i.  740 

twelfth  cranial,  iii.  318 

types  of,  iii.  314 

ulnar,  in  the  arm,  i.  453 
in  the  forearm,  iv.  343 

vagus,  iii.  318;  v.  30 

vaso-motor,  iii.  115 

wounds  of,  cranial,  iv.  561 

Wrisberg's,  i.  454 
Nerve  cells,  vi.  333 

number  of,  at  various  ages,  ii. 
318 

structure  of,  vi,  236 
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Nerve-endings,  iii.  823;  viii.  563 
Nerve  fibres,  vi.  336 
medullated,  vi.  236 
non-medullated,  vi.  237 
Nerve  impulses,  irradiated,  v.  331 
Nerve-muscle     physiology,     see 

Eledrotonns 
Nerve-muscular  activity,   iu   in- 
sanity, v.  57 
Nerve-stretching,    for    neuralgia. 

vi.  345 
Nerve  tissue,  vi.  233 

action  of  cocaine  on,  iii.  157 
cJiemistry  of.  ii.  226;  vi.  236 
Nerve  trunks,  vi.  238 
Nervi,  viii.  585 
Nervine,  iii.  340 

Nervous  affections,  diet  in,  iii.  466 
due  to  auto-intoxication,  i.  644 
of  the  diapliragm,  iii.  436 
Nervous    conditions,    inheritance 

of,  iv.  660 
Nervous  cough,  v.  439 ;  vi.  250 
Nervous  debility,  cold  in,  iii.  194 
Nervous  diseases,  changes  iu  nails 
in,  vi.  96 
climate  suitable  for,  iv,  565 
health  resorts  for,  iv.  565 
joints  affected  in,  v.  265 
organic,  as  subject  of  litigation, 
vi.  339 
caused  by  trauma,  vi.  339 
relation  of  trauma  to,  vi.  338 
Nervous    dyspepsia,  diet    in,   iii. 

457 
:Nervous  eructations,  vii.  502 
Nervous  indigestion,  treatment  of, 

vi.  353 
JTervous  phenomena  at  the  meno- 
pause, ii.  800 
Nervous  prostration,  see  Neuras- 
thenia 
Ifervous  sensibility,  impaired,  in 

insanity,  v.  58 
Jfervous    system,    central,    lym- 
phatics of,  V.  639 
changes  in,  in  myelogenous  leu- 
kaemia, V.  500 
condition  of   the,  in  diphtheria, 

iii.  484 
corpora  amylacea  in,  iii.  338,  396 
cysts  of,  iii.  350 
diseases    of,    occupation    as  an 

etiological  factor  in,  vi.  319 
disorders  of,  in  pregnancy,  iv. 

347 
eflect  of  castration  on,  in  women, 
ii.  715 
of  massage  on,  v.  697,  698 
in  childhood,  ii.  831 
lesions  of,  in  diabetes  mellitus, 

iii.  429 
sympathetic,  vii.  573 
traumatic  affections  of,  vi.  338 
legal   complications  of,  vi. 
338 
INervous  tinnitus,  iii.  603 
Nervous  tissues,  extract  of,  vi.  415 
therapeutics  of,  vi.  416 
histology  of,  ii.  322 :  vi.  225 
Nervous    weakness,   see    Neuras- 
thenia 
Nervousness,  see  Neurasthsnia 

sensation  of,  vii.  121 
Netherlands,  Pharmacopoeia  in,  vi. 

585 
JTeubauer's  method  of  estimating 
oxalic  acid  in   urine,  viii.  38 


Nephritis,  chronic. 
Neuroses. 


Neural  plate,  ii.  368 

tube,  ii.  268 
Neuralgia,  vi.  342 

anterior  crural,  vi.  247 

brachial,  vi.  246 

cervico -brachial,  vi.  246 

diet  in,  iii.  466 

eflect  of  massage  in,  v.  698 

electrotherapeutics  in,  iii.  759 

ilio-lumbar,  vi,  347 

in  diabetic  mellitus,  iii.  439 

in  pregnancy,  iv.  347 

intercostal,  vi.  246 

Morton's,  iv.  311;  and  see  Meta- 
tarsalgia,  anterior 

nerve  stretching  in,  vi.  245,  347 

occipital,  vi.  246 

of  tlie  anus,  i.  405;  vi.  348 

of  the  diapliragm,  iii.  436 

of  the  hand,  iv.  538 

of  the  laclirymal  gland,  v.  394 

of  the  larynx,  v.  428 

of  the  liver,  vi.  248 

of  the  mamma,  ii,  473 

of  tlie  phrenic  nerve,  vi.  631 

of  the  rectum,  vi.  248 

plantar,  iv.  210 

refiex,  vi,  245 

superficial,  vi.  243 

supra -orbital,  vi.  345 

trifacial,  vi.  345 

visceral,  vi.  248 
Neurasthenia,  vi.  249 

acoustic,  hearing  in,  iii.  603 

climate  suitable  for,  iv.  565 

congenital,  v.  130 

cordis,  iv.  597 

course,  vi.  252 

diagnosis,  vi.  253 

diet  in,  iii.  466 

effect  of  "  damages  "  on,  vi.  239 
of  massage  on,  v.  697 

etiology,  vi.  253 

gastrica,  vii.  504 

headache  in,  iv,  548 

health  resorts  foi',  iv.  565 

hydrotherapy  for,  iv.  792 

influence  of  age  and  sex  in.vi.  351 

of  the  heart,  iv.  597 

prognosis,  vi.  352 

"  rest-cure  "  in,  vi.  253 

symptomatology,  vi.  349 

traumatic,  characteristics  of,  vi. 
340 

treatment,  vi.  353 
Neuraxis,  growth  changes  in,  ii.  314 
Neurectomy  for  neuralgia,  vi.  246 
Neurenteric  canals,  viii.  587 
Neuridin,  ptomain,  vi.  785 
Neurilemma,  vi.  336 
Neurin,  effect  of,  on  body  tempera- 
ture, ii.  571 

ptomain,  vi.  786 
Neurine,  iii.  37,  38;  vi.  254 
Neurite,  see  Axis-cylinder  process 
Neuritis,  vi.  355 

ascending,  vi,  355 

causes,  vi.  355 

diabetic,  iii.  439 

eflect  of  massage  on,  v.  698 

isolated,  vi.  255 

localized,  vi.  255 

multiple,  vi.  256;  and  see  Mul- 
tiple neuritis 
causing  paraplegia,  vi.  499 

of  the  optic  nerve  following  hae- 
matemesis,  ii.  12 
a  cause  of  blindness,  ii.  13 


Neuritis,  pathology,  vi.  355 
prognosis,  vi.  355 

symptoms,  vi.  255 

treatment,  vi.  255 
Neurocele,  ii.  138 
Neurodin,  vi.  258 
Neuroepithelioma,  vi.  258 
Neuro-epithelium,  iii.  856 
Neurofibroma,   iv.    155;    and    see 
Neuro)na 

of  the  eyelids,  iv.  107 
Neuroglia,  vi.  238 

cells,  ii.  332 

methods  of  staining,  ii.  839 
Neuroglioma,  iv.  373 
Neurohistology,  ii.  323 
Neurolytic  serum,  viii.  539 
Neuroma,  iv.  155 ;  vii.  908 ;  and  see 
Neurofibroma 

of  the  hand  and  fingers,  iv.  501 

of  the  optic  nerve,  iv.  113 

of  the  orbit,  iv.  115 

painful,  of  the  skin,  vi.  258 
Neuromimesis,  v.  265 
Neurone,  ii.  138 

scheme  of,  ii,  144 
Neurones,  ii,  331 ;  vi,  233 

albuminous  degeneration  of,  vi. 
362 

atrophy  of,  vi,  261 

changes  in,  due  to  functional  ac- 
tivity, vi.  259 

cloudy  swelling  of,  vi.  262 

corpora  amylacea  in,  vi.  363 

degenerations  in,  vi.  263,  363 

diseases  of,  vii.  337 

fatty  degeneration  of,  vi.  363 

general  pathology  of  the,  vi.  259 

histology  of,  vi.  333 

in  old  age,  ii.  320 

intoxications  of,  vi,  268 

morphology  of,  vi,  233 

necrobiosis  of,  vi,  260 

necrosis  of,  vi.  260 

number  of,  ii.  317 

pigmentary  degeneration  of,  vi. 
263 

regeneration  of,  vi.  265 

llussell'sfuchsin bodies  in,  vi.  263 

.size  of,  ii.  318 

synapses  of,  ii.  334 

vacuolar  degeneration  of,  vi.  263 
Neuropathic  diathesis,  see  Neuras- 
thenia, 
Neuropathies  and  heredity,  iv.  664 
Neuroplasm,  vi.  286 
Neuropodion,  vi.  23.5 
Neuroretinitis  as  a  cause  of  blind- 
ness, ii.  10 
Neuroryctes  hydrophobise,  viii.  641 
Neuroses  beueti ted  liy  arsenic,  i,  533 

changes  in  the  nails  in,  vi.  97 

fatigue,  occupation  as  an  etio- 
logical factor  in,  vi.  320 

functional,     electrotherapeutics 
in,  iii.  763 

insanity  of  the,  v.  97 

of  olfaction,  vi.  131 

of  the  joints,  v.  365 

of  the  larynx,  v.  487 

of  the  nasal  cavity,  vi.  131 

of  the  pharynx,  vi.  604 

of  the  stomach,  motor,  vii.  603 
secretory,  vii,  503 
sensory,  vii,  503 

of  the  uvula,  viii.  111 

of  the  velum  palati,  viii.  Ill 

professional,  iv.  538 
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Neuroses,  traumatic,  vi.  239 

electrotherapeutics    in,    iii. 
763 
trophic,  vi.  271 
Neurotic    diathesis,    sej  Neuras- 


Neurotic  spine,  vii.  389 

Neurotics,  poisons,  vi.  691 

Neutral  mixture,  v.  483 

Neutrophiles,  ii.  30 

Nevada,   requiiements  for  medical 
practice  in,  iv.  48 

Ne'w-bom  child,  abnormal  size  of, 
vi.  276 
albuminuria  in,  vi.  279 
anasarca  of,  vi.  279 
anomalies  of  development  of,  vi. 

276 
anthrax  in,  vi.  279 
asphyxia  of,  vi.  279 
autopsy  of,  vi.  275 
bacillus  coli  communis  in,    vi. 

278 
cholera  in,  vi.  278 
congenital  dislocations  in,  vi.  277 

fractures  in,  vi.  427 
diseases  of,  vi.  279 
erysipelas  in,  vi.  278 
fatty  degeneration  of,  vi.  280 
gangrene  of  the,  vi.  280 
gonorrhoea  of  the,  vi.  280 
hemorrhage  of  the,  vi.  280 
hydrocephalus  of  the,  vi.  280 
icterus  of  the,  iv.  246 ;  vi.  280 
infections  in,  vi.  277 
influenza  in,  vi.  278 
internal  injuries  in,  vi.  277 
intoxications  in,  vi.  279 
leprosy  in,  vi.  279 
leucocytosis  in,  v.  491 
malaria  in,  vi.  278 
malformations  of,  vi.  276 
measles  in,  vi.  278 
meningitis  in,  vi.  278 
myotonia  of  the,  vi.  280 
new  growths  in,  vi.  281 
oedema  of,  vi.  337,  338 
ophthalmia  of  the,  vi.  280;  and 

see  Ophthalmia  neonatorum 
parotitis  epidemica  in,  vi.  278 
pathological  conditions  in,  pro- 
duced during  labor,  vi.  277 
pathology  of,  vi.  375 
pemphigus  of  the,  vi.  280 
pneumonia  in,  vi.  278,  280 
recurrent  fever  in,  vi.  278 
rickets  of  the,  vi,  280 
scarlatina  in,  vi.  278 
sclerema   of,    vi.    337,  338;  and 

see  OMemn  neonatorum 
scleroma  of,  vi.  337,  338 
sepsis  in,  vi.  278,  281 
syphilis  in,  vi.  277 
tetanus  of,  vi.  281 
thrombosis  in,  vi.  281 
thyroid  enlargement  in,  vi.  281 
tuberculosis  in,  vi.  278 
tumors  in,  vi.  281 
typhoid  fever  in,  vi.  278 
typhus  fever  in,  vi.  278 
uric-acid  infarction  in,  vi.  281 
variola  in,  vi.  278 
weight  of,  iv.  418 
New-growths,  see  Tumors 
New  Hampshire,  history  of  yellow 
fever  in,  viii.  586 
requirements  for  medical  prac- 
tice in,  iv.  48 
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New  Jersey,  food  adulteration  in, 
iv.  173 
history  of  yellow  fever  in,  viii. 

587 
requirements  for  medical  prac- 
tice in,  iv.  48 
tea,  ii.  759 
New  Jersey  tea,  ii.  759 
Newman's  cautery  electrode,  iii. 

766 
New  Mexico,  vi.  281 

requirements  for  medical  prac- 
tice in,  iv.  48 
New  Orleans,  Louisiana,  vi.  284 
Newport  News,  vi.  347 
Newport,  R.  I.,  vi.  285 
New  sidonal,  vii.  214 
N  e  w  s  o  m '  s        Arroyo  -  Grande 

Spring's,  vi.  286 
New  York,  vi.  287 

coroner,  expenses  of,  in,  iv.  44 
drug    adulteration   in,   iv.   174, 

179 
history  of  yellow  fever  in,  viii. 

587 
requirements  for  medical   prac- 
tice in,  iv.  48 
Nice,  vi.  288 
Nicker  tree,  ii.  115 
Nicol's  prism,  vi.  728 
Nicotiana  persica,  vii.  787 
rustica,  vii.  787 
tabacum,  vii.  787 
Nicotine,  see  Tobacco 

action  of,  on  the  heart,  v.  23 
salicylate,  iv.  16 
Nictitation,  iv.  122 
Nigella,  ii.  655 

Night-blindness,  see  Hemeralopia 
Night  cries,  in  hip-ioint  disease,  v. 

267 
Nightmare,  iii.  261 
Nightshade,    black,    poisonous 
plant,  vi.  699 
deadly,  i.  610,  741 
Night-soil,  vi.  882 
barrel,  vi.  881 
disposal  of,  vi.  882 
Night-sweats   in    pulmonary  tu- 
berculosis, treatment  of,  v.  605 
Night- vision,  see  Nyctalopia 
Night  work,  effect  on  health,  vi. 

327 
Nigrities  linguee,  vii.  796 
Nigua,  ii.  828 

Nikoforov's  method  of  blood  fixa- 
tion, ii.  65 
Ninth  cranial  nerve,  iii.  318 

of  Willis,  iv.  823 
Nipple,  ii.  469 

absence  of,  ii.  465 

care  of,  during  lactation,  ii.  473 

during  pregnancy,  iv.  344 
chancre  of,  ii.  473 
development  of  the,  ii.  463 
diseases  of  the,  ii.  473 
eczema  of  the,  ii.  473 
embryology  of,  ii.  463 
erosions  of  the,  ii.  473 
fissures  of  the,  ii.  473 
hyperoesthesia  of  the,  ii.  473 
lack  of  development  of  the,  ii. 

473 
Paget's  disease  of,  ii.   473,  631, 

681 ;  iii.  420 
supernumerary,  ii.  465;  vii.  717 
Nirvanin,  vi.  289 
Nissl  bodies,  vi.  236 


Nissl's  method  of  staining  nerve 

tissues,  ii.  327 
Nitrate,  ferric,  v.  228 
of  ammonium,  i.  216 
of  lead,  V.  471 
of  potassium,  vi.  745 

paper,  vi.  745 
of  silver,  vii.  215 
of  zinc,  viii.  339 
Nitrates,  in  milk,  v.  840 

in  water,  viii.  287 
Nitre,  vi.  745 
cubic,  vii.  258 
sweet  Spirit  of,  vi.  290 
Nitric  acid,  vi.  289 

action  of,  on  tissues,  i.  71 
as  a  caustic,  ii.  756 
as  a  germicide,  iv.  334 
burns  from,  ii.  520 
diluted,  vi.  289 
poisoning  by,  i.  70 

post-mortem  appearances,  i. 
661 
test  for  albumin  in  urine,  viii.  30 
Nitric  ether,  vi.  390 
Nitrite  of  amyl,  vi.  291 
of  ethyl,  vi.  290 
of  potassium,  vi.  291 
of  sodium,  vi.  291 
Nitrites,  vi.  290 
in  milk,  v.  840 
in  the  treatment  of  uraemia,  viii. 

8 
in  water,  viii.  287 
Nitrobenzene,  poisoning  by,  vi. 
292 
post-mortem  appearances  in,  i. 
663 
Nitrobenzol,  see  Nitrobenzene 
Nitrogen,  assimilation  of,   by  bac- 
teria, i.  685 
in  urine,  viii.  33 

output  during  starvation,  v.  76& 
Nitrogen  monoxide,  vi.  293 

as  an  anaesthetic,  vi.  293 
Nitrogenous  equilibrium,  v.  764; 

viii   33 
Nitroglycerin,  vi.  293 
as  an  explosive,  vii.  910 
hypodermatic  use  of,  iv.  821 
Nitrohydrochloric  acid,  vi.  294 
Nitrous  acid,  as  germicide,  iv.  384 
Nitrous  ether,  vi.  290 

spirit  of,  vi.  290 
Nitrous  oxide  gas,  vi.  292 
administration  of,  iii.  18 
with  air,  iii.  20 
with  oxygen,  iii.  21 
as  an  anaesthetic,  1.  291,  293 
preceding  ether  administration, 
iii.  17 
Nitrous  oxide  water,  vi.  292 
Nobscot  Mountain  Spring,  vi.  294 
Nodes,  lymphatic,  see  Lymphatic 

glands 
Nodositas  crinium,  i.  605 
Nodosities,   ephemeral   cutaneous, 
vi.  294 
non-erythematous,    of    arthritic 

patients,  vi.  294 
rheumatic  subcutaneous,  vi.  295 
Noduli  laqueati,  i.  606 
Nodulus  Arantii,  iv.  571 
Noise,  a  public  nuisance,  vi.  330 

differentiated  fiom  music,  1.  614 
Noma,  iv.  307;  viii.  580 

of  the  auricle,  iii.  610 
Non  compos  mentis,  v.  75 
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Nopalea  cochinillifer,  iii.  164 
Normal  solution,  meaning  of  term 

ii.  43 
Normalization  of  tlie  'brain,  de- 
fined, ii,  143 
North  Carolina,  history  of  yellow 
fever  in,  viii.  587 
requirements  for  medical  prac- 
tice in, iv.  48 
Nortli    Dakota,   requirements  for 

medical  practice  in,  iv.  48 
Nortli  Haven  Pool,  vi.  395 
Norton's   operation  for   syndac- 
tylism, iv.  495 
Norway,  Pharmacopoeia  in,  vi.  .585 
Nose,  vi.  101 ;  and  see  JVasal  camiies 
adenoma  of,  vi.  140 
anatomy  of,  vi.  101 
angioma  of,  vi.  138 
anomalies  of  the  muscles  of,  vi. 

43 
blood  supply  of,  vi.  106 
bony  cysts  of,  vi.  138 
brolien,  vi.  123 
carcinoma  of,  vi.  141 
cavities  of,  vi.  102 
chondroma  of,  vi.  140 
dislocations  of,  vi.  296 
emphysema  of,  vi.  295 
epitlielioma  of,  vi.  141 
examination  of,  see  Rhinoscopy 

in  children,  vi.  109 
fibroma  of,  vi.  139 
foreign  bodies  in,  i.  158 
fractures  of,  vi.  296    . 
hemorrhage  from,  vi.  295;  and 

see  Epistaxis 
in  diseases  of  the  ear,  iii.  663 
injuries  of,  vi.  295 

deformities    following,    vi. 
296 
lymphatics  of  the,  v.  637 ;  vi.  106 
malformations  of  the,  vi.   123; 

vii.  705 
mucous  membrane  of,  vi.  105 
relation  of,  to  genital  organs, 
vi.  138,  134 
nerve  supply  of,  vi.  106 
new  growths  of,  vi.  138 
osteoma  of,  vi.  140 
papilloma  of,  vi.  140 
parasites  in,  i.  159 
physiology  of,  vi.  106 
plastic  operations  on,  see  Rhino- 

plctsty,  vi.  904 
polypi  of,  vi.  129 
saddle,  vi.  124 
sarcoma  of,  vi.  141 
sinuses  of,  vi.  104 
syphilitic  affections  of  the,  vii. 

621 
tumors  of,  vi.  138 
vascular  mechanism  of  the,  vi. 
109 
Nose-bleed,  vi.  295;   and  see  Epi- 

Wosophen,  v.  208;  vi.  296 
Nostrils,  atresia  of,  i.  603 
N'otiflcation    of    infectious    dis- 
eases, vi.  296 
ITotocliord,  vi.  297 

development  of,  in  mammals,  vi. 

397 
disappearance  of,  v;.  300 
histogenesis,  vi.  299 
morphology,  vi.  300 
shape  and  relation  to  other  parts, 
vi.  300 


Notoedres  cati,  i.  433 
Notonecta,  v.  160 
NotonectidsB,  v.  160 
Nova  Scotia,  vi.  301 
Novaspirin,  viii.  588 
Novocain,  viii.  588 
Novy's  apparatus  for  culture  of  ana- 
erobes, viii.  430 
blood  pipette,  viii.  412 
cover-glass  forceps,  viii.  436 
filtering  apparatus,  viii.  422 
low-temperature  incubator,  viii 

425 
steam  sterilizer,  viii.  431 
thermo-regulator,  viii.  424 
Nucin,  ii.  529 
Nuclear  membrane,  ii.  761 

sap,  ii.  762 
Nuclein,  ii.  327;  iii.  72 
Nuclein  bases  in  urine,  viii.  36 
Nucleinic  acid,  iii.  72 

in  urine,  viii.  37 
Nucleins,  vi.  301 

Nucleo-albumin  in  urine,  viii.  31 
Nucleo-Mston  in  urine,  viii.  33 
Nucleoli,  ii.  762 
Nucleus,  ii.  761 
Nuisances,  public,  vi.  330 
Nupliar,  vi.  309 
Nupharine,  vi.  309 
Nurses,  army  corps,  i.  513 

obstetrical,  v.  383 

on  hospital  ships,  iv.  744 

trained,  vi.  303 

training  schools  for,  vi.  303 

wet,  viii.  303 
Nursing,  maternal,  conditions  pre- 
cluding, viii.  304 
Nut,  areca,  i.  445 

betel,  i.  445 

caju,  ii.  707 

poisonous,  vi.  698 

cashew,  ii.  707 

poisonous,  vi.  698 

pistache,  v.  700 

pistacia,  v.  700 
Nutgall,  vi.  306 

Aleppo,  vi.  306 

blacli,  vi.  306 

blue,  vi.  306 

Chinese,  vi.  306 

Smyrna,  vi.  306 

Syrian,  vi.  306 

white,  vi.  306 
Nutmeg,  vi.  307 

brown,  vi.  307 

butter,  vi.  307 

Dutch,  vi.  307 

limed,  vi.  307 

Penang,  vi.  307 
Nutrition,  see  Metabolism  ;  balance 
of,  on  an  adequate  diet,  v.  764 

changes  in.  at  the  menopause,  ii. 
800 

disturbances  of,  a  factor  in  dis- 
eases of  the  nails,  vi.  93 

general,  in  neurasthenia,  vi.  351 

impaired,  a  cause  of  atrophy,  1. 
607 

improved  by  arsenic,  i.  533 

influence  of  climate  upon,  vi.  177 

in  insanity,  v.  70 
Nutritive  equilibrium,  v.  763 
Nuttall's  platinum  spear,  viii.  436 
Nux  vomica,  vi.  307 

action  and  use,  vi.  308 

constituents  of,  vi.  308 

description  of,  vi.  307 


Nux  vomica,  poisoning  by,  vii.  .543 

preparations,  vi.  308 
Nux   vomica  family,  see  Logan- 

iacece 
Nyctalopia,  ii.  13;  iv.  627,  638 
Nyctotherus  faba,  viii.  658 
Nye  Litbia  Springs,  vi.  308 
Nylander's  bismuth,  test  for  glu- 
cose in  urine,  viii.  39 
Nymphse,  anatomy  of,  vii.  170 

hypertrophy  of,  viii.  163 
Nymphsea,  vi.  308 

alba,  vi.  308 

lutea,  vi.  309 

odorata,  vi.  308 
NymphseacesB,  vi.  308 
Nystagmus,  vi.  309 

Oak  bark,  vi.  309 

poison,  V.  239 ;  vi.  696 
white,  vi.  309 
Oak  Orchard  Acid  Springs,  vi.  309 
Oakum,  v.  517 
Obelion,  vii.  229 
Oberlander's  endoscopic  tube,  ii. 

746 
Obermayer's  test    for  indican   in 

urine,  viii.  45 
Obesity,  i.  123 

drowsiness  in,  iii.  560 
preparation  of  thyroid  gland  for, 
vi.  410 
Oblique  fracture,  see  Fractures 
Oblique  inguinal  hernia,  iv.  671 
Obliquus   abdominis,  accessory, 

vi.  61 
Obliquus  externus  abdominis,  i.  3 
anomalies  of,  vi.  61 
internus  abdominis,  i.  3 
anomalies  of,  vi.  61 
Oblongata,  ii.  154;  see  also  Medulla 
Obsessions,  in  insanity,  v.  48 
Obstetric  operations,  vi.  309 
craniotomy,  vi.  315 
decapitation,  vi.  316 
embryotomy,  vi.  315 
Emmet's  operation,  vi.  312 
evisceration,  vi.  316 
forceps,  vi.  312 
Hegar's  operation,  vi.  312 
induction  of  abortion,  vi.  309 

of  premature  labor,  vi.  310 
perineorrhaphy,  vi.  811 
symphyseotomy,  vi.  315 
trachelorrhaphy,  vi.  311 
version,  vi.  314 
Obstetric  valise,    contents    of,  v. 

384 
Obstetrics,  antisepsis  in,  v.  379,  384 
asepsis  in,  v.  379,  384 
general  ausesthesia  in,  iii.  11 
Obstipation,  see  Intestiiial  ohstruc- 
tion 
in  insanity,  v.  71 
Obstruction,    intestinal,    v.   173; 

and  see  intestinal  obstruction 
Obstruction  of  ureters,  viii.  U,  13, 
14 
of  veins,  viii.  315 
Obturator  artery,  i.  9 ;  vii.  740 

anomalies  of,  i.  533,  539 
Obturator  externus,  anomalies  of, 

vi.  56 
Obturator  hernia,  iv.  681 
Obturator  internus,  anomalies  of, 

vi.  56 
Obturator  nerve,  vii.  740 

veins,  anomalies  of,  viii.  306 
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Occipital  artery,  ii.  254 
anomalies  of,  i.  537 
mastoid  branch,  ii.  250 
supradural  brancli  of  the,  ii.  250 
surface  marliing  of,  vi.  191 
Occipital  lobe,  ii.  187,  190 
Occipital  lymphatic  glands,   v. 

630 
Occipital    nerve,    lesser,   surface 

marking  of,  vi.  191 
Occipital  neuralgia,  vi.  246 
Occipital  sinus,  ii.  262 

anomalies  of,  viii.  204 
Occipitalis  minor  muscle,  vi.  43 
Occipitalis  muscle,  anomalies  of, 

vi.  43 
Occipito-frontalis  muscle,  anom- 
alies of,  vi.  43 
Occipito-hyoid  muscle,  vi.  46 
Occipito-pharyngeus  muscle,  vi. 

47 
Occipito-posterior  presentations , 

management  of,  v.  890 
Occipito-scapularis  muscle,  vi.  48 
Occlusion  of  nares,  congenital,  vi. 

132 
Occupation,  acute  rhinitis  due  to, 
vi.  114 
and  insanity,  v.  32 
as  a  factor  in  catarrhal  otitis,  iii. 

634 
as  a  factor  in  pneumokoniosis, 

V.  596 
as  a  modifying    factor    in  the 

menopause,  ii.  799 
dangerous  to  health,  vi.  334 
deformities  of  the  hand  from,  iv. 

538 
diseases  due  to,  iv.  508;  vi.  333 
effects  of,  upon  the  hand,  iv.  508 
hygiene  of,  vi.  316 
diseases  of,  vi.  318 
factors  of,  vi.  321 
mortality  statistics,  vi.  316 
offensive  ti-ades,  vi.  330 
prophylaxis,  vi.  336 
influence  of,  upon  blindness,  ii.  8 

upon  death  rate,  viii.  353 
in  life  insurance,  v.  510 
mortality  influenced  by,  viii.  353 
muscular  atrophy  due  to,  iv.  537 
neurosis  in  liand  due  to,  iv.  588 
Ocean  currents,  influence  of,  upon 

climate,  iii.  139 
Ocean  Springs,  vi.  333 
Och.ee  Springs,  vi.  333 
Oconee   Chalybeate    Spring,    vi. 

333 
Oconee  White  Sulphur  Springs, 

vi.  333 
Ochronosis,  vi.  635 ;  viii.  589 
Ocimum,  v.  379 

basilicum,  i.  736 
Odontinoids,  vi.  334 
Odontoma,  vi.  334 
Odors,  characteristic,  of  poisons,  i. 
660 
objectionable,  in  milk,  v.  833 
(Edema,  iii.  133 ;  vi.  334 

acute  circumscribed,  viii.  63 
angioneurotic,   i.   354;    vi.   372, 

337;  viii.  62 
cachectic,  vi.  336 
carbunculosum  sen  malignum,  i. 

366 
clinical  varieties  of,  vi.  836 
collateral,  vi.  336 
during  pregnancy,  iv.  347 


(Edema,  etiological  varieties,  vi.  335 
etiology,  vi.  335 
ex  vacuo,  iii.  138;  vi.  335 
fugax,  vi.  337 

glottidis,  V.  412 ;  and  see  Laryn- 
gitis, adeinalous 
diagnosed    from  croup,  iii. 
833 
hydrasmic,  vi.  836 
in  acute  nephritis,  v.  334 
inflammatory,  vi.  336 
intermittens,  vi.  387 
malignant,    i.   366;  iv.  308;   vi. 
610 
bacteriology  of,  i.  711 
morbid  anatomy,  vi.  836 
nature  of  transudate  in,  vi.  335 
neonatorum,  vi.  8 
neuropathic,  vi.  7 
occurrence  of,  vi.  37 
of  stagnation,  vi.  335 
of  the  eyelids,  iv.  717 
of  the  glottis,  V.  413;  and  see 

Lai-yvgitis,  cedematous 
of  the  involuntary  muscles,  vi. 

39 
of  the  larynx,  v.  413 

causing  stenosis,  v.  439 
of  the  lungs,  v.  593 
of  the  omentum,  vi.  858 
of  the  placenta,  iii.  53;  vi.  650 
prognosis,  vi.  337 
purpuric,  vi.  815 
retinal,  vi.  956 
toxic,  vi.  336 
treatment,  vi.  338 
(Enanthe  crocata,  poisonous  plant, 

vi.  703 
(Enothera  biennis,  vi.  755 
Oertel's  method  of  treating  obesity, 

i.  125 
(Esophagectomy,  vii.  476 
(Esophagitis,  vi.  339 
acute  catarrhal,  vi.  839 
acute,  of  young  children,  vi.  341 
chronic  catarriial,  vi.  339 
corrosiva,  vi.  341 
desiccans  superficialis,  vi.  341 
diphtheritica,  vi.  340 
exfoliativa,  vi.  341 
fibrinosa,  vi.  340 
follicular,  vi.  340    . 
gangrenosa,  vi.  339,  341 
membranous,  vi.  340 
phlegmonous,  vi.  340 
pustulosa,  vi,  340 
CEsophagomalacia,  vi.  339 
(Esophagoplasty,  vii.  476 
(Esophagoscope,  vii.  474 
(Esophagostomy,  vi.  197;  vii.  476 
(Esophagotomy,  vi.  197;  vii.  475 
(Esophagus,  vi.  197;  vii.  753 
abscess  of,  vi.  340 
absence  of,  vi.  338 
actinomycosis  of,  vi.  342 
active  hyperremia  of,  vi.  338 
animal  parasites  in,  vi.  343 
atresia  of,  i.  608 
atrophy  of,  vi.  389 
carcinoma  of,  vi.  844 ;  vii.  477 
cicatricial  stricture  of,  vii.  477 
circulatory  disturbances  of,  vi. 

338 
congenital   dislocations    of,    vi. 
388 
malformations  of.  vi.  338 
dermoid  cysts  of,  vi.  344 
dilatation  of,  vi.  845,  346 


(Esophagus,  diphtheria  of,  vi.  340' 
diverticula  of,  vi.  346 

excision  of,  vii.  476 
epithelioma  of,  vi.  344 
fibroma  of,  vi.  343 
foreign   bodies  in,  vi.  346;  vii. 

476 
gangrene  of,  vi.  339 
hemorrhages  of,  vi.  839 
hemorrhoids  of,  vi.  338 
hypertrophy  of,  vi.  343 
infectious  diseases  of,  vi.  343 
inflammation  of,  vi.  339_ 
leukoplakia  of,  vi.  340 
lipoma  of,  vi.  344 
lymphatics  of,  v.  643 
malformations  of,  vii.  703 
measurements  of,  viii.  238 
methods  of  examining  the,  vii. 

474 
myxoma  of,  vi.  344 
necrosis  of,  vi.  339 
operations  on  the,  vii.  475 
papilloma  of,  vi.  343 
passive  congestion  of,  vi.  338 
pathology  of,  vi.  338 
phlegmon  of,  vi.  617 
progressive  changes  in,  vi.  343 
reduplication  of,  vi.  338 
retrograde  changes  in,  vi.  339 
rupture  of,  vi.  346 
sarcoma  of,  vi.  344 
stenosis  of,  i.  603 ;  vi.  338,  346 

diet  in,  iii.  456 
surgical,  vii.  474 

carcinoma  of,  vii.  477 
cicatricial  stricture  of,  viL 

477 
electrolysis,  vii.  475 
excision  of  diverticula,  vii. 

476 
foreign  bodies  in,  vii.  476 
methods  of  examination,  vii. 

474 
oesophagostomy,  vii.  476 
oesophagotomy,  vii.  475 
syphilis  of,  vi.  343 
thrush  of,  vi.  343 
tuberculosis  of,  vi.  343 
tumors  of,  vi.  343 
ulcers  of,  vi.  843 
varices  of,  vi.  338 
warts  of,  vi.  343 
(Estridse,  v.  152 
(Estrus  hominis,  v.  153 
Offensive  proteids,  iii.  534 

trades,  vi.  330 
Official,  use  of  term,  vi.  587 
Officinal,  use  of  term,  vi.  587 
Ohio,  food  adulterations  in,  iv.  173' 
history  of  yellow  fever  in,  viii. 

588,  589 
requirements  for  medical   prac- 
tice in, iv.  48 
Ohlmacher's  fluid,  iv.  709 
Oidium,  vii.  1 

albicans,  i.  731 
Oil,  angelica,  i.  348 

antidotal  action  of,  i.  373 
apple,  i.  367 
Benne,  i.  743 
carron,  v.  516 
castor,  ii.  708 
cedar,  vii.  334 
chaulmoogra,  ii.  803 
citronella,  iii.  136 
cod-liver,  iii.  165;  vii.    808;  se» 
also  God-live)-  oil 
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Oil,  cottou-seed,  iii.  397 
croton,  iii.  331 
cypress,  iii.  340 
Dippel's  animal,  iii.  493 
ethereal  animal,  iii.  493 
fixed,  in  plants,  i.  103 
flaxseed,  v.  516 
fusel,  i.  169 
gas,  ii.  664 

germicidal  action  of,  iv.  334 
grain,  i.  169 
irrigation  by,   for  constipation, 

iii.  834 
linseed,  v.  516 
of  allspice,  i.  193 
of  amber,  i.  208 
of  anise,  i.  358 
jf  balm,  i.  724 
of  basil,  i.  736 
of  bay,  i.  787 

of  bergamot,  i.  747;  iii.  137 
of  bitter  almonds,  poisoning  by, 

iv.  785 
of  black  mustard,  vi.  68 
of  cade,  ii.  540 
of  cajeput,  ii.  548 
of  calamus,  ii.  550 
of  camphor,  ii.  623 
of  Canada  snalie-root,  vii.  354 
of  caraway,  ii.  655 
of  cardamom,  ii.  687 
of  chenopodium,  viii.  315 
of  cinnamon,  iii.  94 
of  cloves,  iii.  150 
of  cocoanut,  iii.  164 
of  coriander,  iii.  383 
of  cubeb,  iii.  338 
of  cumin,  iii.  338 
of  dittany,  iii.  543 
of  erigeron,  iv.  158 
of  eucalyptus,  iv.  15 
of  fennel,  iv.  145 
of  fleabane,  iv.  158 
of  gaultheria,  viii.  313 
of  ginger,  iv.  353 
of  juniper,  v.  399 
of  lavender,  v.  468 
of  lemon,  v.  483 

of  lovage,  V.  574 

of  mace,  v.  670 

of  mandarin  rind,  iii.  137 

of  melissa,  i.  734 

of  Neroli,  vi.  398 

of  nutmeg,  vi.  307 

of  orange.  Hi.  137 

of  orange  flovirers,  vi.  398 

of  orange  peel,  vi.  398 

of  orris  root,  vi.  417 

of  parsley,  viii.  1 

of  patchouli,  vi.  517 

of  pennyroyal,  vi.  550 

of  peppermint,  vi.  553 

of  petits  grains,  vi.  398 

of  pimenta,  i.  193 

of  poppy  seeds,  vi.  735 

of  rose,  vi.  1000 

of  rosemary,  vi.  999 

of  rue,  vi.  1003 

of  sandal  wood,  vii,  19 

of  sassafras,  vii.  43 

of  savine,  vii.  43 

of  sesamum,  i.  743 

of  spearmint,  vii.  363 

of  stramonium,  vii.  535 

of  tansy,  vii.  638 

of  tar,  vii,  639 

of  theobroma.  ii.  531 

of  thvmol,  vii.  765 


Oil  of  turpentine,  vii.  913 
of  valerian,  viii.  181 
of  verbena,  iii.  136 
of  vitriol,  vii.  562 
of  wintergreen,  viii,  313 
of  wormwood,  viii,  316 
olive,  vi,  356 
phosphorated,  vi.  631 
potato,  i.  169 
salad,  vi.  356 
spirit,  i,  169 
sweet,  vi.  356 
teel,  i.  743 
verbena,  iii.  126 
volatile,  i,  103 
wood,  iv.  456 
Ointment,  v.  737 
blue,  V.  750 
casein,  ii.  707 
citrine,  v.  755 
iodine,  v.  305 
iodoform,  v.  307 
mercurial,  v.  750 
of  belladonna,  i.  743 
of  carbolic  acid,  ii.  658 
of  carbonate  of  lead,  v.  471 
of  chrysarobin,  iii.  76 
of  elemi,  iii.  781 
of  iodide  of  lead,  v.  471 
of  iodide  of  potassium,  v.  303 
of  nitrate  of  mercury,  v.  755 
of  nutgall,  vi.  307 
of  oxide  of  zinc,  viii.  338 
of  tannic  acid,  vii.  637 
of  the  red  oxide  of  mercury,  v. 

753 
of  the  yellow  oxide  of  mercury, 

V.  753 
of  veratrine,  vii.  330 
Pagenstecher's,  iv.  130 
rose-water,  vi.  1000 
Sir  A.  Cooper's,  i.  524;  ii.  757 
tar,  vii.  639 
Ojai  Hot  Sulphur  Springs,  vi.  347 
Ojai  Valley,  Southern  California, 

vi.  347 
Ojo  caliente,  vi.  347 
Oklahoma,  requirements  for  medi- 
cal practice  in,  iv.  48 
Old  age,   V.    568;    and   see  Death, 
Physiological  thewies  of,   and 
Senility 
drowsiness  in,  iii.  560 
insanities  of,  v.  33 
Old  Point  Comfort,  vi.  347 
Old  Sweet  Springs,  vi.  349 
Olea  Europcea,  vi,  356 
Oleates,  v.  737;  vi.  349 
of  mercury,  v.  755 
of  veratrine,  viii.  230 
of  zinc,  viii.  339 
Olecranon,  iii.  733 

fracture  of,  iv.  262 
Oleic  acid,  vi,  349 

germicidal  action  of,  iv.  335 
Oleoresins,  v.  737 
in  plants,  i.  103 
of  capsicum,  ii,  654 
of  copaiba,  iii.  278 
of  cubeb,  iii.  337 
of  ginger,  iv.  352 
of  lupulin,  V.  609 
of  male-fern,  iv.  148 
of  pepper,  vi.  552 
Oleum,  see  Oil 

Olfaction,  neuroses  of,  vi.  131 
Olfactory  bulb,  ii.  306 
nerve,  vi.  349 


Olfactory  nerve,  endings  of,  iii.  822 
region,  development  of,  ii.  278 
tract,  ii.  206 
Olibanum,  vi.  355 
Oligsemia,  vi.  355 
Oligochromsemia,  vi.  355 
Oligocythsemia,  vi.  356 
Oligohydramnion,  i.  237 
Oliguria,  viii.  28 
Olive,  vi.  356 
Olive  oil,  vi.  356 

as  a  cholagogue,  iii,  31 
Oliver  Springs,  vi.  357 
Oliver's  arteriometer,  vi.  802 
hiemocytometer,  ii.  SO,  51 
hnemoglobinometer,  ii.  57 
"  Olivette,"  TJ.  S.  Hospital  Ship, 

iv.  739 
Olympian  Springs,  vi.  357 
Omentitis,  vi.  359 
Omentum,  vi.  361 
abscess  of,  vi.  360 
active  hyperemia  of,  vi.  358 
amyloid  degeneration  of,  vi.  359 
ascites  of,  vi.  358 
atrophy  of,  vi.  359 
calcification  of,  vi.  359 
cancer  of,  vi.  360 
circulatory  disturbances  of,  vl. 

358 
cysts  of,  vi.  360 
dermoid  cysts  of,  vi.  360 
echinococcus  of,  vi.  360 
endothelioma  of,  vi.  360 
fibroma  of,  vi.  360 
foreign  bodies  in,  vi.  361 
functions  of,  vi.  361 
gastrocolic,  vi.  357 
gastrohepatic,  vi.  357 
gastrosplenic,  vi.  357 
grafting  of  the,  v.  193 
great,  vi.  357 
hemorrhage  of,  vi.  358 
hyaline  degeneration  of,  vi.  359 
hyperplasia  of,  vi.  360 
infarction  of,  vi.  358 
inflammation  of,  vi.  359,  361 
lesser,  vi.  357 
lipoma  of,  vi.  360 
malformations  of,  vi.  358 
myxosarcoma  of,  vi.  360 
necrosis  of,  vi.  359 
cedema  of,  vi.  358 
parasites  of,  vi.  360 
passive  congestion  of,  vi.  358 
pathology  of,  vi.  357 
progressive  changes  in,  vi.  360 
pseudomyxoma  of,  vi.  360 
retrograde  changes  in,  vi.  359 
structure  of,  vi.  357 
surgery  of,  vi.  361 
syphilis  of,  vi.  361 
traumatism  of,  vi.  361 
tuberculosis  of,  vi.  361 
tumors  of,  i.  35;  vi.  360,  361 
Omohyoid   muscle,  anomalies  of, 

vi.  45 
Onagra  biennis,  vi.  755 
Onion  Ijodies,  ii.  673 
Ontogeny,  i.  758 
Onychatrophia,  vi.  93 
Onychauxis,  iv.  510;  vi.  93 
Onychia,  malignant,  iv.  510 
syphilitic,  iv.  506;  vii,  617 
traumatic,  iv,  510  _ 
Onychogryphosis,  vi.  93 
Onychomycosis  favosa,  vi.  94;  vii. 

781 
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Onyclioniycosis    tricophytina,   vi. 

93 ;  vii.  783 
Onychorrhexis,  vi.  93 
Oocytes,  vi.  450,  865 
Odgonia,  vi.  865 
Oophorectomy,  see  Ovariotomy 
Oophoritis,  vi  433 

acute,  vi.  433 

clironic,  vi.  434 
oospore,  i.  758 
Opacity  of  the  cornea,  iii.  289 

of  tlie  vitreous,  viii.  366 
Open-air  treatment  of  pulmonary 
tuberculosis,  vi.    362;    and    see 
Falkenstein,      Ooerbersdorf,      and 
Health  resorts 
Operation,  consent  of  patient  neces- 
sary for,  viii.  620 

nature  of,  in  reference  to  choice 
of  general  anaesthetic,  iii.  10 
Ophelic  acid,  ii.  885 
Ophryon,  vii.  229 
Ophthalmablapton,  iv.  17 
Ophthalmia,  migratory,  vii.  591 

sympathetic,  vii.  591 

traumatic  sympathetic,  cause  of 
blindness,  ii.  11 
Ophthalmia  neonatorum,  iii.  241 ; 
vi.  280 

a  cause  of  blindness,  ii.  9 

Grade's  treatment  of,  iii.  243 

gonorrhoeal,  iii.  240 

prevention  of,  ii.  13 
Ophthalmitis,  migratory,  vii.  591 

sympathetic,  vii.  591 
Ophthalmophakometer,  vi.  394 
Ophthalmometer,  vi.  863 

of  Helmholtz,  vi.  364 

of  Javal-Schi5tz,  vi.  865 
Ophthalmo-reaction,  viii.  589 
Ophthalmoscope,  vi.  367 

in  astigmatism,  i.  593 

in  diagnosis  of  headache,  iv.  553 

of  Coccius,  vi.  381 

of  Helmholtz,  vi.  381 

of  Loring,  vi.  381 

of  Rente,  vi.  381 

of  Zehender,  vi.  381 

types  of,  vi.  380 
Ophthalmoscopy,  vi.  367 

cocaine  in,  iii.  159 
Ophthalmostatometry,  vi.  397 
Ophthalmotropometry,  vi.  397 
Opiates  in  infantile  diarrhcea,  iii.  448 
Opisthion,  vii.  339 
Opisthorchis,  vii.  867 

felineus,  vii.  867 

noverca,  vii.  870 

pseudofelineus,  vii.  869 

sinensis,  vii.  869 
Opium,  iv.  383 

action  and  uses,  vi.  385 

adulteration,  vi.  384 

allialoids  of,  vi.  385 

as  a  hsemostatio,  iv.  478 

as  a  hypnotic,  iv.  814 

as  an  anodyne,  i.  361 

assay  of,  vi.  384 

Boston,  vi.  384 

Chinese,  vi.  383 

constituents,  vi.  385 

description,  vi.  384 

Egyptian,  vi.  383 

family,  see  Papawracem 
Idiosyncrasy  for,  iv.  842 

Indian,  vi.  383 

in  intestinal  obstruction,  v.  173 

origin,  vi.  883 

858 


Opium,  poisoning  by,  vi.  387 

preparation,  vi.  384 

production,  vi.  384 

proportion  of,  in  various  prepa- 
i-ations,  vi.  387 

provision,  vl.  884 

pudding,  vi.  384 

special  uses,  .and  doses  of  prepa- 
rations, vi.  386 

tests  for,  vi.  890 

tolerance  for,  vi.  389 

Turkish,  vi.  383 

use  of,  in  dysentery,  iii.  574 

Persian,  vi.  883 
Opium  habit,  v.  84 

causes,  v.  84 

cocaine  for,  iii.  160 

diagnosis,  v.  85 

disorders  resulting  from,  vi.  85 

pathology,  vi.  85 

prognosis,  vi.  85 

symptoms,  v.  85 

treatment,  vi.  85 
Opium,  poisoning  by,  vi.  387 

detection  of,  vi.  390 

duration,  vi.  888 

failure  of  detection,  vi.  391 

insufflation  in,  iv.  144 

lethal  dose,  vi.  388 

post-mortent  appearances,  i.  664 ; 
vi.  390 

symptoms,  vi.  387 

tests  for,  vi.  390 

treatment,  vi.  389 

by  insufflation,  iv.  144 
Opodeldoc,  vii.  255 
Opponens  hallucis  muscle,  vi.  59 
Opponens  minimi  digiti  muscle, 

anomalies  of,  vi.  55 
Opsonic  index,  viii.  446,  595 

technique,  viii.  445,  593 

therapy,  viii.  590 
Optic  disc,  iv.  77 ;  viii.  241 
Optic  nerve,  atrophy  of,  a  cause  of 
blindness,  ii.  11 

end-organs  in,  iii.  823 

endothelioma  of,  iv.  113 

glioma  of,  iv.  118 

gliosarcoma  of,  iv.  118 

myxoma  of,  iv.  113 

myxosarcoma  of,  iv.  113 

neuroma  of,  iv.  113 

psammoma  of,  iv.  113 

tumors  of,  iv.  113;  vi.  407 
Optic  papilla,  iv.  77 
Optometers,  vi.  396 
Optometry,  vi.  391 
Opuntia  decumana,  ii.  533 

tuiia,  iii.  164 
Orange,  iii.  127 ;  vi.  398 
Orange  peel,  bitter,  vi.  898 

sweet,  vi.  398 
Orbicularis  palpebrarum  muscle, 
spasmodic  contraction  of,  ii.  5 ;  iv. 
128 ;  and  see  Blepharospasm 
Orbit,  iv.  68;  and  see  Bye 

aneurism  of,  vi.  403 

angioma  of,  iv.  115;  vi.  405 

anomalies  of  the  muscles  of,  vi. 
43 

benign  tumors  of,  iv.  114 

cancer  of,  iv.  115 

care  of,  after  operations  on  eve, 
i.  558  ■' 

caries  of,  vi.  400 

cavernous  tumors  of,  vi.  404 

cellulitis  of,  vi.  398 

chloroma  of,  iv.  115 


Orbit,  cylindroma  of,  iv.  115 

cysts  of,  iv.  114;  vi.  405 

dermoid  cysts  of,  iv.  114 

diseases  and  injuries  of  the,  vi. 
398 
of  the,  a  cause  of  blindness, 

ii.  13 
of  the  neighboring  sinuses 
encroaching  upon  the,  vi. 
409 

dropsy  of  Tenon's  capsule,  vi. 
406 

emphysema  of,  vi.  400 

encephalocele  of,  vi.  405 

enchondromaof,  iv.  115 

enlargements  of  the  lachrymal 
gland,  vi.  406 

foreign  bodies  in  the,  vi.  408 

fracture  involving  the,  vi.  407 

gimshot  wound  of,  vi.  408 

hemorrhage  in  the,  vi.  400 

injuries  of,  vi.  407 

lipoma  of,  iv.  115 

lympliadenoma  and  lymphoma 
of,  iv.  115 

lymphatics  of  the,  v.  628 

malignant  tumors  of,  iv.  115 

meningocele,  vi.  405 

myofibrosarcoma  of,  iv.  115 

myoma  of,  iv.  115 

myxosarcoma  of,  iv.  115 

necrosis  of,  vi.  400 

neuroma  of,  iv.  115 

osteoma  of,  iv.  115;  vi.  405,  407 

osteosarcoma  of,  iv.  115 

periostitis  of,  vi.  400 

sarcoma  of,  iv.  115 

teleangiectasis  of,   iv.   115;    vl. 
405 

tenonitis,  vi.  400 

tumors  of  the,  iv.  114;  vi.  405 

vascular  protrusion  of,  without 
pulsation,  vl.  404 

wounds  of,  iv.  560 
Orbital  cavities  in  insanity,  v.  51 
Orbital  index,  vii.  231 
Orbital  sinus,  vii.  836 
Orcanet,  i.  187 
Orchidectomy,  vii.  185 

double,  for  hypertrophy  of  pros- 
tate, vi.  769 
Orchitic  extract,  vi.  415 
Orchitis,  vii.  182 

acute,  cold  for,  iii.  194 

gouty,  vii.  183 

of  infectious  diseases,  vii.  182 

of  mumps,  vii.  183 

neuralgic,  vii.  183 

syphilitic,  vii.  625 

traumatic,  vii.  182 
Oregon,   requirements  for  medical 

practice  in,  iv.  48 
Orellin,  i.  361 
Orexin,  vi.  409 
Organ  of  Corti,  i.  623 
Organic  matter  in  water,  viii.  387 

murmur,  ii.  832 
Organism,  action  of  cocaine  on  the 
iii.  158 

animal,  food  of,  1.  173 

pathogenic,  iv.  8'70 

specific,  iv.  870 

vegetable,  food  of,  i.  173 
Organonyms,  ii.  137 
Organotherapy,  vl.  409 

blood-forming  organs,  vi.  419 

ductless  glands,  vi.  409 

generative  organs,  vi  415 
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Organoth-tsrapy,  miscellaneous  tis- 
sues, vi.  417 
nervous  system,  vi.  415 
secreting  glands,  vi.  416 
Organs,  growth  of,  iv.  430 

homologous,  as  evidence  of  evo- 
lution, iv.  21 
vestigial,  as  evidence  of  evolu- 
tion, iv.  31 
Oriental  boil,  i.  170 
Origanum  marjorana,  v.  379 
wild,  V.  379 
vulgare,  v.  879 
Orleano,  i.  361 
Ormsby's  ether  Inhaler,  iii.  16 
Ornithodorus  turicata,  i.  437 
Orph.01,  vi.  101 
Orris,  vi.  417 

camphor,  vi.  417 
root,  vi.  417 
Orthin,  vi.  417 
Orthoform,  vi.  417 
Orth.o-oxy -benzoic  acid,  vii.  7 
Ortbophosphoric  acid,  vi.  630 
Ortbosipbon,  v.  379 
Ortb's  fluid,  iv.  710 
Os  calcis,  dislocation  of,  iii.  530 

fracture  of,  iv.  269 
Osazons,  differentiation  of,  viii.  40 
Oscitation,  viii.  318 
Oser's  base,  ptomain,  vi.  791 
Osmic  acid,  vi.  418 

as  a  cause  of  amblyopia,  ii.  13 
germicidal  action  of,  iv.  335 
Osmic  tetroxide,  vi.  418 
Osmidrosis,  ii.  486 
Osmosis,  1.  50;  ii.  719 
and  diffusion,  viii.  470 
electrical,  ii.  719 
Osmotic  pressure  and  diflfUsion, 

viii.  470 
Os  orbiculare,  iii.  584 
Ospedaletti,  Italy,  vi.  418 
Osseous  system,  effect  of  castration 

on,  ii.  713 
Ossicles  of  tbe  ear,  i.  616 ;  iii.  584 
anatomy  of,  iii.  584 
caries  of,  iii.  630 
dimensions  of,  iii.  587 
forcible  mobilization  of,  iii.  672 
functions  of,  iii.  587 
movements  of,  i.  617 
necrosis  of,  iii.  673 
operation  on,  iii.  670 
weight,  iii.  587 
Ossification,  intracartilaginous,  ii. 
117 
intramembranous,  ii.  119 
subperiosteal,  ii.  119 
Ossification  of  tbe  vitreous,  vm. 

268 
Os  Sylvii,  iii.  584 
Osteitis,  vi.  418 

albuminosa,  vi.  419 
causes,  vi.  418 
deformans,  vi.  424 

diagnosed  from  acromegaly, 

i.  96 
kyphosis  in,  v.  378 
of  the  spine,  vii.  389 
in  joint  affections,  v.  361 
of  the  elbow,  v.  376 
of  the  hip,  V.  366 
of  the  shoulder,  v.  376 
rheumatic,  vi.  433 
syphilitic,  vi.  433         _ 
tuberculous,  v.  261 :  vi.  1^6 
of  the  hip,  V.  366 


Osteitis,  tuberculous,  of  the  knee,  v. 
273 
of  the  shoulder,  v.  289 
Osteoarthritis,  i.  544;  vi.  969 
kyphosis  in,  v.  378 
of  the  spine,  vi.  247 
Osteo-artbropatbies,  pulmonary 
hypertrophic,  v.  365 
diagnosed  from  acromegaly,  i.  96 
Osteo-artbropathy,    hand    in,  iv. 

500 
Osteochondritis,  syphilitic,  ii.  133; 

V.  364 
Osteo-chondroma,  iii.  40 

of  the  periosteum,  vi.  569 
Osteoclasis,  iu  knock-knee,  v.  375 
Osteoclasts,  ii.  119 

use  of,  in  talipes,  iv.  337 
Osteolipoma,  viii.  568 
Osteoma,  vi.  435;  vii.  907 
cartilaginea,  vi.  426 
eburneum,  vi.  426 
medullosum,  vi.  436 
of  the  conjunctiva,  iv.  109 
of  the  external  auditory  canal, 

iii.  667 
of  the  frontal  sinus,  iv.  274 
of  the  hand  and  finger,  iv,  501 
of  the  kidney,  v.  333' 
of  the  lower  jaw,  v.  256 
of  the  nose,  vi.  140 
of  the  orbit,  iv.  115 ;  vi.  407 
of  the  upper  jaw,  v.  349 
sites,  vi.  425 
spongiosum,  vi.  426 
varieties,  vi.  435 
Osteomalacia,  ii.  120;  vi.  436 
cerea,  vi.  437 
fragilis,  vi,  437 

rubra,  iv.  71 
kyphosis  iu,  v.  378 
Osteomyelitis,  ii.  133;  vi.  419 
acute,  i.  463 

infectious,  near  hip,  v.  273 
of  the  spine,  vii.  388 
suppurative,  vi.  419 
infectious,  v.  264 
kyphosis  in,  v.  378 
Osteopathy,  States  in  which  it  is 

recognized,  iv.  47 
Osteophytes,  vi.  425,  569 

puerperal,  iv.  341 
Osteoplastic  necrotomy,  vi.  433 
operations  on  the  extremities,  ii. 

134 
resection  of  the   skull,  n.  124, 

407 
section  of  the  upper  jaw,  v.  351 
Osteoplasty  for  cleft  palate,  iii.  134 
Osteoporosis,  i.  609 
Osteopsathyrosis,  vi.  430 
Osteosarcoma,  vii.  34,  907 

of  the  orbit,  iv.  115 
Osteosclerosis  of  the  mastoid  proc- 
ess, iii.  683 
Osteotomy  in  knock-kDee,^v.  374 
Othsematoma,  iii.  608,  687 
Otis'  dilating  urethrotome,  viii.  33 
urethrometer,  iv.  403 
urethroscope,  iv.  403 
Otitis    externa  circumscripta,   lu. 
617 
diffusa,  iii.  616 
diphtheritica,  iii.  620 
Otitis    media  as  a  cause  of  deaf- 
ness, iii.  374 
catarrhal,  iii.  588,  636 
chronic,  iii.  634 


Otitis  media,  intracranial  compli- 
cations, iii.  654 
purulent,  chronic,  iii.  637 
suppurative,  iii.  589 
Otoconia,  i.  621 
Otoliths,  i.  631 
Otology,  cocaine  in,  iii.  159 

therapeutics  of,  iii.  649 
Otomycosis,  iii.  615 
Otophone,  iii.  633 
Otorrhoea,  in  chronic  purulent  otitis 

media,  iii.  638 
Ottawa,  Canada,  vi.  430 
Otto  of  rose,  vi.  1000 
Ouabain,  vi.  430 
Ourari,  iii.  338 
Ouray  Springs,  vi.  430 
Ovarian  extract,  vi,  415 
plexus,  vii.  579 
pregnancy,  vi.  434 
transplantation,  ii.  716 
Ovariotomy,  vi.  440 

for  inoperable  cancer,  ii.  644 
Ovary,  vii.  150 

absence  of  the,  vi.  431 ;  vii.  70» 
accessory,  vi.  431 
adenocarcinoma  of,  vi.  437 
adenoma  of,  i.  114 
anatomy  of,  vii.  150 
atrophy  of,  vi.  433 
blood-vessels  of,  v.  436 
cancer  of,  vi.  437 
cirrhotic,  vi.  433 
Congestion  of,  vi.  433 
cystadenoma,  iii.  343 
cysts  of,  i.  37 ;  iii.  351 ;  vi.  437 
dermoid,  vi.   439;   vii.  693^ 
733;  viii.  581 
development  of,  vi.  449 
diseases  and  new -growths  of  the, 

vi.  431 
displacements  of,  iv.  683 ;  vi.  433 
effect  of  removal  of,  vi.  415 
electrotherapeutics  in  disease  of, 

iii.  764 
endothelioma  of  the,  vi.  436 
examination  of,  iv.  461 
extract  of,  vi.  415 
fibroma  of,  vi.  436 
hsematoma  of,  vi.  434 
hernia  of,  iv.  683;  vi.  432;  viii. 

163 
hypertrophy  of,  vi.  433 
inflammation  of,  vi.  433 
lymphatics  of,  v.  637 
malformations  of,  vii.  709 
myoma  of,  vi.  436 
papilloma  of,  iii.  343 ;  vi.  439 
prolapse  of,  vi.  433 
sarcoma  of,  vi.  436 
syphilitic  disease  of  the,  vii.  636 
teratoma  of,  vii.   693,  723;  viii. 

581 
third,  vi.  431 
transplantation  of,  ii.    716;   vi. 

431 
tuberculosis  of,  vi.  435 
tumors  of  the,  i.  38 ;  vi.  435 
Overcoats  for  soldiers,  v.  796 
Overcrowding  as  a  cause  of  dysen- 
tery, iii.  S67 
in  barracks,  v,  809 
Overdevelopment  and  heredity, 

iv.  663 
Overexertion  a  cause  of  insanity, 

V.  33 
Overtones,  i.  613 
inharmonic,  i.  614 
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Overwork,  results  of,  vi.  327 
Ovi  albumen,  iii.  737 
Oviduct,  anatomy  of,  vii.  154 
Ovulation,  v.  743 

relation  to  chlorosis,  iii.  27 
to  menstruation,  v.  743 
Ovum,  iii.  172;  vi.  446 
abnormal,  iii.  175 

condition  of,  favoring  extra- 
uterine pregnancy,  iv.  55 
classification,  vi.  448 
development  of,  iii.  47;  vi.  450 
embryology  of,  vi.  447 
entrance  of  spermatozoon  into, 

iv.  847 
envelopes  of,  vi.  448 
historical,  vi.  447 
morphology  of,  vi.  447 
segmentation  of  the,  vii.  106 
segmented,  ii.  2 
Owens  Lake,  vi.  452 
Owosso  Spring,  vi.  452 
Oxalate  of  cerium,  ii.  778 
of  iron,  v.  228 
plasma,  ii.  35 
Oxalic  acid,  vi.  452 

germicidal  action  of,  iv.  335 
in  the  urine,  viii.  38 
poisoning  by,  vi.  452 
analysis  of,  vi.  453 
lethal  dose,  vi.  453 
post-mortem  appearances,  i. 

663;  vi.  453 
symptoms,  vi.  452 
treatment,  vi.  453 
tests,  vi.  454 
tests  for,  vi.  454 
Oxalidacese,  poisonous  plant  of,  vi. 

695 
Oxalis  acetosella,  vi.  452 
poisonous  plant,  vi.  706 
Oxalis  family,  see  Oxalidacem 
Oxaluria,   an   auto-intoxication,   i. 

645 
Oxaluric  acid  in  urine,  viii.  38 
Oxaphor,  see  OxycampTwr,  vi.  454 
Oxford  Mineral  Spring,  vi.  454 
Oxidase,  iii.  843 
Oxidation,  site  of,  in  the  body,  vi. 

950 
Oxide  of  iron,  hydrated,  v.  225 
of  lead,  V.  471 
of  magnesium,  v.  673 
of  manganese,  black,  v.  686 

toxicology  of,  V.  687 
of  mercury,  v.  755 

black,  V.  755 
of  silver,  vii,  214 
of  zinc,  viii.  338 
Oxonite,  an  explosive,  vii.  911 
Oxyamins,  ptomains,  vi.  786 
Oxycamphor,  vi.  454 
Oxy  -  chinolin  -  sulphonate,     vii. 

216 
Oxyconiine,  iii.  239 
Oxycopaivic  acid,  iii.  278 
Oxycymol,  ii.  706 
Oxygen,  vi.  454 

germicidal  action  of,  iv.  386 
therapeutics  of,  iv.  455 
Oxygen- consuming    capacity    of 

water,  viii.  389 
OxyhsemoglobiL,  ii.  27 
Oxyphiles,  ii.  30 
Oxyquinaseptol,  vi.  455 
Oxyuris  compar,  vi.  223 

vermicularis,  i.  363 ;  vi.  223,  504 
in  the  nasal  cavities,  vi.  142 


Ox-warble,  v.  153 

Oysters  as  food  for  invalids,  iii.  455 

poisoning  by,  iv.  189 
Ozone,  chemistry  of,  i.  151 

germicidal  action  of,  iv.  335 

Pacchionian  bodies,  ii.  389 
Fachyakria,  see  Acromegaly 
Pachydermatocele,  iii.  486 
Pachydermia,  v.  416,  417 

laryngis,  v.  417 
Pachymeningitis,  ii.  390 

a  cause  of  headache,  iv.  553 
acute,  vii.  332 

cervicalis  hypertrophica,  ii.  393 ; 
vii.  333 
hypertrophica,  hand  in,  iv. 
531 
complicating  otitis  media,  iii.  655 
externa,  ii.  391 
hemorrhage  in,  ii.  393 
interna,  ii.  391 
Pachymeninx  =  dura,  ii.  309 
Pacific  Congress  Springs,  vi.  455 
Pacinian  bodies,  viii.  682 

pathology  of,  vi.  456 
Pacini's  solution,  ii.  40 ;  iv.  709 
Pack,  Merriam's,  v.  798 
Psedogenesis,  ii.  515 
Pagenstecher's  ointment,  iv.  130 
Paget's  disease  of  bone,  see  Ostei- 
tis defm-mans 
of  the  nipple,  ii.  473,  631,  681; 
iii.  430 
Pagosa  Springs,  vi.  456  . 
Pail  douche,  iii.  194 
Pain,  vi.  457 

appreciation  of,  vi.  458 

checked  by  belladonna,  i.  743 

in  acute  bronchitis,  ii.  489 

in  appendicitis,  i.  434 

in  cystitis,  i.  776 

in  diarrhoea,  iii.  438 

in  gastric  diseases,  vii.  494 

in  gunshot  wound,  iv.  440 

inhibition  of,  v.  35 

in  inflammation,  v.  7 

in  urethritis,  i.  776 

irradiated,  v.  331 

localization  of  the  feeling  of,  vi. 

458 
on  urination,  viii.  484 
persistent,   in    fractures,    treat- 
ment of,  iv.  357 
referred,  vii.  119 
sensation  of,  vii.  230 
varieties  of.  vi.  457 
Painless  whitlows,  v.  865 
Palaeontology,  i.  758 

an  evidence  of  evolution,  iv.  31 
Palaquium  gutta,  iv.  456 
Palate,  aphthas  of  the,  viii.  488 
cleft,  iii.  131 
hard,  in  insanity,  v.  51 
lymphatics  of,  v.  638,  639 
soft,  viii.  107 

diseases  of,  viii.  107 
Palatoglossus  muscle,  viii.  107 
Palatomaxillary  index,  vii.  231 
Palatopharyngeus   muscle,   viii. 

107 
Pale  bark,  iii.  93 
Palm  Beach,  Florida,  vi.  458 
Palmar  fascia,   Dupuytren's  con- 
traction of,  iv.  517 
Palmar  induration,  iv.  535 
Falmaris  brevis  muscle,  anomalies 
of,  vi.  55 


Falmaris  longus,  iv.  484 

anomalies  of,  vi.  53 
Palmyra  Mineral  Springs,  vi.  459 
Palpation  of  the  heart,  ii.  830 
of  the  kidney,  v.  357 
of  the  lungs,  ii.  815 
Palpebree,  iv.  64 

Palpitation  of  the  heart,   treat- 
ment, iv.  610 
Palsy,  Bell's,  see  Facial  paralysis 
chronic  progressive  bulbar,  vi. 

66;  viii.  635 
infantile  cerebral,  hand  in,  iv.  533 
lead,  V.  473 
shaking,  vi.  485 
wasting,  vi.  64 
Falta,  i.  191 

Panacea  Springs,  vi.  459 
Panaquilon,  iv.  353 
Panaris,  syphilitic,  iv.  506 
Panaritium,  i.  49;  iv.  503 

analgesic,  v.  865 
Panas'  operation  for  ptosis,  iv.  131 
Panax,  iv.  353 

ginseng,  iv.  353 
quinquefolium,  iv.  353 
Panclastite,  an  explosive,  vii.  911 
Pancreas,  abscess  of,  see  Pancrea- 
titis, suppurative 
accessory,  vi.  471 
administration  of,  vi.  416 
amyloid  infiltration  of,  vi.  464 
anatomy,  i.  15;  vi.  459,  471 
blood  supply  of,  vi.  460 
calculi  in,  iii.  331 ;  vi.  468,  478 
carcinoma  of,  i.  30;  vi.  470,  478 
cvsts  of,  i.  30;  iii.  350;  vi.  469, 

475 
diseases  of  the,  vi.  464 

diarrhoea  in,  iii.  440 
duct  of,  vi.  460,  473 
effects  of  extirpation  of  the,  vi. 

416 
enzymes  of,  vi.  479 
fatty  and  hyaline  changes  in,  vi. 

464 
hemorrhage  in,  vi.  464 
inflammations  of,  vi.  465;   and 

see  Pancreatitis 
internal  secretion  of,  vii.  104 
lymphatics  of,  v.  638 
malformations  of,  vii.  705 
metabolic  function  of  the,  vi.  416 
minus,  vi.  471 
minute  anatomy  of,  vi.  460 
necrosis  of,  vi.  473 
new  growths  of,  vi.  470,  478 
physiology,  vi.  461 
secretion,  vi.  461 ;  vii.  93 

influence     of     sympathetic 
nervous  system  on,  vii.  584 
of,  disturbances  of,  effect  on 
metabolism,  v.  774 
surgical,  vi.  471 
syphilitic  lesion  of,  vii.  634 
traumatism  of,  vi.  473 
tumors  of,  i.  30;  vi.  470,  478 
diagnosed    from    renal    tu- 
mors, v.  339 
wounds  of,  vi.  473 
Pancreatic  juice,  secretion  of,  vi. 
461 
chemistry  of,  vi.  463 
enzymes  of,  iii.  474;  vi.  463 
part  taken,  in  digestion,  iii.  474 
Pancreatin,  vi.  479 
Pancreatine,  vi.  480 
Pancreatitis,  acute,  vi.  465 
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Pancreatitis,    acute    liemonliagic, 
vi.  465 
suppurative,  vi.  466,  473 
clironio,  vi.  474 
•gangrenous,  vi.  466 
interacinar,  vi.  467 
interlobular,  vi.  467 
varieties  of,  vi.  465 
Pancreon,  vi,  481 
Pangenesis,  iv.  646,  649 
Pani-ghao,  vi.  231 
Panmixia,  iii.  3S1 ;  iv.  34 
Panniculus  adiposus,  viii.  556 
Pannus,  iii.  385 
crassus,  iii.  385 
tenuis,  iii.  385 
Panopbthalmitis,  iii.  67 
Panphlebitis,  viii.  310 
Pantagraph.,  foi-  recording  scoliosis 

V.  463 
Pao  Pereira  bark,  iv.  314 
Pap,  how  to  make,  iii.  458 
Papain,  iii.  843 ;  vi.  482 
Papaver  album,  vi.  383 
glabrum,  vi.  383 
officinale,  vi.  383 
rlieas,  vi.  735 
somniferum,  vi.  383 
Papaveracese,  poisonous,  vi.  695 
Papaveric  acid,  vi.  735 
Papaverine,  vi.  385 
Papaw  juice,  vi.  481 
Papaya,  vi.  481 
Papayotin,  vi.  483 
Paper,  a  form  of  medicine,  v.  737 
asthma,  vi.  745 

of  nitrate  of  potassium,  vi.  745 
Paper-coil  extraction  method  of 
determining  fat  in  milk,  v.  837 
Papilla,  optic,  iv.  77 
Papillary  carcinoma,  ii.  683 
Papillionaceas,  poisonous  plant  of, 

vi.  695 
Papilloma  neuropathicum,  vi.  90 
neuroticum,  vi.  90 
of  the  auricle,  iii.  667 
of  the  bladder,  i.  768,  769,  791 
of  the  conjunctiva,  iv.  108 
of  the  Fallopian  tubes,  iv.  138 
of  the  larj'nx,  v.  432 
of  the  middle  ear,  iii.  668 
of  the  nose,  vi.  140 
of  the  oesophagus,  vi.  343 
of  the  pharynx,  vi.  602 
of  the  tonsil,  vii.  832 
of  the  ureters,  viii.  13 
Pappoose  root,  iii.  191 
Paquelin's  thermo-cautery,  ii.  758 
Para  -  acet  -  amido  -  phenol  ethyl 

carbonate,  vi.  483 
Para-acet-phenetidin,  vi.  606 
Paracele  =  lateral  ventricles,  ii.  168 
Paracentesis  pericardii,  vi.  568 
Paracephalus,  vii.  678 
Paracholia,  vi.  488 
Para  coto,  iii.  396 
Paracotoin,  iii.  396 
Paracousis,  iii.  603 
Paracusis  localis,  iii.  660 
loci,  iii.  603 
Willisii,  iii.  660 
Paracystitis,  i.  773 
Paradise  Spring,  yi-  483 
Paraesthesia,  vii.  117,  119 
in  neurasthenia,  vi.  MO 
of  the  larynx,  v.  438 
of  the  pharynx,  vi.  605 
Paraffin  cancer,  i.  683 


Paraffin,  injection  of,  in  reparative 
surgery,  vi.  908 
injections  of,  for  saddle  nose,  vi. 
134 
Paraffin-xylol,  vi.  483 
Paraform,  iv.  346;  vi.  483 
Paraformaldehyde,  vi.  483 
Parageusia,  vii.  794 
Paragonimus,  vii.  867 

Westermanii,  vii.  867 
Paragraphia,  i.  410 
Paraguay,  PharmacopoRia  in,  vi.  55 

tea,  V,  713 
Paraiso  Hot  Springs,  vi.  483 
Parakeratosis,  iii,  391 
Paralactic  acid,  see  Lactic  acid 
Paraldehyde,  vi.  484 

hypnotic  action  of,  iv.  817 
Paralysis,  vi.  484;  and  see  Idioct/, 
pdvalytic 
acute  ascending,  vii.  337 
etiology,  vii.  337 
pathology,  vii.  328 
prognosis,  vii.  328 
symptoms,  vii.  828 
treatment,  vii.  339 
agitans,  vi.  485 

clinical  history,  vi.  485 
diagnosis,  vi.  487 
etiology,  vi.  485 
prognosis,  vi.  487 
symptoms,  vi.  486 
tile  hand  in,  iv.  533 
treatment,  vi.  487 
arsenical,  vi.  488;  viii.  370 
diagnosis,  vi,  489 
etiology,  vi.  488 
pathology,  vi.  489 
prognosis,  vi.  489 
symptomatology,  vi.  488 
treatment,  vi.  489 
asthenic  bulbar,  viii.  637 
bulbar,  viii.  635 
acute,  viii.  636 
asthenic,  viii.  637 
progressive,  viii.  635 
central,  vi.  484 

a  cause  of  death,  iii.  377 
cerebral,  vi.  485 

complicating  diphtheria,  iii.  486 
diphtheritic,  vi.  489 
diagnosis,  vi.  491 
etiology,  vi,  489 
pathology,  vi,  489 
prognosis,  vi.  491 
symptoms,  vi.  490 
effect  of  massage  in,  v.  698 
facial,   iv.   124;  and  see  Facial 
pa,ralysi& 
in  chronic    purulent  otitis, 
iii.  638 
functional,  vi.  484 
general,  of  the  insane,  v.  86 ;  and 
see  Paresis 
of  the  insane,  as  subject  of 

litigation,  vi.  239 
of  the  insane,  prognosis,  v. 

69 

of  the  insane,  syphilitic,  vu. 
637 
glosso-labio-laryngeal,  vi.  66 
hypoglossal,  iv.  834 
hysterical,  i.  473 ;  vi.  484 
infantile,  iv.  683 

kyphosis  in,  v.  378 
in  fracture,  treatment  of,  iv.  357 
in  hysteria,  iv.  833 
in  Pott's  disease,  vii.  409 


Paralysis,     labio-glosso-laryngeal, 
viii.  628 
Landry's,  vii.  337 
laryngeal,  v.  439 
muscular,  from  lead,  v.  473 
of  half  of  the  diaphragm,  vi.  631 
of  the  diaphragm,  iii,  436 
of  the  extremities,  due  to  auto- 
intoxication, i,  644 
of  the  hand,  iv.  527 
of  the  laryngeal  muscles,  v.  439 
of  the  median  nerve,  i.  471 
of   the   musoulo-spiral  nerve,  i. 

471 
of  the  pharynx,  vi,  605 
of  the  sphincter  of  pupil  and  cil- 
iary muscle,  iv,  99 
of  the  vocal  cords,  v.  429 
organic,  vi.  484 
peripheral,  vi.  484 
progressi  ve  bulbar,  vi.  60;  viii,  625 
pseudo  -  hypertrophic,     causing 

paraplegia,  vi,  499 
spastic  spinal,  vii,  350 
spinal,  vi,  484;  vii,  344 
ulnar,  i.  471 
varieties,  vi.  484 
Parametritis,  see  Pelvic  peritonitis 
Paramcecium  coli,  viii,  547 
Paramorphine,  vi,  385 
Paramucin,  vi,  493 
Paramyoclonus     multiplex,    vL 
493 
of  upper  extremity,  i.  467 
diagnosis,  vi.  493 
etiology,  vi.  498 
pathology,  vi.  493 
prognosis,  vi,  493 
synonyms,  vi,  493 
treatment,  vi,  493 
Paranephritis,  i,  34;  v.  359 
Paranoia,  v.  187 
alcohohc,  v,  140 
cause  of,  v.  139 
conduct  in,  v,  139 
delusions  in,  v.  138 
diagnosis,  v.  140 
erotic,  v.  140 
etiology,  v.  137 
forms  of,  V.  139 
hallucinations  in,  v.  138 
history,  v.  137 
pathology,  v.  137 
prognosis,  v.  140 
querulent,  v.  140 
religious,  v.  140 
symptomatology  ,.v.  138 
synonyms,  v.  137 
train  of  thought  in,  v.  138 
treatment,  v.  140 
Para-oxyphenylalanin,  ptomain, 

vi.  788 

Parapedesis  of  bile,  vl.  483 

Paraphasia,  i.  410 

Paraphenetidin,  see  Sedatin 

Paraphimosis,  vii.  174 

complicating  chancroid,  u.  797 

Paraplegia,  vi.  494 
anjemic,  vi.  499 
cervical,  hand  in,  iv.  531 
dependent  upon  idea,  vi.  499 
dolorosa,  vi.  498  _ 

from  multiple  neuritis,  vi.  499 
from  tabes  dorsalis,  vi.  499 
Gowers'  ataxic,  vii.  337 
hysterical,  vi,  499 
intermittent,  vi,  499 
lesions  producing,  vi.  495 

861 


Paraplegia, 
Percussion. 


GENERAL  INDEX. 


Paraplegia,  malarial,  vi.  499 
of  Pott's  disease,  vi.  498 
pathology,  vi.  496,  498 
reflex,  vi.  499 
spastic,  vi.  499 
treatment,  vi.  499 
Para  rubber,  vi.  1003 
Parasinusal  spaces,  ii.  362 
Parasites,  i.  680;  vi.  500 

a  cause  of  peritonitis,  viii.  500 
animal,  vi.  500 

as  food  poison,  iv.  184 
cephalic,  vii.  690 
eflect  upon  the  host,  vi.  503 
embolus  from,  iii.  789 
embryos  of,  in  faeces,  vi.  501 
in  sputum,  vi.  503 
in  urine,  vi.  501 
factors  controlling  number  of, 

vi.  505 
human,  eggs  of,  vi.  503 
life  history  of,  vi.  504 
location  of,  vi.  500 
mode  of  entry,  vl.  505 
ova  of,  in  faeces,  vi.  501 
in  sputum,  vi.  501 
in  urine,  vi.  501 
mercury  for  killing  of,  v.  756 
metastasis  of,  v.  779 
of  animals,  in  relation  to  public 

health,  viii.  283 
in  the  bladder,  vi.  501 
in  the  blood-vessels,  vi.  501 
in  the  bi-ain  and  membranes,  vi. 

500 
in  the  chorion,  iii.  63 
in  the  connective  tissue,  vi.  501 
in  the  eye,  vi.  500 
in  the  fseces,  iv.  139 
in    the    gall   bladder   and    gall 

ducts,  iv.  398 
in  the  heart,  iv.  583;  vi.  501 
in  the  kidney,  v.  344;  vi.  501 
in  the  large  intestines,  vi.  501 
in  the  liver,  v.  539;  vi.  501 
in  the  lungs,  vi.  501 
in  the  lymph-vessels,  vi.  501 
in  the  muscles,  vi.  32,  501 
in  the  nasal  cavity,  vi.  143 
in  the  oesophagus,  vi.  343 
in  the  omentum,  vi.  360 
in  the  pericardium,  vi.  563 
in  the  skin,  vi.  500 
in  the  small  intestines,  vi.  501 
in  the  tonsils,  vii.  830 
in  the  urine,  viii.  57 
in  the  veins,  viii.  318 
in  the  vitreous,  viii.  268 
of  sestivo-autumnal  fever,  vi.  659 
of  malarial  fever,  vi.  657 
ajstivo-aiitumnal,  vi.  658 
life  history  of,  in  mosquito, 

vi.  660 
quartan,  vi.  658 
tertian,  vi.  657 
of  quartan  fever,  vi.  658 
of  tertian  fever,  vi.  657 
Parasitic  affections  of  vulva,  viii. 
162 
causes  of  chloasma,  ii.  836 
diseases,  eosinophilia  in,  v.  493 
infiltration,  iv.  873 
insects,  v.  152 

theory  of  origin  of  carcinoma,  ii. 
679 
Paratela,  ii.  139 

Parathyroid  glands,  iv.  378;  vi. 
506;  vii.  773 


Parathyroid  glands,  anatomy,  vi. 
506 
pathology  of,  vi.  507 
Paratyphoid  fever,  vi.  507 
bacilli  of,  vi.  508 
pathology,  vi.  508 
prognosis,  vi.  508 
symptoms,  vi.  508 
Para  -  valeryl  -  amido  -  pheuetol, 

see  Sedatin 
Paraxone,  vi.  235 
Paregoric,  see  Camphorated  tincture 

of  opium,  vi.  387 
Pareira,  vi.  508 

brava,  vi.  508 
Parenchymatous    degeneration, 

iii.  394 
Paresis,  v.  86:  vi.  484 

diagnosis,  v. -91 

duration  of,  v.  91 

etiology,  v.  86 

general,  v.  69,  86 

pathology,  v.  92 

prognosis,  v.  69,  93 

symptomatology,  v.  88 

the  hand  in,  iv.  533 

treatment,  v.  93 

vesical,  i.  768 
Parethylaldehyde,  vi.  484 
Paricine,  iii.  93 
Parietti's  bouillon,  viii.  371 
Parilla,  yellovir,  v.  859 
Parillin,  vii.  41 
Paris,  vi.  509 
Paris    Chalybeate    Springs,    vi. 

509 
Paris  green,  poisoning  by,  see  Ar- 

senic 
Paris  quadrifolia,  vi.  509 
Parisette,  vi.  509 
Parker  Mineral  Spring,  vi.  509 
Parkinson's  disease,  vi.  485 
Park's  Springs,  vi.  509 
Paroccipital  fissure,  ii.  198,  300 
Paronychia,  iv.  503;  vi.  94 

diabetic,  iv.  510 

diagnosed  from  alnhum,  i.  146 

malignant,  iv.  510 

syphilitic,  iv.  505;  vii.  617 

toxic,  iv.  510 

traumatic,  iv.  510 

trophic,  iv.  510 
Parorexia,  vii.  494 
Parosmia,  vi.  131 
Parotid  extract,  vi.  417 
Parotid  gland,  vi.  199 

adenoma  of,  vi.  510 

calculi  of,  vi.  511 

cancer  of,  ii.  638 

carcinoma  of,  vi.  511 

cysts  of,  vi.  511 

diseases  and  injuries  of,  vi.  509 

echinococcus  of,  vi.  511 

enchondroma  of,  vi.  510 

endothelioma  of,  vi.  511 

fibroma  of,  vi.  511 

fistula  of,  vi.  510 

inflammation  of,  see  Parotitis  &nA 
Mvmps 

injuries  of,  vi.  509 

lipoma  of,  vi.  511 

lymphatic  glands,  v.  630 

melanosarcoma  of,  vi.  511 

myxoma  of,  vi.  511 

new  growths  of,  vi.  510 

rhabdomyoma  of,  vi.  511 

sarcoma  of,  vi.  510 
Parotiditis,  vi.  9 


Parotitis,  vi.   9,   511;   vii.  18,  14; 
and  see  Mumps 
chronic,  vi.  511;  vii.  14 
epidemica,  in  nevy-born,  vi.  278 
following  infectious  diseases;  vi. 

513 
secondary,  vi.  512 
symptomatic,  vii.  13 
toxic,  vi.  511 
Parovarium,  vii.  154 

cystadenoma  of,  iii.  344 
cysts  of,  iii.  351 ;  vi.  513 
diiseases  of,  vi.  513 
Pars  papillaris  of  skin,  viii.  676 
reticularis  of  skin,  viii.  674 
Parsley,  viii.  1 
Parthenogenesis,  vi.  614 
artificial,  vi.  515 
forms  of,  vi.  514 
Partnership  by  physicians,  viii.  630 

with  the  insane,  v.  76 
Partridge-berry,  viii.  313 
Parturition,  see  Labor 

leucorrhoea  following,  v.  495 
Parvolin,  ptomain,  vi.  788 
Pasque  flowers,  vi.  796 
Passengers,      inspection    of,    at 

quarantine  station,  vi.  833 
Passiflora,  vi.  517 
incarnata,  vi.  517 
lutea,"  vi.  517 
Passion  flower,  vi.  517 
Pastes,  caustic,  composition  of  va- 
rious, ii.  757 
phosphorus,  vi.  632 
Pasteur-Chamberland  filter,  viii. 

284,  422 
Pasteur  filter,  viii.  284 

pipettes,  viii.  426 
Pasteurization,  i.  687;  viii.  430 

of  milk,  V.  839 
Pasteur's   theory    of   fermenta- 
tion, iv.  146 
Patchouli  camphor,  vi.  517 

oil  of,  vi.  517 
Patella,  see  Knee-joint 

absence  of,  iv.  699 ;  vi.  517 
affections  and  injuries  of,  vi.  517 
ankylosis  of,  vi.  518 
atrophy  of,  vi.  518 
congenital  dislocation  of,  vi.  518 
diseases  of,  vi.  519 
dislocation  of,  iii.  527;  v.  274 
fracture  of,  iv.  266 
movements  of,  v.  371 
painful,  of  riders,  vi.  518 
pathological    displacements    of, 

vi.  518 
phenomenon,    v.    363;   and    see 

Knee-jerk 
reflex,  v.  363;  vi.  874;  and  see 

Knee-jerk 
retarded  development  of,  vi.  517 
rudimentary,  iv.  699 
slipping  of,  V.  275;  vi.  518 
split,  vi.  517 
tuberculosis  of,  vi.  519 
Patient  and  physician,  relation  of, 
viii.  631 
care  of,  before  labor,  v.  380 
carrying  of,  i.  492 
condition    of,    in    reference  to 
choice  of  general  anaesthetic, 
iii.  10 
disinfection  of,  iii.  504 
placing  of,  on  litter,  i.  491 
preparation  of,  for  anaesthetic, 
iii.  11 
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Patient,  preparation  of,  for  onera- 

tioD,  i.  567 
Pau,  vi.  519 

PauUinia  cupana,  iv.  435 
Pavilion  Spring,  vi.  520 
Pavy's  method  of  estimating  quan- 
tity of  glucose  in  urine,  viii.  41 
Pawlick's  triangle,  vii.  166 
Pear,  alligator,  i.  191 
"Pearl  white,"  i.  763 
Pearls  of  amyl  nitrite,  vi.  391 
Peau's  retractor,  iv.  828 
Peckham's  bouillon,  viii.  371 
Pectase,  an  enzyme,  iii.  84S 
Pectineus  muscle,  vii.  788 

anomalies  of,  vi.  57 
Pectoral    lymphatic    glands,    v. 

644 
Pectorales  muscles,  absence  of,  ii. 

806 
Fectoralis  major  muscle,   anom- 
alies of,  vi.  49 
Pectoralis  minimus  muscle,   vi. 

50 
Pectoralis  minor  muscle,  anom- 
alies of,  vi.  50 
Pectoriloquy,  ii.  818 
Pectus  carinatum,  ii.  810 
Pedicle,  torsion  of,  in  ovarian  cysts, 

vi.  439 
Pediculi,  a  cause  of  eczema,  iii.  716 

capitis,  V.  157 

ciliares,  iv.  119 

tabescentium,  v.  157 

vestimentorum,  v.  156 
Pediculidse,  v.  156 
Pediculoides  ventricosus,  i.  435 
Pediculosis,    diagnosed    from    ec- 
zema, iii.  715 
Pedipalpi,  v.  159 
Peliosis,  iii.  273 

Peliosis    rheumatica,  i.    454;    v. 
861;  vi.  815 

of  arm  and  forearm,  i.  454 
Pellagra,  vi.  520 

etiology,  vi.  521 

pathology,  vi.  521 

prognosis,  vi.  523 

symptoms,  vi.  521 

treatment,  vi.  522 
Pellagrozein,  vi.  531 
Pelletierine,  vi.  732 

tannate,  vi.  733 

used  for  tapeworm,  i.  363 
Pellitorin,  vi.  533 
Pellitory,  vi.  523 

German,  vi.  522 

Spanish,  vi.  522 
Pellote,  V.  761 
Pellotine,  v.  761 
Pelopaeus  cementarius,  v.  168 
Pelosine,  vi.  508,  509 
Pelveo-peritonitis,  see  Pelmc  peri- 
tonitis 
Pelvic  cellulitis,  vi.  530 

primary,  vi.  531 

secondary,  vi.  531 
Pelvic  organs,  hygiene  of,  during 

pregnancy,  iv.  844 
Pelvic  peritonitis,  vi.  583 
Pelvic  plexus,  vii.  578 
Pelvic  presentations,  vi.  392 
Pelvimeters,  vi.  523 

Baudelocque's,  vi.  523 

Breisky's,  vi.  523 
Pelvimetry,  v.  381 ;  vi.  523,  540 
Pelvis,  vi.  634 

anatomy  of,  vi.  584 


Paraplegia. 
Percussion. 


Pelvis,  anomalies  of  muscles  of,  vi. 

61 
articulations  of,  vi.  538 
axes  of,  vi.  540 
bones  of,  vi.  535 
boundaries  of,  vi.  584 
cavity  of,  vi.  539 
congestion     of     circulation    in, 

cause  of  metrorrhagia,  v.  787 
contracted,     an     indication    for 

Ccesarean  section,  ii.  544 
deformed,  vi.  523 

a  cause  of  dystocia,  vi.  534 
development  of,  vi.  543 
diameters  of,  vi.  540 
dislocation  of  bones  of,  iii.  523 
dohchopellic,  vi.  541 
double  obliquely  contracted,  vi. 

539 
examination  of,  in  medico-legal 

autopsy,  i.  659 
false,  vi.  539 

hernia  of  the  outlet  of,  Iv.  683 
indices  of,  vi.  541 
injuries  to,  a  cause  of  death,  i. 

670 
inlet  of,  vi.  539 

joints  of,  modified  during  preg- 
nancy, iv.  340 
relaxed  during  pregnancy, 
iv.  349 
ligamentous,  vi.  539 
ligaments  of,  vi.  538 
lymphatic  glands  and  plexus  of, 

V.  640 
lymphatics  of  the  viscera  of,  v. 

636 
measurements  of,  ii.  540 ;  v.  381 ; 

vi.  540 ;  and  see  Pelvimetry 
mesatipeUic,  vi.  541 
normal  position  of,  vi.  539 
obliquely  contracted,  vi.  538 
osseous,  vi.  535 
outlet  of,  vi.  539 
platypellic,  vi.  541 
sexual  differences  of,  Ii.  540 ;  vi. 

543 
straits  of,  vi.  539 
surface-markings  of,  vi.  534 
tumors  of,  effect  on  labor,  vi.  538 
true,  vi.  539 
Pemphigus,  vi.  543 
acute  febrile,  vi.  545 
acutus  contagiosus  neonatorum, 

vi.  380 
chronicus  vulgaris,  vi.  545 
febrilis,  vi.  545 

diagnosed  from  eczema,  iii. 

715 
diagnosed    from    smallpox, 
vii.  350 
foliaceus,  vi.  547 

diagnosed  fi'om  eczema,  iii. 
715 
neonatorum,  vi.  380,  543 
of  the  auricle,  iii.  606 
of  the  conjunctiva,  vi.  546 
of  the  pharynx,  vi.  591 
vegetans,  vi.  548 
Pendjeh  ulcer,  i.  170;  vii.  944 
Penghawar-Djambi,  iii.  86 
Penis,  iv.  333;  vii.  173 
absence  of,  vii.  173 
abnormalities  of,  vii.  173 
amputation  of,  vii.  178 
anatomy  of,  iv.  323 
calcification  of,  vii.  177 
cancer  of,  ii.  638 


Penis,  comparative  anatomy  of,  iv. 
331 

contusions  of,  vii.  176 

dislocation  of,  vii.  176 

double,  vii.  173,  710 

epitlielioma  of,  vii.  177 

extirpation  of,  vii.  178 

fibrosis  of,  vii.  177 

fracture  of,  vii.  176 

gangrene  of,  vii,  176 

horns  of,  vii.  177 

hypertrophy  of  glans  of,  i.  723 

inflammation  of,  vii.  176 

injuries  of,  vii.  176 

lymphatics  of,  v.  635 

malformation  of,  vii.  710 

ossification  of,  vii.  177 

sarcoma  of,  vii.  177 

supernumerary,  vii.  691 

torsion  of,  vii.  173 

tuberculosis  of,  vii.  177 

wounds  of,  vii.  176 
Penitis,  vii.  176 

Pennsylvania,   history  of    yellow 
fever  in,  viii.  587 

requirements  for  medical  prac- 
tice in,  iv.  48 
Pennyroyal,  American,  vi.  550 

genuine,  vi.  550 

European,  vi.  550 

mock,  vi.  550 
Pental,  vi.  550 

as  an  anaesthetic,  i.  393 
Pentamethylenediamin,  ptomaln, 

vi.  785 
Pentane,  vi.  971 

Pentastoma  denticulatum,  i.   439; 
iv.  583 
in  the  nasal  cavities,  vi.  143 
of  the  kidney,  v.  344 

serratum,  i.  439 

tsenioides,  in  the  nasal  cavities, 
•vi.  143 
Pentoses   in  the  urine,  see  Pento- 
suria 
Pentosuria,  vi.  550 
Penzance  and  the  Scilly  Islands, 

vi.  551 
Penzoldt's  test  for  acetone,  i.  67 
Pepo,  vi.  808 

as  an  anthelmintic,  i.  363 
Pepper,  vi.  552 

African,  ii.  653 

black,  ii.  654;  vi.  552 

Cayenne,  ii.  653 

long,  vi.  552 

red,  ii.  653,  654 

sweet,  ii.  654 

wliite,  vi.  552 
Peppermint,  vi.  553 
Pepsin,  vi.  554 

action  of,  iii.  473,  842 

effect  on  body  temperature,  11. 
571 

incompatibles,  vi.  556 

saccharated,  vi.  555 
Pepsis  formosa,  v.  168 
Peptonate  of  iron,  v.  339 
Peptone,  effect  on  body  tempera- 
ture, ii.  571 

in  the  urine,  viii.  83 
Peptonized  milk,  v.  839 
Peptonum  iodatum,  iii.  730 
Peptonuria,  viii.  33 

pyogenic,  viii.  83 
Peptotoxin,  ptomain,  vi.  791 
Percussion  of  heart,  ii.  830 

of  lungs,  ii.  815 

863 


Percussion. 
Pbenegol. 
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Percussion  of  skull,  ii.  406 

■wave  of  pulse,  vi.  798 
Pereirine,  iv.  314 
Perflation,  ventilation  of  ships  by, 

vi.  158 
Perforating  ulcer,  vii.  943 

of  the  foot,  vi.  557 
Perforation  of  diaphragm,  iii.  435 

of  nasal  septum,  vi.  135 
Periarteritis  in  the  chorion,  iii.  59 

nodosa,  ii.  108 
Pariarthritis  of  the  shoulder,  v. 

276 
Pericardial   cavity,   origin  of,   iii. 
181 
murmur,  ii.  831 
Pericarditis,  vi.  558 
acute,  cold  in,  iii.  195 
acute  plastic,  vi.  558 

effusion  in,  vi.  559 
adhesive,  pulse  in,  iv.  801 
bacteriology,  vi.  560 
calcareous,  vi.  559 
differential  diagnosis,  vi.  561 
etiology,  vi.  559 
gonorrhoeal,  viii.  526 
lilivsioal  signs  of,  ii.  833;  vi.  560 
prognosis,  vi.  562 
purulent,  vi.  561 
symptomatology,  vi.  560 
treatment,  vi.  562 
Pericardium,  iv.  568;  vii.  748 
abnormal  conditions  of,  vi.  558 
absence  of,  vi.  558 
adherent,  vi.  561 
anatomy  of,  vi.  558 
aspiration  of,  i.  580 
calcareous  deposits  in,  vi.  558 
calculi  in,  iii.  330 
carcinoma  of,  vi.  563 
cysts  of,  iii.  350 
diseases  of,  vi.  557 ;  vii.  756 

in  children,  vi.  563 
diverticula  in,  vi.  558 
dropsy  of,  iv.  787 
foreign  bodies  in.  vi.  558 
hydatids  of,  vi.  563 
.   iucision  of,  vii.  756 
inflammation  of,  see  Pericarditis 
milk  spots  on,  vi.  558 
new  growths  in,  vi.  563 
paracentesis  of,  vi.  563 
parasites  in,  vi.  563 
thinned,  vi.  558 

tuberculosis  of,  vi.  563;  vii.  902 
wounds  of,  vii.  733 
Perichondritis  laryngea,  v.  434 
Perichondritis  of  the  nasal  sep- 
tum, vi.  113 
Perichondrium,  ii.  705 
Pericystitis,  i,  773 
Peridental  membrane,  disease  of, 

vii.  659 
Perihepatitis,  v.  556;  vi.  6 
Perimeter,  vi.  393 

of  Scherk,  vi.  393 
Perimysium,  vi.  11 
Perineal  body,  vi.  568 
cavity,  iv.  333,  323 
fascia,  vi.  564 

section,  viii.   34;  and  see    Ure- 
throtomy, external 
Perineorrhaphy,  vi.  311 

secondary,  vi.  313 
Perinephritis,  i.  34 
Perineum,  anomalies  of  muscles  of, 
vi.  61 
female,  anatomy  of,  vi.  567 

8C4 


Perineum,  female,  triangular  liga- 
ment, vi.  567 
lacerations  of,  vi.  311 

Emmet's  operation  for,  vi. 

313 
Hegar's  operation    for,    vi. 

313 
treatment,  vi.  811 
lymphatics  of,  v.  635 
male,  iv.  333;  vi.  563 

anatomy  of,  iv.  383;  vi.  563 
exploration     of    bladder 

through,  vi.  566 
fascia  of,  iv.  322 ;  vi.  564 
muscles  of,  vi.  565 
testicle  in,  vi.  567 
triangular  ligament,  vi.  565 
preservation  of,  v.  387 
surgical  anatomy  of,  vi.  563 
Perineurium,  vi.  238 
Perioptometry,  vi.  393 
Periosteum,  ii.  117 

actinomycosis  of,  vi.  569 
angeioma  of,  vi.  569 
carcinoma  of,  vi.  570 
chondroma  of,  vi.  569 
fibroma  of,  iv.  155;  vi.  569 
inflammation  of,  see  Periostitis 
lipoma  of,  vi.  569;  viii.  481 
myoma  of,  vi.  569 
of  bones  of  arm  and  forearm, 

affections  of,  i.  464 
osteochondroma  of,  vi.  569 
osteoma  of,  vi.  569 
pseudocysts  of,  vi.  570 
sarcoma  of,  vi.  570 
tuberculosis  of,  vi.  569 
tumors  of,  vi.  569 
Periostitis,  vi.  419 

actinomycotic,  vi.  569 
albuminosa,  i.  46 
cranial,  causing  headache,  Iv.  553 
of  the  lower  jaw,  v.  253 
of  the  orbital  walls,  vi.  400 
of  the  upper  jaw,  v.  248 
tubei'culous,  vi.  569 
Periostosis,  vi.  435 
Peripachymeningitis,  acute,  vii. 

333 
Peripheral  plexus,  vii.  574 
Periproctal  phlegmon,  vi.  616 
Perisalpingitis,    iv.    134;  and  see 

Pelvic  peritonitis 
Periscleral  space,  iv.  65 
Perisporiales,  iv.  380 
Peristalsis  of  intestines,  v.  170 
Peristaltic  unrest,  vii.  503 
Perithelioma,  vii.  39 

of  the  kidney,  v.  325 
Peritoneum,  viii.  603 

adenocarcinoma  of,  vi.  571 
affected  in  tropical  abscess,  v.  534 
anatomy  of,  i.  15;  viii.  603 
angiosarcoma  of,  vi.  570 
carcinoma  of,  vi.  570 

differential  diagnosis,  vi.  8 
cystadenoma  of,  vi.  571 
cysts  of,  iii.  351 ;  vi.  571 
effusions  into,  iii.  79 
endothelioma  of,  vi.  570 
inflammation  of,  see  Peritonitis 
injury  to,  vi.  573 
lipoma  of,  vi.  571 
myxoangiosarcoma  of,  vi.  570 
new  growths  of,  vi.  570 
pseudomyxoma  of,  vi.  571,  774 
relation  of  the  Iddneys  to,  v.  309 
sarcoma  of,  vi.  570 


Peritoneum,  surgery  of,  v.  176 
surgical  affections  of,  vi.  572 
tuberculcsis  of,  i.  35;  vi.  8;  vii. 

901  ;  viii.  614 
tumors  of,  i.  35;  vi.  570 
Peritonitis,  viii.  603 

acute  circumscribed,  viii.  613 

general,  viii.  609 
bacteriology  of,  viii.  607 

blood  examination  in,  viii.  616 

carcinomatosa,  viii.  611 

chronic,  viii.  611 

tuberculous,  diagnosis,  vi.  8 

circumscribed,  vi.  572;  viii.  610 

comijlications,  viii.  610 

diagnosis,  viii.  615 

diarrhrea  in,  iii.  440 

differentiated     from      intestinal 
colic,  iii.  197 

diffuse,  vi.  573 

due  to  foreign  bodies,  viii.  606 

due  to  parasites,  viii.  607 

endogenous,  viii.  607 

etiology,  viii.  604 

exogenous,  viii.  607 

experimental,  viii.  611 

fibrinous,  viii.  609 

from  female  genital   tract,  viii. 
606 

gonorrlireal,  viii.  608 

hemorrhagic,  viii.  610 

hj'^sterical,  viii.  616 

idiopathic,  viii.  604 

infantile,  viii.  614 

metastatic,  viii.  606 

nephritic,  viii.  604 

operative,  viii.  604 

pathology  of,  viii.  608 

pelvic,  vi.  532 

perforative,  viii.  605 

pneumococcic,  viii.  608 

primary,  viii.  604 

puerperal,  viii.  614 

purulent,  viii    610 

putrid,  viii.  610 

rheumatic,  viii.  604 

secondary,  viii.  604 

serous,  viii.  609 

spontaneous,  viii.  604 

subacute,  viii.  610 

surgical,  viii.  604 

symptoms,  viii.  611 

terminal,  viii.  606 

traumatic,  viii.  604 

treatment,  viii.  616 

tuberculous,  i.  35  ;  vi.  8 ;  vii.  901 ; 
viii.  614 

ursemic.  viii.  604 
Perityphlitis,  i.  421;  and  see  Ap- 

peiuKcitis 
Perleche,  viii.  581 
Permanganate  of  potassium,  v. 
686 

as  a  deodorant,  iii.  413 

toxicology  of,  v.  687 
Pernicious  anaemia,  i.  271 ;  and  see 
Anmmia,  pernicious 

blood  changes  in,  ii.  69 
Pernicious  malarial  fever,  v.  679 

algid,  v.  679 

apoplectic,  v.  679 

choleraic,  v.  679 

comatose,  v.  679 

dysenteric,  v.  679 

pathological  anatomy,  v.  680 

treatment,  v.  680 
Pernio,  iii.  417;  iv.  581 
Perobrachius,  vii.  714 
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Percussion. 
Phenegol. 


Perodactylism,  vii.  715 
of  the  auricle,  iii.  607 
Peroneal  artery,  anomalies  of,  i. 

535 
Peroneo-calcaneus  internus  mus- 
cle, vi.  58,  59 
Peroneo-tibialis  muscle,  vi,  58 
Peroneus  accessorius  muscle,  vi. 

57 
Peroneus  bre vis,  anomalies  of,  vi.  57 
Peroneus  longus,  anomalies  of,  vi. 

57 
Peroneus  quartus,  vi.  57 
Peroneus  quinti  digiti,  vi.  57 
Peroneus  tertius,  anomalies  of,  vi. 

57 
Peronine,  vi.  573 
Peronosporales,  iv.  379 
Peropus,  vii.  714 
Peroxide  of  hydrogen,  iv.  786 

as  a  disinfectant,  i.  688 
Perry  Springs,  vi.  574 
Persea  gratissima,  i.  191 
Persecution,  senile,  v.  114;  and  see 

Insanity,  senile 
Persimmon,  vi.  574 
Persodine,  vi.  574 
Person,  disinfection  of  tbe,  iii.  497 
Personal  history  in  life  insurance, 

V.  510 
Personality,  alterations  of,  in  in- 
sanity, V.  50 
Perspiration,    vii.    317;    and    see 
Sweat 
action  of  cocaine  on  the  secretion 

of,  iii.  158 
in  insanity,  v.  53 
Per  sulphates,  vi.  574 
Pertussis,  viii.  306 ;  and  see  Wlioop- 

ing-cough 
Peru,  balsam  of,  i.  734 

Pharmacopoeia  in,  vi.  585 
Peruscabin,  vi.  574 
Peruvian  bark,  iii.  88 
Pes  gigas,  vi.  574 
planus,  iv.  304 
Pessaries,  viii.  81 

stem,  viii.  83 
Pestilence,  ii.  504 
Petecbise,  iii.  273 ;  vi.  575  * 

in  hffimopbilia,  iv.  473 
Petit  mal,  iii.  845 
Petit's  fracture  box,  iv.  355 

tourniquet,  i.  239 
Petri  dish,  viii.  427 
Petri's  sand  filter  for  air  analj'sis, 

viii.  447 
Petrifaction,  vi.  575 
Petrifying  infiltration,  vi.  575 
Petrissage,  v.  694 
Petrolatum,  vi.  576 
liquidum,  vi.  576 
molle,  vi.  576 
spissum,  vi.  576 
Petroleum  benzin  or  ether,  i.  744 

burns  from,  ii.  520 
Petropbaryngeus  muscle,  vi.  47 
Petrosquamous   sinus,   anomalies 

of,  viii.  304 
Petrosulfol,  vi.  576 
Petrous  bone,  fracture  of,  effect  on 

hearing,  iii.  603 
Pettenkofer's  method  of  determm- 
ing  CO2  in  the  air,  vi.  160 
test  for  bile,  i.  754 

for  bile  acids,  viii.  50 
theory  of  the  spread  of  cholera, 
viii.  359 
Vol.  viii.— 55 


Peumus  boldus,  ii.  114 

Peyer's  patches,  histology  of,  v. 

186 
Pezizales,  iv.  281 
Pfeifl'er's  bacillus,  v.  13 
blood  agar,  viii.  413 
reaction,  i.  716 
Pfiiiger's  law  of  contraction,  iii. 

770 
Phseoretin,  vi.  974 
Phagedsena,  hospital,  iv.  307 
Phagmesis,  i.  606 
Phagocytes,  ii.  81 
Phagocytosis,  ii.  31 ;  vi.  576 
Phalangeal  joint,  arthritis  defor 
mans  of,  v.  376 
diseases  of,  v.  376 
dislocation  of,  iii.  523,  530 
drainage  of,  v.  394 
Phalanges,  absence  of,  iv.  493 
deflections  of,  iv.  497 
fracture  of,  iv.  364,  369 
supernumerary,  iv.  494 
Phallales,  iv.  386 
Phantom  tumors,  vi.  778 
Pharaoh's  serpents,  poisoning  by, 

iv.  785 
Pharmacology,  calorimetry  in,  ii. 

570 
Pharmacopoeia,  vi.  580 
Argentine,  vi.  581 
Austrian,  vi,  581 
Belgian,  vi.  581 
Bolivian,  vi.  583 
Brazilian,  vi.  583 
British,  vi.  582 
Central  American,  vi.  582 
Chilian,  vi.  582 
Chinese,  vi.  582 
Danish,  vi.  582 
Dutch,  vi.  585 
French,  vi.  583 
General  and    International,   vi. 

589 
German,  vi.  583 
Greek,  vi.  584 
Haytian,  vi.  584 
history  of,  vi.  581 
Hungarian,  vi.  584 
Indian,  vi.  583 
in  Ecuador,  vi.  583 
in  Hawaiian  Islands,  vi.  584 
in  Paraguay,  vi.  585 
in  Peru,  vi.  585 
in  Uruguay,  vi.  586 
in  Venezuela,  vi.  586 
Italian,  vi.  584 
Japanese,  vi.  584 
Liberian,  vi.  585 
Mexican,  vi.  585 
Norwegian,  vi.  585 
Polish,  vi.  585 
Portuguese,  vi.  585 
precursors  of  the,  vi.  580 
Prussian,  vi.  583 
Russian,  vi.  585 
Spanish,  vi.  585 
Swedish,  vi.  586 
Swiss,  vi.  586 
Turkish,  vi.  586 
United  States,  vi.  586 
Universal,  vi.  589 
Pharyngeal    artery,   ascending, 

anomalies  of,  i.  537 
Pharyngeal  mycosis,  vi.  599 
Pharyngeal  nerves,  vii.  576 
Pharyngeal  plexus,  vii.  576 
Pharyngeal  tonsil,  vii.  823 


Pharyngitis,  acute  phlegmonous, 
vi.  593 
chronic  atrophic,  vi.  595 

follicular,  vi.  595 
diet  in,  iii.  456 
gangrenous,  vi.  590 
gouty,  vi.  590 
herpetic,  vi.  591 
infective,  vi.  590,  593 
in  the  exanthemata,  vi.  593 
lateralis,  vi.  595 
membranous,  vi.  591 
phlegmonous,  vi.  590 
rheumatic,  vi.  595 
septic,  vi.  592 
simple  acute,  vi.  590 
chronic,  vi.  594 
supiDurative,  vi.  593 
syphilitic,  vi.  596 
tuberculous,  vi.  597 
ulcerative,  vi.  592 
Pharyngocele,  vi.  346 
Pharyngomyoosis,  vii.  333 
Pharynx,  actinomycosis  of,  vi.  597 
adenoma  of,  vi.  603 
anaesthesia  of,  vi.  604  | 

angioma  of,  vi.  604 
anomahes  of  muscles  of,  vi.  4? 
carcinoma  of,  vi.  602 
cystoma  of,  vi.  602 
deformities  of,  vi.  600 
diaphragm  of,  vi.  600 
diphtheria  of,  iii.  484 
diseases  of,  vi,  590 
erysipelas  of,  vi.  593 
fibroma  of,  vi.  603 
foreign  bodies  in,  i.  159;  vi.  591 
glanders  of,  vi.  598 
hypersesthesia  of,  vi.  605 
hypersecretion  of,  vi.  605 
inflammation  of,  vi.  590 ;  and  see 

Pharyngitis 
lipoma  of,  vi.  604 
lymphatics  of,  v.  638 
malformations    and   deformities 

of,  vi.  600;  vii.  703 
measurements  of,  viii.  238 
medication  of,  v.  733 
membranous  diaphragm  of,  vi. 

600 
neuroses  of,  vi.  604 
papilloma  of,  vi.  603 
parsesthesia  of,  vi.  605 
paralysis  of,  vi.  605 
pemphigus  of,  vi.  591 
rheumatism  of,  vi.  591 
sarcoma  of,  vi.  604 
spasm  of  constrictors  of,  vi.  605 
stenosis  of,  vi.  600 
supernumerary  muscles  of,  vi.  47 
syphilitic  lesions  of,  vii.  633 
tumors  of,  vi.  603 
urticaria  of,  vi.  591 
wounds  of,  vi.  591 
Phelps'  machine  for  correction  of 
club-foot,  iv.  238 
operation  for  club-foot,  iv.  328 
for  harelip,  iv.  537 
Phenacetin,  vi.  606 

antipyretic  value  of,  vi.  608 
ethyl,  iv.  14 
methyl,  v.  781 
Phenaceturic  acid  in  urine,  viii. 

47 
Phenalgin,  vi,  607 
Phenazone,  i.  379 

relation  of,  to  phenacetin,  vi.  606 
Phenegol,  iii.  737 
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Plienocoll, 
Placenta. 
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PhenocoU,  vi.  607 

antipyretic  value  of,  vi.  608 

hydrochloride,  vi.  607 

relation  to  phenacetin,  vi.  606 

salicylate,  vi.  607 
Phenol,  ii.  655 

effect  of,  on  body  temperature, 
ii.  571 

poisoning  by,  vi.  608 
Phenol-bismuth.,  vi.  608 
Phenolphthalein,  vi.  608 
Phenols  in  urine,  viii.  43 
Phenol-sodium  sulforicinate,  vi. 

608 
Phenolsulfonate    of   copper,    iii. 

338 
Phenolsulphonates,  vii.  558 
Phenolsulphonic  acid,  vii.  558 
Phenopyrin,  i.  379 
Phenosal,  vi.  609 
Phenosalyl,  vi.  609 
Phenosuccin,  vi.  609 
Phenylacetamide,  i.  63 
Phenyl-acetic  acid,  vi.  609 

as  a  germicide,  ix.  381 
Phenylacrylic  acid,  iii.  93 
Phenylamine,  i.  357 
Phenyl  benzamide,  i.  744 
Phenylhydrazine,  vi.  609 
Phenylhydrazine  levulinic  acid, 

vi.  609 
Phenylhydrazine  test  for  glucose 

in  urine,  viii.  40 
Phenyl  proprionie  acid,  iv.  831 

as  a  germicide,  iv.  331 
Phenyl  salicylic  acid,  vi.  609 
Phenyl-urethane,  iv.  17 
Philadelphia,  Pa.,  vi.  609 

yellow  tevcrin,  viii.  588 
Philippines,  v.  688 
Phimosis,  vii.  173 

complicating  chancroid,   ii.   797 
gonorrhoaa,  iv.  401 
Phlebectasia,  viii.  215 

of  the  retina,  vi.  955 
Phlebitis,  viii.  210 

complicating  otitis  media,  iii.  658 

gonorrho'al,  viii.  527 

in  the  upper  extremity,  i.  470 

syphilitic,  ii.  107;  vii.  624 
Phleboliths,  viii.  314 
Phlebosclerosis,  ii.  105 ;  viii.  215 
Phlebothrombosis,  viii.  310 

purulenta,  viii.  211 
Phlebotomy,  ii.  71 
Phlegmasia  alba  dolens,  viii.  213 
Phlegmon,  vi.  610 

cervical,  diffuse,  vi.  593 

gas,  iv.  308;  vi.  611 

gastric,  vi.  617 

of  the  axilla,  vi.  615 

of  the  fingers  and  hands,  vi.  615 

of  the  foot,  vi.  616 

of  the  larynx,  vi.  617 

of  the  neck,  vi.  593,  614 

of  the  ffisophagus,  vi.  617 

of  the  scalp,  vi.  614 

of  the  testicle,  vi,  616 

of  the  thoracic  wall,  vi.  616 

of  the  upper  arm,  vi.  615 

periproctal,  vi.  616 

subhyoid,  vi.  593 

sublingual,  vi.  593 

submaxillary,  vi.   614;   and  see 
Ludwig's  angina 
Phlegmonous    pharyngitis,     vi. 
590 
acute,  vi.  593 
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Phlobaphene,  iv.  736 
Phlogosin,  ptomain,  vi.  791 
Phloridzin,  vi.  619 

glycosuria,  viii.  39 
Phloroglucin    test    for    formalde- 
hyde in  milk,  v.  841 
Phocomelus,  iv.  492 
Phoenix  dactylifera,  iii.  352 
Phonation,  v.  452 

function  of  the  nose  in,  vi.  106 
of  the  vocal  bands  in,  v.  451 

physiology  of,  v.  452 

respiratory  movements  in,  v.  452 
Phoradendron  flavescens,  v.  571 
Phosote,  vi.  620 
Phosphates,  creosote,  vi.  620 

in  the  urine,  viii.  55 

soluble  ferric,  v.  227 
Phosphatol,  vi.  620 
Phosphide,  zinc,  vi.  632 ;  viii.  339 
Phosphine,  poisoning  by,  vi.  633 
Phosphorated  oil,  vi.  631 
Phosphoric  acid,  vi.  630 

diluted,  vi.  630 

in  the  urine,  viii.  55 
Phosphoridrosis,  vi.  620 
Phosphorus,  vi.  630 

clinical  tests  for,  vi.  626 

effect  of,  on  foetus,  vi.  379 
on  workers  in,  vi.  326 

necrosis  from,  v.  254;  vi.  423,  635 

poisoning  by,  vi.  633 

properties,  vi.  630 

therapeutics,  vi.  631 
Phosphorus,    poisoning    by,    vi. 
633 

acute,  vi.  623 

antidotes,  vi.  634 

chronic,  vi.  634 

fatal  dose,  vi.  633 

post-mortem  appearances,  i.  663 ; 
vi.  634 

prophylaxis,  vi.  634 

symptoms,  vi.  633 

tests,  vi.  636 
Phosphorylquinine,  vi.  837 
Photographs,  copyright  of,  iii.  383 
Photography  for  recording  scolio- 
sis, V.  463 
Photomicrography,  vi.  636 
Photoptometers,  vi.  393 
Photoptometry,  vi.  393 
Phototherapy,    vi.    991;    and   see 

Actinotherapy,  and  Roentgen  rays 
Photoxylin,  vi.  630 
Phrenic  nerve,  vi.  630 ;  vii.  753 

anatomy,  vi.  680 

pathology  of,  vi.  631 

relations,  vi.  631 

surface  markings,  vi.  191 
Phrenic  plexus,  vii.  578 
Phrenograph,  vi.  950 
Phrynin,  ii.  703 
Phrynus,  v.  159 

lunatus,  V.  159 
Phthiriasis  of  the  eyelids,  iv.  119 
Phthirius  inguinalis,  v.  157 
Phthisis,  V.   601;  and  see  Lungs, 
tuberculosis  of 

climate  suitable  for,  Iv.  565 

dyspnoea  in,  iii.  580 

fibroid,  vi.  075 

health  resorts  for,  iv.  565 

miners',  v.  594 

occupation  as  an  etiological  fac- 
tor in,  vi.  317,  319 

pulmonary,  v.  601 
acute,  V.  601 


Phthisis,  pulmonary  chronic,  v.  601 
climato-therapy  of  Colorado 

Springs,  iii.  233 
cold  in,  iii.  195 
subacute,  v.  601 
stonecutters',  v.  594 
treatment  of,  at  Falkenstein,  iv. 
133 
Phycomycetes,  iv.  377,  278 

orders  of,  iv.  378 
Phydippus  tripunctatus,  v.  159 
Phylaxins,  iii.  844 
Phymatorhusin  in  urine,  viii.  51 
Physaloptera  caucasica,  vi.  223 
Physeter  macrocephalus,  vii.  377 
Physical   examination,    vi.    181, 

845 
Physical    measurements,    see 
Naval  hygiene,  and  Recruits,  exami- 
nation of 
Physicians,  collecting  fees  of,  iv. 
140 
relation  of,  to  the  law,  viii.  617 
relative  number  of,  as  compared 
with  existing  populations,  viii. 
631 
responsibilitj'  of,  v.  682 
Physiological  selection  in  evolu- 
tion, iv.  33 
Physiological  status,   modifying 

dosage,  iii.  551 
Physiology,  see  Biology 
Physostigma,  ii.  548 
venenosum,  ii.  548 
Physostigmine,  ii.  549 
as  a  myotic,  vi.  71 
salicylate,  ii.  549 
sulphate,  ii.  549 
Physosterin,  ii.  548 
Phytobdella  Meyeri,  iv.  703 
Phytolacca,  vi.  737 
decandra,  vi.  737 
poisonous,  vi.  700 
Phytolaccic  acid,  vi.  738 
Phytolaccin,  vi.  738 
Phytolaccine,  vi.  728 
Phytoparasites,  vi.  500  ' 
Pia,  cerebral,  ii.  213 
spinal,  vii.  299 
veins  of,  ii.  255 
Pialyn,  see  Steapsin 
Picea  succinifera,  i.  208 
Pichi,  vi.  631 
Pico,  ii.  828 
Picque,  ii.  828 
Picradonidin,  i.  127 
Picrsena  excelsa,  vi.  836 

Vellozii,  Ii.  706 
Picramnine,  ii.  706 
Picrasma  excelsa,  vi.  826 
Picrasmin,  alpha,  vi.  826 

beta,  vi.  826    ■ 
Picrates,  as  explosives,  vii.  910 
Picric  acid,  vi.  682 

germicidal  action  of,  iv.  335 
Picrol,  vi.  633 
Picropodophyllin,  vi.  689 
Picrotoxin,  iii.  162;  vi.  633 

effect  of,  on  body  temperature, 

ii.  671 
poisoning  by,  iii.  162 
Piedmont     White     Sulphur 

Springs,  vi.  633 
Piedra,  vi.  633 
Pieris  mariana,  poisonous  plant, 

vl.  707 
Pigeon- chest,  ii.  810 
Pigeon-heart,  ii.  810 
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Pigeon-toe,  iv.  314 
Pigmentary  degeneration,  iii.  395 
of  the  neurones,  vi.  262 
deposits,  iii.  397 
infiltration,  iii.  397 
Pigmentation  caused  by  drugs,  iii. 
422 
of  tlie  bronchial  glands,  v.  588 
of  the  chorion,  iii.  57 
of  the  lymph  nodes,  v.  660 
of  the  placenta,  vi.  651 
Pigmented  epithelium,  iii.  856 
Pigments,  iii.  323 ;  vi.  634 
absence  of,  vi.  635 
autochthonous,  vi.  634 
containing  arsenic,  poisoning  by, 

viii.  347 
deposit  of,  iii.  397 
extrinsic,  vi.  635 
hsematogenous,  vi.  635 
hepatogenous,  vi.  634 
infiltration  of,  iii.  397 
in  tattooing,  vi.  635 
in  the  choroid,  iii.  68 
in  the  urine,  viii.  50 
intrinsic,  vi.  634 
malarial,  vi.  635 
pathological,  vi.  634 

varieties  of,  vi.  634 
produced  by  bacteria,  i.  683 
respiratory,  iii.  323 
Pigne,  ii.  828 
Pigue,  ii.  838 
Piles,  see  Hemorrhoids 
Pills,  V.  737 

asafoetida,  i.  563 
Blancard's,  v.  225 
Blaud's,  v.  233 
blue,  V.  750 
chalybeate,  v.  323 
compound  antimony,  i.  375 
cathartic,  iii.  801 
rhubarb,  i.  194 
Lady  Webster's,  v.  470 
^   of  aloes,  i.  194 

and  asafojtida,  i.  194,  563 
and  iron,  i.  194 
and  mastich,  i.  194;  v.  700 
and  myrrh,  i.  194;  vi.  85 
of  carbonate  of  iron,  v.  333 
of  iodide  of  iron,  v.  325 
of  opium,  vi.  386 
of  phosphorus,  vi.  621 
Plummer's,  i.  375 
rhubarb,  iv.  974 
Vallet's  ferruginous,  v.  333 
Pilobolus,  iv.  378 
Piloearpidine,  v.  340 
Pilocarpine,  v.  239,  240 
as  a  diaphoretic,  iii.  433 
as  a  myotic,  vi.  71 
as  an  expectorant,  iv.  50 
hypodermatic  use  of,  iv.  820 
Pilocarpus,  v.  239;  and  see  Jaho- 
randi 
jaborandi,  v.  239 
microphyllus,  v.  239 
pennatifolius,  v.  339 
selloanus,  v.  239 
spicatus,  V.  239 
trochvlophus,  v.  239 
Pilomotor  nerves,  vii.  587 
Pimenta,  i.  192 

officinalis,  i.  192 
Pimpinella  anisum,  i.  357 
magna,  ii.  517 
saxifraga,  ii.  517 
Pimples,  i.  75 


Pin  operation  for  deviated  nasal 

septum,  vi.  126 
Pinacese,  poisonous  plants  of,  vi. 

695 
"  Pince  de  homard,"  iv.  493 
Pine     family,    see     Pinacem,    and 

Coniferm 
Pine  Lawn  Spring,  vi.  636 
Pineal  body,  ii.  166 
Pinehurst,  vi.  636 
Pinguecula,  iii.  247 
Pinkroot,  vi.  636 
Pinna,  i.  615 
Pinta,  vi.  637 
Pinus,  vii.  638,  913 
abies,  vi.  639 
canadensis,  vi.  639 
palustris,  vii.  638,  913 
picea,  vi.  639 
Pinworm,  i.  363 
Piorkowski's  urine  gelatin,  viii. 

416 
Pioxanthose,  vi.  790 
Piper,  vi.  552 

album,  vi.  553 
angustifolium,  v.  713 
betle,  vi.  552 
cubeba,  iii.  337 
longum,  vi.  553 
methysticum,  v.  301 
nigrum,  vi.  552 
officinarum,  vi.  552 
Piperazin,  vi.  638 
quinate,  vii.  214 
Piperin,  vi.  552 
Piperonal,  vi.  638 
Pipette,  blood,  Novy's,  viii.  374. 
of  Latapie,  viii.  374 
Pasteur's,  viii.  386 
Pipirine,  v.  301 
Pipsissewa,  vi.  638 
Piptoceplialis,  iv.  278 
.Pirate  bugs,  v.  161 
Pirogoff  s  amputation,  i.  359 
Piscidia,  iii.  550 

erythrina,  iii.  550 
Piscidin,  iii.  550 
Pisiuncinatus  muscle,  vi.  65 
Pistache  nuts,  v.  700 
Pistacia  lentiscus,  v.  699 
nuts,  V.  700 
vera,  v.  700 
Pistols,  iv.  428;   and  see   GunsJiot 

irutinds 
Pitch,  vii.  639 

black,  vii.  913;  and  see  Turpen- 
tine 
Burgundy,  vi.  639 
Canada,  vi.  639 
hemlock,  vi.  639 
naval,  vii.  689 
Pituitary  gland,  ii.  166;  vi.  639 
anatomy,  vi.  639 
effect  of  removal  of,  vi.  413 

on  metabolism,  v.  775 
embryology,  vi.  640 
function  of,  vi.  413 
histology,  vi.  639 
pathology,  vi.  640 
physiology,  vi.  641 
secretion  of,  vii.  103 
therapeutics  of,  vi.  413 
Pituri,  iii.  562 
Piturine,  iii.  562 
Pityoxylon  succiniferum,  i.  308 
Pityriasis,  vi.  642 

alba  of  external  auditory  canal, 
iii.  616 


Pityriasis,    caused    by    potassium 
bichromate,  iii.  423 
pilaris,  v.  307;  and  see  Keratosis 

pilaris 
rosea,  viii.  623 
rubra,  viii.  623 

diagnosed  from  eczema,  ill. 

715 
pilaris,    v.     507;     and    see 
Lichen  ruber  aeuminatus, 
V.  507 
pilaris,  diagnosed  from  ec- 
zema, iii.  714 
tabescenti\mi,  vii.  88 
versicolor,    vii.     783;    and    see 
Tinea  versicolor 
Pix  burgundica,  vi.  639 
canadensis,  vi.  639 
liquida,  vi.  638 

as  an  expectorant,  iv.  51 
navalis,  vi.  639 
Pixol,  vi.  642 
Placenta,  vi.  642 

abnormalities  of  site  of,  vi.  650 
adhesions  of,  vi.  651 
anatomy  of,  vi.  642 
anomalies  of    development,   vi. 
649 
in  form,  vi.  648 
apoplexy  of,  vi.  650 
atrophy  of,  iii.  56 ;  vi.  651 
battledore,  vi.  644,  650 
biloba,  vi.  649 
bipartita,  vi.  648,  649 
blood  of,  ii.  37 
calcification  of,  vi.  651 
changes  in,  after    abortion,   vi. 
651 
after  death  of  the  foetus,  vi. 
651 
circulatory  disturbances  in,   vi. 

650 
circumvallata,  vi.  650 
cloudy  swelling  of,  iii.  56 
Crede's    method    of  expressing 

the,  V.  389 
cysts  of,  vi.  652 
delivery  of,  v.  389 
detachment  of,  vi.  651 
development  of,  vi.  645 
dimidiata,  vi.  648,  649 
duplex,  vi.  648,  649 
fatty  degeneration  of,  vi.  651 
feuestrata,  vi.  649 
gonorrheal  inflammation  of,  vi. 

651 
hemorrhage  of,  iii.  53 ;  vi.  650 
hyaline  degeneration  of,  vi.  651 
hydropic  degeneration  of,  iii.  57 
hyperiemia  of,  iii.  53 
hypertrophy  of,  vi.  651 
in  extra-uterine  pregnancy,  iv. 

58 
infarction  of,  iii.  54 
inflammation  of,  iii.  58 ;  and  see 

Placentitis 
in  twins,  vi.  049 
marginata,  vi.  650 
membranacea,  vi.  648,  650 
multiloba,  vi.  649 
necrosis  of,  vi.  651 
cedemaof,  iii.  53;  vi.  650 
pathology  of,  vi.  649 
panduraformis,  vi._649 
pigmentation  of,  vi.  651 
polyps  of,  vi.  6.51 
prsevia,  vi.  650,  652 
progressive  changes  in,  iii.  57 
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Placenta  reflexa,  vi.  650 

reniformis,  vi.  649 

retrograde  changes  in,  vi.  650 

septuplex,  vi.  648 

site  of,  in  Csesarean  section,  ii. 
543 

spuria,  vi.  648,  649 

succenturiata,  vi.  648,  649 

syphilis  of,  vi.  651 

thrombosis  of.  iii.  58 

triloba,  vi.  649 

triplex,  vi.  648 

tuberculosis  of,  iii.  60;  vi.  651 

tumors  of,  vi.  653 

weight  of,  iv.  417 
Placenta  praevia,  vi.  650,  652 

clinical,  vi.  653 

etiology,  vi.  653 

treatment,  vi.  653 

varieties,  vi.  653 
Placentitis,  iii.  58 

gonorrhoeal,  vi.  651 
Placentoma,  iii.  60 
Placido's  keratoscopic  disc,   vi. 

394 
Plagiomonas  urinaria,  viii.  646 
Plague,  among  troops,  ii.  575 

bacillus,  i.  719 

bubonic,  ii.  504 ;  and  see  Bubonic 


oriental-,  ii.  504 

serum  diagnosis  in,  vii.  133 

therapy  in,  vii.  183 
Plantago  lanceolata,  vi.  653 

major,  vi.  653 

media,  vi.  653 

psyllium,  vi.  653 
Plantain,  vi.  653 

Plantar  arch,  varying  height  of,  in 
different  races,  iv.  191 

artery,  external,  anomalies  of,  i. 
585 
internal,  anomalies  of,  i.  535 

fascia,  iv.  193 

division  of,  in  talipes,  iv.  337 

neuralgia,  iv.  310 

reflex,  vi.  875 
Plantaris  muscle,  v.  480 

anomalies  of,  vi.  58 

rupture  of,  v.  481 
Plants,  active  constituents  of,  i.  101 

poisonous,  iii.  435;  vi.  698;  and 
see  Poisonous  plants 
Plaques,  blood,  ii.  88 
Plaques  pterygoidiennes,  viii.  580 
Plasma,  ii.  84 

cells,  iii.  253;  vi.  654 
Plasmodium  falciparum,  viii.  654 

malarise,  vi.  655;  viii.  653 

prsecox,  viii.  654 

vivax,  viii.  653 
Plasmolysis,  i.  681 ;  vi.  661 
Plasmorrhexis,  vi.  661 
Plasmoschisis,  vi.  203,  663 
Plasmosouies,  ii.  763 
Plaster,  a  form  of  medicine,  v.  738 

adhesive,  iii.  556 

ammoniac,  i.  218 

belladonna,  i.  743 

Burgundy  pitch,  vi.  639 

cantharides,  ii.  652 

capsicum,  ii.  654 

diachylon,  v.  473 

German  adhesive,  iii.  353 

hemlock  pitch,  vi.  639 

iron,  v.  225 

isinglass,  v.  334 

lead,  V.  472 


Plaster,  mercurial,  v.  751 
moleskin,  iii.  556 
of  Paris,  ii.  553;  iii.  558 

jacket    for    Pott's  disease, 
vii.  704 
resin,  vii.  914 
soap,  vii.  255 
Spanish  fly,  ii.  15 
strengthening,  vii.  225 
Plastic  Surgery,     see     Beparative 
surgery 
of  bone,  ii.  123 
Plate  cultures,  viii.  426 
Platelets,  blood,    function   of,   in 
coagulation  of  blood,  ii.  33 
in  inflammation,  v.  5 
Platner's  crystals,  viii.  50 
Platyhelminthes,  ii.  779 
Platysma  myoides  muscle,  anom- 
alies of,  vi.  48 
Plenum   method    of  ventilating 

ships,  vi.  157 
Pleomorphism,  i.  683 
Plethora,  iii.  121 
Plethysmograph,  iii.  103 
Pleura,  vii.  749 

injuries  of,  vii.  753 
lymphatics  of,  v.  585 
surgical  diseases  of,  vii.  754 
Pleurisy,  vi.  662 

acute,  cold  in,  iii.  195 

bacteriology,  vi.  662 

cancerous,  vi.  667 

chronic,  with  adhesions,  vi.  666 

climate  suitable  for,  iv.  565 

dry,  vi.  662 

etiology,  vi.  663 

gonorrheal,  viii.  537 

health  resorts  for,  iv.  565 

hemorrhagic,  vi.  667 

serofibrinous,  see  Pleurisy  with 

effusion 
subacute,  vi.  663 
suppurative,  see  Empyema 
traumatic,  vi.  667 
tuberculous,  vi.  666;  vii.  901 
varieties,  vi.  663 
with  effusion,  vi.  668 

diet  in,  iii.  461 
with    excessive    production    of 

fibrin,  vi.  665 
with   production    of    fibrin,  vi. 

662 
with  production  of  fibrin  and  se- 
rum, vi.  663 
with  production  of  fibrin,  serum, 
and  pus,  see  Empyema 
Pleurisy  root,  vi.  668 
Pleuritic  adhesion  sounds,  vi.  838 

friction,  vi.  888 
Pleuritic  e£fusions,  aspiration  in, 

i.  580 
Pleuropericardial  murmur,  ii.  831 
Pleuroperitoneal  cavity,  early  for- 
mation of,  iii.  167 
Pleuropneumonia  in  animals,  a 
cause  of  unwholesome  milk, 
v.  836 
detection  of,  v.  726 
Pleurotus,  iv.  284 
sapidus,  iv.  284 
Plexus,  aortic,  vii.  578 
Auerbach's,  v.  187 
brachial,  vii.  209 
cardiac,  vii.  577 
carotid,  vii.  575 
cavernous,  vii.  576 
central,  vii.  573 


Plexus,  coeliac,  vii.  578 

cranial,  vii.  575 

diaphragmatic,  vii.  578 

epigastric,  vii.  578 

hemorrhoidal,  vii.  579 

hypogastric,  vii.  578 
inferior,  vii.  578 

inferior  mesenteric,  vii.  578 

lymphatic,  see  Lymphatic  plexus 

Meissner's,  v.  187 

of  the  brain,  ii.  140 

ovarian,  vii.  579 

pelvic,  vii.  578 

peripheral,  vii.  574 

pharyngeal,  vii.  576 

phrenic,  vii.  578 

prevertebral,  large,  vii.  573 
smaller,  vii.  574 

prostatic,  vii.  579 

renal,  vii.  578 

solar,  vii.  578 

spermatic,  vii.  578 

superior  mesenteric,  vii.  578 

suprarenal,  vii.  578 

uterine,  vii.  579 

vesical,  vii.  579 
Plombieres,  vi.  669 
Plugging  of  posterior  nares,  vi. 

138 
Plumbing,  house,  iv.  763 

defects  in,  iv.  769 

general  consideration,  iv.  766 

sanitary  inspection  of,  iv.  769 

tests  of,  iv.  766 
Plumbism,  see  Lead-poisoning 

from  lead  bullets,  iv.  444 
Plunge  bath,  iii.  194 
Plunkett's  caustic,  i.  534 
Plural  births,  viii.  348 
Pluteus  cervinus,  iv.  384 
Plymouth   Rock  Mineral  Well, 

vi.  669 
Pneumatic  cabinet,  vi.  669 

chamber,  i.  131 ;  vii.  236 
Pneumatic  differentiation,  i.  132 
Pneumatosis,  viii.  430 
Pneunxatotherapeutics,  i.  131 
Pneumobaeillus,  i.  704 
Pneumococcus,  bacteriology  of,  i. 
707 

lanceolatus,  vi.  679 
Pneumograph,  vi.  951 

Marey's,  vi.  951 
Pneumogastric  nerve,  vii.  751 

respiratory  function  of,  vi.  952 
Pneumonia,  acute,  cold  in,  iii.  195 

bacteriological  diagnosis  of,  viii. 
442 

bacteriology  of,  i.  704,  707 

bronchial,  vl.  671 

catarrhal,  vi.  671 

chronic,  vi.  675 

complicating  influenza,  v.  16 
diphtheria,  iii.  486 

croupous,  vi.  676,  683 
among  troops,  ii.  588 

diet  in,  iii.  461 

dj'spnoea  in,  iii.  580 

fibrinous,  vi.  676 

followed  by  parotitis,  vi.  512 

following  operations,  viii.  689 

gonorrhoeal,  viii.  527 

hydrotherapy  in,  iv.  791 

in  the  new-born,  vi.  278,  380 

interstitial,  vi.  675 

lobar,  vi.  676 

complicating  measles,  v.  719 
following  ansesthesia,  iii.  34 
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Pneumonia,    lobar,    infantile,   vi. 

683 
occupation  as  an  etiological 
factor  in,  vi.  319 
lobular,  vi.  671 

infantile,  vi.  684 
of  infants,  vi.  682 

pharyngitis  in,  vi.  593 

scoopers',  v.  594 

sputum  in,  vii.  433 

tuberculous,  vii.  900 
Pneumonitis,    vi.     676;    and    see 

Pneumoiiid,  lobar 
Pneumokoniosis,  v.  594 

occupation  as  an  etiological  fac- 
tor in.  vi.  319 

sputum  in,  vii.  433 
Pneumopericardium,  vi.  563 
Pneumothorax,  v.  597;  vi.  667 

double,  V.  598 

dyspncea  in,  iii.  580 
Poaya,  v.  310 

Podagra,  iv.  405 ;  and  see  Oout 
Podophyllic  acid,  vi.  689 
Podophyllin,  vi.  689 

as  a  cbolagogue,  iii.  31 

as  a  laxative,  v.  470 
Podopbylloquercetin,  vi.  689 
Podophyllotoxin,  vi.  689,  690 

as  a  laxative,  v.  470 
Podophyllum,  vi.  688 

as  a  purgative,  vi.  813 

peltatum,  vi.  868 
Pogostemon  Heyneanus,  vi.  517 

patchouli,  vi.  517 

suavis,  vi.  517 
Points,  far,  iv.  94 

near,  iv.  94 

nodal,  iv.  88 

principal,  iv.  87 
Poison,  arrow,  vii.  541 

ash,  iii.  435 

elder,  iii.  435 

hemlock,  iii.  238 

ivy,  iii.  434;  v.  339;  vi.  695 

milk,  V.  823 

nut,  vi.  307 

oak,  iii.  434;  v.  339;  vi.  695 

sumach,  iii.  435 
Poisoning  by  alum,  i.  306 

by  aconite,  i.  84 

by  ammonia,  i.  216 

by  arsenic,  viii.  366,  370 

by  arsine,  viii.  373 

by  atropine,  i.  610 

by  belladonna,  i.  610 

by  bismuth,  i.  761 

by  bromine,  ii.  487 

by  cadmium,  ii.  541 

by  camphor,  viii.  410 

by  cantharides,  viii.  411 

by  cantharidin,  viii.  411 

by  carbolic  acid,  ii.  658 

by  carbon  dioxide,  ii.  660 

by  carbon  monoxide,  ii.  663 

by  cheese,  iv.  189 

by  cherry-laurel  water,  iv.  785 

by  chloral  hydrate,  ii.  837 

by  chlorates,  iii.  1 

by  chromium,  iii.  70 

by  cicuta,  vi.  702 

by  coal  gas,  ii.  663 

by  cocaine,  i.  3S9;  iii.  160 

by  cocculus  indicus,  iii.  163 

by  colchicum,  iii.  192 

by  conium,  viii.  477' 

by  copper,  iii.  279 

by  creosote,  iii.  328 
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Poisoning  by  cyanids,  iv.  781 
by  daturin,  i.  610 
by  digitalis,  iii.  478 
by  fish,  iv.  188 
by  food,  iv.  183 
by  formaldehyde,  iv.  245 
by  gelsemium,  iv.  315 
by  hellebore,  iv.  636 
by  hemlock,  viii.  477 
by  honey,  iv.  733 
by  hydrochloric  acid,  i.  71 
by  hydrocyanic  acid,  iv.  781 
by  ice  creams,  iv.  189 
by  illuminating  gas,  ii.  665 
by  iodine,  v.  305 
by  iodoform,  v.  208 
by  iron,  v.  231 ;  viii.  560 
by  jervine,  iv.  625 
by  lead,  v.  473 
by  lysol,  v.  670 
by  manganese,  v.  687 
by  meat,  iv.  185 
by  mercur-ammonium  chloride, 

V.  758 
by  mercury,  v.  756 
by  methyl  alcohol,  v.  781 
by  milk,  iv.  188;  v.  835 
by  mineral  acids,  i.  69 
by  molluscs,  iv.  189 
by  mussels,  iv.  189 
by  nicotine,  vii.  788 
by  nitric  acid,  i.  70 
by  nutmeg,  vi.  307 
by  nux  vomica,  vii.  543 
by  opium,  vi.  387 
by  oxalic  acid,  vi.  453 
by  phenol,  ii.  659;  vi.  608 
by  phosphine,  vi.  623 
by  phosphorus,  vi.  623 
by  picrotoxin,  iii.  162 
by  potassium  bichromate,  iii.  70 

chlorate,  iii.  1 
by  quinine,  vi.  827 
by  santonin,  vii.  30 
by  silver ;  sec  Argyria 
by  snails,  viii.  567 
by  snake-bite;   see  Snakes,  poi- 
sonous 
by  strychnine,  vii.  543 
by  sulphonal,  vii.  560 
by  synthetic  products,  vii.  603 
by  tiiallium,  vii.  731 
by  tin,  vii.  786 
by  tobacco,  vii.  788,  789 
by  vegetables,  iv.  189 
by  verati'oidine,  iv.  635 
by  water  gas,  viii.  393 
by  zinc,  viii.  339 
chemical     examination   of    the 

body  in  cases  of,  vi.  692,  731 
counsels  and  cautions  relative  to, 

vi.  693 
diagnosis  of,  vi.  720 
in  reference  to  the  distinction  of 

degrees  iu  murder,  vi.  691 
legal  aspects  of  the  subject,  vi. 

690 
physician's  legal  duty  in  cases 

of,  vi.  691,  692 
post-mortem  examinations  for,  i. 

660;  vi.  730 
statistics  of,  vi.  718 
suicidal,  vi.  679 
treatment  of,  vi.  730 
use  of  emetics  in,  iii.  813 
Poisonous  barks,  vi.  702 
fruits,  vi.  699 
fungi,  iv.  375 


Poisonous  herbage,  vi.  705 

insects,  v.  158 

plants,  iii.  425;  vi.  693 

reptiles,  vi.  708 

roots,  vi.  703 

seeds,  vi.  699 
Poisons,  V.  718;  and  see  also  Poi- 


absorption  of,  vi.  719 

and  distribution  of,  in  both 
acute  and  chronic  cases, 
vi.  733 
actions  of,  vi.  719 
advertisement  and  sale  of,  vi.  690 
atrophic,  i.  610 
bacterial,  vii.  781 
chemical  examination  for,  vi.  721 
circumstances  modifying  the  ab- 
sorption of,  vi.  723 
classitication  of,  vi.  719 

for  legal  uses,  vi.  691 
cutaneous,  vi.  695 
definition,  vi.  690,  718 
disposition  of,  after  absorption, 

vi.  723 
eSect  of,  on  the  foetus,  vi.  379 
on  the  nails,  vi.  97 
on  the  neurones,  vi.  368 
elimination  of,  vi.  720 
food,  iv.  183 
idiosyncrasy,  iv.  843 
industrial,  vi.  335 
in  the  etiology  of  insanity,  v.  34 
irritant,  vi.  719 
legal  definition  of,  vi.  690 
neurotic,  vi.  719 
of  the  gastro-intestinal  tract,  i. 

643 
of  the  urine,  i.  645 
post-mortem  imbibition  of,   vi. 

737 
tolerance  for,  iv.  843 
vegetable,  haemolysis  by,  viii.  536 
Poke  root  and  berry,  vi.  727 

poisonous,  vi.  700,  702 
Poland,  Pliarraacopoeia  in,  vi.  585 
Poland  Springs,  vi.  728 
Polarimeter,  vi.  739 

clinical  applications  of,  vi.  730 
Landolt-Lippich's,  vi.  739 
von  Pleischl's,  vi.  730 
Polarimetry,  vi.  728 

clinical  applications  of,  vi.  730 
Polariscope,  determination  of  lac- 
tose by,  V.  838 
of  glucose  in  the  urine  by, 
viii.  40 
Polarized  light,  vi.  738 
Polarizer,  vi.  739 
Polenta,  toxic  effect  of ;  see  Pellagra 
Poliomyelitis,  anterior,  acute  and 
subacute,  vii.  361 
causing  paraplegia,  vi.  498 
diagnosis,  vii.  368 
differential  diagnosis,  vii.  369 
etiology,  vii.  364 
hand  in,  iv.  531 
pathology,  vii.  362 
symptomatology,  vii.  364 
treatment,  vii.  370 
Poliomyelitis,     anterior,     in 

adults,  vii.  371 
Poliomyelitis,  anterior,  subacute 

and  chronic,  vii.  371 
Polistes,  V.  168 

pallipes,  V.  168 
Politzer's  apparatus    for  inflating 
middle  ear,  iii.  665 
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Politzer's  metallic  horn,  iii.  632 
modification  of  Toynbee's  artifi- 
cial tympanic  membrane,  iii. 
631 
Poloniutn,  viii.  549 
Polyarthritis    chronica   villosa, 

i.  549 
Polyaxone,  vi.  235 
Polycheiria,  iv.  493 
Polychroit,  vii.  3 
Polychromasia,  vi.  730 
Polychromatophilia,  vi.  730 
Polyclonia,  vi.  492 
Polycoria,  v.  217 
Polycythsemia,  vi.  730 
Bolydactylism,  iv.  493 
Polyformin,  insoluble,  iv.  246:  vi. 
730 
soluble,  iv.  246;  vi.  730 
Polygala  latifolia,  vii.  113 

senega,  vii.  113 
Polygralic  acid,  vii.  114 
Polygonum  bistorta,  i.  763 
Polygraph,  the  clinical,  vii.  285 
Polymastia,  ii.  471 ;  vii.  717 
Polymnia  uvedalia,  i.  738 
Polymorphism,  i.  682 
Polymorphonuclear    leucocytes, 

phagocytic  action  of,  vi.  578 
Polymyositis,  primary  acute,  vi. 

81 
Polyneuritis,  vi.  256 ;  and  see  Mul- 
tiple neuriUs 
Polyorchism,  vii.  179 
Polypapilloma  tropicum,  viii.  319 
Poljrphagia,  vii.  494 
Polyphalangism,  iv.  494 
Polypi,  aural,  iii.  621 

in  the  auditory  meatus  in  chronic 

purulent  otitis,  iii.  639 
mucous,  of  tlie  intestine,  v.  187 
of  the  antrum  of  Highmore,  v. 

349 
of  the  conjunctiva,  iv.  108 
of  the   lachrymal   drainage  ap- 
paratus, iv.  116 
of  the  nose,  vi.  139 
of  the  uterus,  viii.  86 
placental,  vi.  651;  and  see  Syn- 

cytioma 
tubal,  a,  cause  of  extra-uterine 
pregnancy,  iv.  54 
Polypodium,  iv.  148 
Polyporacese,  iv.  385 
Polyporus  fomentarius,  vii.  431 
frondosus,  iv.  385 
igniarius,  vii.  431 
officinalis,  L  138;  iv.  385 
sulfureus,  iv.  385 
Polysaccharides  in  the  urine,  viii. 

37 
Polysarcia,  i.  123 
Polysolvol,  vi.  731 
Polytrichia,  iv.  807 
Polyuria,  vi.  731 ;  viii.  38 
Pomegranate,  vi.  733 

as  an  anthelmintic,  i.  363 
bark,  vi.  733 
rind,  vi.  783 
Pomelo,  iii.  137 
Pompholyx,  vi.  733 
Pomum  Adami,  vi.  189 
Ponce  de  Leon  Springs,  vi.  734 
Poncho  for  s«ldiers,  v.  796 
Pond-lilies,  vi.  309 
Pons  and  medulla,  ii.   158;    and 
see  various  articles  under  Brain  in 
vol.  ii. 
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Pons  and  medulla,  diseases  of  the, 
viii.  635 
lesions  in,  a  cause  of  hemiplegia, 
iv.  632 
diagnosis  of,  ii.  387 
nerve  centres  in,  ii.  391 
tumors  of,  ii.  443 
Popliteal  artery,  anomalies  of,  i. 
535 
compression  of,  i.  537 
Popliteal  lymphatic  glands,   v. 

634 
Popliteal  veins,  anomalies  of,  viii. 

307 
Popliteus  minor  muscle,  vi.  58 
Popliteus  muscle,  v.  483 
accessory,  vi.  58 
anomalies  of,  vi.  58 
Poppy,  vi.  383,  734 
black,  vi.  734 
Mexican,  i.  446 
red,  vi.  735 
vi'hite,  vi.  383 
Populus,  vii.  15 

balsaminifera,  vii.  15 
candicans,  vii.  15 
Porencephalus,  vii.  698 
Porocephalus,  i.  439 

moniliformis,  i.  439 
Porokeratosis,  vi.  735 
Porrigo,  vii.  86 
Porro's  operation,  ii.  544 
Portal  system,  anomalies  of  veins 

of,  viii.  307 
Porter,  i.  169 
Porter  Springs,  vi.  736 
Porteranthus  stipulatus,  v.  313 

trifoliatus,  v.  212 
Portiplexus,  ii.  140 
Portland,  Maine,  vi.  737 
Portland,  Oregon,  vi.  737 
Porto  Bico,  vi.  740 
Portsmouth,  N.  H.,  and  adjacent 

resorts,  vi.  738 
Portugal,  Pharmacopaia  in,  vi.  585 
Position,  idea  of,  iii.  858 

in  artificial  respiration,  i.  559 
of  foetus,  diagnosis  of,  v.  381,  386 
of  worker,  effect  on  health,  vi. 
333 
Post-auricular  point,  vii.  339 
Postbrachium,  ii.  163 
Postcalcarine  fissure,  ii.  193 
Postcentral  fissure,  ii.  193 

gyre,  ii.  193 
Postcerebral  artery,  ii.  253 

branches  of,  ii.  354 
Postcerebral  veins,  ii.  259 
Postchoroid  arteries,  ii.  254 
Postcisterna,  ii.  317 
Postcommissure,  ii.  163 
Postcommunicant  artery,  ii.  253 
Postcornual  vein,  ii.  357 
Postcribrum,  ii.  143,  164 
Postdural  artery,  ii.  250 
Posterior  commissure,  ii.  163 
Posterior  p^forated  space,  ii.  164 
Postfontanel,  ii.  313 
Postforceps,  ii.  182 
Postfrontal  lobe,  ii.  187 
Postgeniculum,  ii.  164 
Posthalamic  arteries,  ii.  354 
Posthectomy,  iii.  124 
Posthitis,  i.  723 
Posthypophysis,  ii.  165 
Postinsula,  ii.  193 
Post-mortem  examination,  i.  649 ; 
and  see  Autopsies 


Post-mortem  examination,  blood 

clot,  iv.  614 
Postoblongata,  ii.  154 
Postoperculum,  ii.  193 
Postparoccipital  fissure,  ii.  193 
Post-partum  hemorrhage,  v.  786 
Postspinal  fissure,  ii.  309 
"  Postural  "  treatment  of  consti- 
pation, iii.  363 
Posture,  as  cause  of  scoliosis,  v.  460 
effect  of,  upon  the  blood  press- 
ure in  veins,  iii.  703 
in  insanity,  v.  63 
of  patient,  importance  of,  in  ad- 
ministration of  chloroform  as 
an  anaesthetic,  iii.  11 
painful,  in  insanity,  v.  63 
Potain's  aspirator,  i.  579 

mixer,  ii.  41 
Potash,  caustic,  ii.  757;  vi.  743 
Potassa,  vi.  743 

caustic  action  of,  ii.  757 
cum  calce,  ii.  757 
sulphurata,  vii.  557 
Potassio-aluminum  sulphate,   r. 
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Potassio-ferric  tartrate,  v.  336 
Potassium,  vi.  743 
acetate,  vi.  744 
and  sodium  tartrate,  vi.  744 
arsenite,  i.  534 
bicarbonate,  vi.  743 
bichromate,  iii.  70 

as  cause  of  pityriasis,  iii.  433 
eruptions  following  use  of, 
iii.  434 
binoxalate  of,  vi.  453 
bitartrate,  vi.  744 

as  a  purgative,  vi.  811 
bromide,  ii.  485 

toxicology  of,  vi.  746 
cantharidate  of,  ii.  651 
carbonate,  vi.  743 

as  an  antidote,  i.  372 
poisoning  by,  v.  844 
chlorate,  vi.  745" 

influence  of,  upon  red  blood 

cells,  iii.  2 
fatal  dose  of,  iii.  3 
chloride,  toxicology  of,  vi.  746 
citrate,  vi.  743 

effervescent,  vi.  744 
compounds  used  in  medicine,  vl. 

743 
cyanide,  iii.  340 

disposition  of,  in  body,  after 

absorption,  vi.  733 
poisoning  from,  iii.  340;  iv. 

784 
prolongation  of  life  by,  iv. 
781  t 

ferrocyanide   as  an   antidote,  i. 
373 
as  a  test  for  albumin  in  the 
urine,  viii.  31 
fluoride,  iv.  786 
general  medicinal  properties  of 

compounds  of,  vi.  743 
guaiacol-sulphonate,  iv.  435 
hydrate,  vi.  743 

poisoning  by,  v.  844 
hydroxide,  vi.  743 

poisoning  by,  v.  844 
hypophosphite,  'iv.  834 
in  urine,  viii.  55 
iodide,  v.  203 

idiosyncrasy  foi',  iv.  843 
use  of,  in  aneurism,  i.  373 
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Potassium,  iodohydrargyrate  of,  v. 
754 
myronate,  vi.  68 
nitrate,  vi.  745 
nitrite,  vl.  291 

oxychinoline  sulphonate,  ii.  835 
permanganate,  v.  686 

as  a  deodorant,  iii.  413 
salts  as  diuretics,  ill.  544 
as  germicides,  Iv.  335 
toxicology,  vl.  746 
sodium  tartrate,  vl.  744 
sulphate,  vi.  745 
tellurate,  vil.  663 
toxicology  of,  vl.  746 
Potato  culture,  Roux  tube  for,  viii. 

378 
Potato  family,  see  Solanacem 
Potato  fruits,  poisonous,  vi.  699 
Potato  oil,  1.  169 

Potatoes  as  nutrient  medium  for 
bacteria,  viii.  378 
poisonous  plant,  vl.  705 
Potentilla,  tormentlUa,  vl.  1000 
Potentite,  an  explosive,  vli.  910 
Potter's  astlim.a,  v.  594 
Pott's  disease,  vli.  394 
abscess  In,  vli.  896,  407 
and  hip  disease,  diagnosis,  vii. 

399 
awkwardness,  vil.  396 
complications,  vil.  407 
deformity  In,  vil.  396 
diagnosis,  vil.  398 
etiology,  vil.  395 
in  Infancy,  vli.  399 
kyphosis  in,  v.  378 
pain  in,  vii.  395 
paralysis  in,  vil.  396,  409 
paraplegia  of,  vi.  498 
pathology,  vil.  394 
prognosis,  vli.  395,  406 
stiffness  in,  vli.  396 
symptoms,  vil.  395 
treatment,  vii.  401 

by  braces,  vil.  401,  403 

by  forcible  correction,   vii. 

409 
by  horizontal   fixation,  vii. 

403 
by  plaster  jackets,  vil.  404 
of  abscesses,  vii.  408 
of  paralysis  in,  vil.  409 
Pott's  fracture,  iv.  368 
Pouch.et's  bases,  ptomains,  vi.  791 
"  Poudre  de  succession,"  viii.  346 
Poultices,  V.  738 

varieties,  v.  738 
Pound,  fixed  standard  of,  vill.  297 
varying   value  of.   In   different 
countries,  viii.  394 
Poiipart's    ligament,    anatomical 

relations  of,  1.  3 
Poverty  as  a  cause  of  Insanity,  v.  33 
Powder,  a  form  of  medicine,  v.  738 
antimonlal,  i.  375 
compound  chalk,  11.  553 
effervescing,  vl.  744 
of  chinosol,  11.  835 
of  jalap,  V.  341 
morphine,  v.  864 
Dover's,  v.  313       _  ... 

diaphoretic  action  of,  ni.  4rfd 
fulminate,  iv.  430 
goa,  Hi.  75 
gray,  v.  750 
insect,  v.  151 
James',  1.  375 


Powder,  milk,  v.  829 

of  ipecac  and  opium,  v.  313;  vi. 

387 
Seidlitz,  vl.  744 
smokeless,  iv.  430 
Tully's,  V.  864 
Powder-burn,  iv.  441 
Powder  Springs,  vi.  747 
Powdered  opium,  vi.  386 
Powhatan    Lit  hi  a    and   Alum 

Springs,  vi.  747 
Pownal  Spring,  vl.  747 
Pozza's  method  of  extirpating  the 

urinary  bladder,  viii.  36 
Practice,  different  schools  of,  viii. 
617 
license  to,  iv.  46;  viii.  617 
State  requirements  foi',  iv.  48 
Prague  method  of  extracting  foetal 

head,  vi.  314 
"  Prairie,"  U.  S.  training-ship,  ven- 
tilation of,  vi.  166 
Prayer  beads,  v.  360 
Preacher's  hand,  Iv.  531 
Pre-auricular  point,  vii.  239 
Prebasal  veins,  ii.  257 
Prehrachium,  ii.  163 
Precentral  fissure,  ii.  193,  277 

gyre,  11.  193 
Precerebellar  veins,  ii.  358 
Precerebral  artery,  ii.  351 

vein,  ii.  357 
Precipitated  sulphur,  vli.  561 

zinc  carbonate,  viii.  338 
Precommissure,  ii.  308 
Precommunicant  artery,  11.  351 
Precornual  veins,  11.  358 
Precribrum,  ii.  143 
Precuneal  fissure,  11.  193 

gyre,  11.  193 
Predicrotic  wave  of  pulse,  vl.  798 
Predural  arteries,  11.  350 
Prefontanel,  ii.  313 
Preforceps,  ii.  183 
Prefrontal  lobe,  ii.  187 
Pregeniculum,  11.  164 
Pregnancy,  Iv.  338 ;  and  see  Gesta- 
tion 
abdominal,  iv.  57 
albuminuria  in,  Iv.  345 
auto-lutoxlcations  of,  1.  646 
care  of  patient  during,  v.  380 
changes  of  heart  in,  11.  464,  468 
chorea  in,  iii.  43 
circulatory  system,  disturbances 

of,  during,  iv.  340,  346 
constipation  during,  iv.  346 
diagnosis  of,  iv.  341;  v.  381 
differential  diagnosis,  iv.  343 
directions  for  patients  during,  v. 

383 
duration  of,  Iv.  343 
examination  in,  iv.  344 

of  urine  during,  iv.  344 ;  v. 
380 
extra-uterine,   iv.    54;    and  see 

Extra-uterine  pregnancy 
followed  by  blindness,  ii.  13 
hygiene  of,  Iv.  344 
hyperemesis  of,  Iv.  345 
kidney  of,  v.  333 
leucocytosis  during,  v.  491 
leucorrhffia  during,  v.  495 
management  of,  iv.  344 
menorrhagia  during,  v.  741 
mental  disturbance  of,  iv.  347 
modifications  caused  by,  iv.  338 
multiple,  iv.  341 


Pregnancy,  multiple,  diagnosis  of, 
V.343 
ovarian,  iv.  55;  vi.  434 
ovariotomy  during,  vl.  441 
pathology  of,  iv.  344 
pernicious  vomiting  of,  iv.  345 
signs  and  symptoms  of,  iv.  341 
spurious,  Iv.  343 
surgical  operation    during,   iv. 

349 
toxEeraia  of,  iv.  344 
traumatisms  during,  iv.  349 
tubal,  iv.  56 

vomiting  of,  iv.  345 ;  viii.  869 
with     hydramnios,     diagnosed 
from  ovarian  tumors,  vi.  439 
Prehypophysis,  ii.  165 
Preinsula,  ii.  193 
Premature  infants,  vi.  747 

result  of  "  incubator  treatment " 
of,  vi.  753 
Premature  labor,   induction  of, 
vi.  310,  529 
indications  for,  vi.  310 
method  of,  vi.  310 
Preoperculum,  ii.  193 
Preoptic  artery,  11.  354 
Preparietal  branch  of  the  medi- 

cerebral  artery,  ii.  253 
Preparoccipital  fissure,  ii.  194 
Preperforant  arteries,  ii.  351 

veins,  ii.  357 
Prepuce,  concretions  of.  ill.  231 
condyloma  of,  iii.  337 
hypertrophy  of,  i.  723 
inflammation  of,  1.  732 
Presbyopia,  i.  56;  vi.  753 
Prescribing  by  weight  or  measure, 

viii.  301 
Prescription,  composing  of  a,  viii. 
639 
computing  of  amounts  in  a,  viii, 

639 
declensions  of  Latin  words  used 

in  a,  viii.  633 
expressing  of  a,  viii.  631 
measure  of  individual  doses,  viii. 

630 
weights  and  measures  in,  viii. 

301 
words  and  phrases  used  in  writ- 
ing a,  viii.  633 
Prescription  writing,  viii.  638 
Presentation  of  foetus,   diagnosis 

of,  V.  381,  386 
Preservalin,  iv.  246 
Preservation  of  milk,  v.  838 
Preservatives,  vi.  755 

detection  of,  in  milk,  v.  839 
use  of,  V.  727 
Preserving  of  tissues,  methods  of, 

iv.  706 
Pressure  a  cause  of  atrophy,  1.  608 
a  cause  of  malformations,  vli. 

670 
atmospheric,  an  element  of  cli- 
mate, ill.  141 
effect  of,  on  bacteria,  i.  685 
osmotic,  viii.  417 
to  stop  hemorrhage,  iv.  635 
Presternal  muscle,  vi.  49 
Presystolic    mitral  murmur,   11. 

822 
Prevertebral    muscles,  anomalies 

of,  vi.  47 
Prickle  cells,  iii.  854 
Prickly  heat,  v.  791 
Pride-weed,  iv.  158 
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Primary  wave  of  pulse,  vi.  798 
Primitive  streak,  i.  440 
Primrose,  evening',  vi.  755 
Prince's  pine,  vi.  638 
Prionidus  cristatus,  v.  162 
Prism,  Nicol's,  vi.  738 
Proamnion,  vi.  755 
Probability,  definition  of,  viii.  185 

theory  of,  viii.  185 
Probang,  vii.  476 
Probe    for    dilating    strictures    of 
lachrymal  duct,  v.  399 
(jorget,  viii.  34 
uterine,  iv.  465 
Processes,  axis-cylinder,  vi.  333 
ciliary,  iv.  74 
protoplasmic,  vi.  333 
Procidentia  uteri,  viii.  83 
Proctotomy,  i.  398 
Professional  neuroses,  iv.  538 
Professors,  brains  of,  should  be  ex- 
amined, ii.  306 
Progressive    bulbar     paralysis, 
viii.  635 
acute  type,  viii.  626 
apoplectiform  type,  viii.  686 
diagnosis,  viii.  626 
familial  type,  viii.  626 
hereditary  type,  viii,  636 
pathology,  viii.  626 
prognosis,  viii.  636 
symptomatology,  viii.  635 
treatment,  viii.  636 
Progressive    general    paralysis, 
diagnosed  from  brain  tumor,  ii.  449 
Progressive    muscular  atrophy, 
characteristic  appearance  of  hand 
in,  iv.  531 
Progrressive  muscular  dystrophy, 

vi.  38 
Projectiles,  iv.  428 

deformation  of,  iv.  438 
explosive  effect  of,  iv.  482 
heat  imparted  to,  iv.  439 
impact  of,  iv.  432 
lodgment  of,  iv.  441 
mechanics  of,  iv.  430 
mortality  from,  iv.  443 
poisonous  influence  of,  iv.  441 
shape  and  density  of,  iv.  430 
velocity  of,  iv.  430 
vcounds  produced  by,  iv.  431 
Prolapse  of  the  limbs  in  labor,  v.  393 
of  the  ovary,  vi.  432 
of  the  rectum,  i.  392 
of  the  uterus,  viii.  83 
Prolapsus  cerebri,  ii.  333 ;  iv.  561 

linguae,  vii.  794 
Proliferation  cysts,  iii.  348 
Pronation  and  supination  of  the 

forearm,  iii.  740 
Pronator  pedis  muscle,  vi.  58 
Pronator   quadratus   muscle, 

anomalies  of,  vi,  54 
Pronator      radii     teres    muscle, 

anomalies  of,  vi.  53 
Propeptonuria  in  insanity,  v.  40 
Prophases,  ii.  764 
Propylamin,  vi.  757;  vii.  881 

ptomam,  vi.  785 
Prosecretin,  vii.  90 
Prosencephal,  ii.  167 
Prosencephalon,  ii.  167 
Prostate  gland,  iv.  827;  vi.  757 
anatomy  of,  vi.  757 
atrophy  of,  vi.  769 
calculi  of,  vi.  771 
carcinoma  of,  vi.  770 
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Prostate  gland,  concretions  in,  iii. 
331 
corpora  amylacea  in,  iii.  395 
cysts  of,  iii.  351 ;  vi.  770 
enlarged,  vi.  763;  and  see  Hyper- 
trophy 
castration  for,  ii.  711 
enucleation  of,  vi.  769 
hypertrophy  of,  vi.  762 
complications,  vi.  764 
condition  of  the  urine  in,  vi. 

763 
cystoscope    in   examination 

of,  iii.  346 
diagnosis,  vi.  765 
etiology,  vi.  762 
hsematuria  in,  vi.  764 
natural  history,  vi.  763 
operative  treatment  of,   vi. 

768 
pathology,  vi.  762 
physical     examination,    vi. 

764 
symptomatology,  vi.  763 
treatment,  vi.  765 
vesical    calculus    resulting 
from,  vi.  764 
inflammation  of,   vi.    757;    and 

see  Prostatitis 
injuries  and  wounds  of,  vi.  757 
malformations  of,  vi.  757 
myoma  of,  vi.  76,  770 
physiology  of,  vi.  757 
sarcoma  of,  vi.  770 
tuberculosis  of,  vi.  770 
tumors  of,  vi.  769 
Prostatic  plexus,  vii.  579 
Prostatitis,  vi.  757 
acute,  vi.  757 
chronic,  vi.  759 

complicating  gonorrhoea,  iv.  401 
Prosthesis,  see  Artificial  limbs,  v. 

513 
Prostitution,  regulation  of,  ii.  611 
Prostration,  nervous,  see  Neuras- 
thenia 
Protagon,  ii.  337 
Protan,  vi.  771 
Protargol,  iii.  243 ;  vii.  316 

for  ophthalmia  neonatorum,  iii. 
342 
Proteid  degeneration  of  muscle, 

vi.  38 
Proteid  diet,  i.  176 

effect  on  metabolism,  v.  769 
Proteids,   action  of    pepsin  on,  iii. 
473 
of  trypsin  on,  iii.  474 
bacterial,  i.  684 
defensive,  iii.  844 
in  faeces,  iv.  129 
in  milk,  v.  821 

origin  of,  v.  819 
katabolism  of,  v.  704 
offensive,  iii.  534 
of  plasma,  ii.  35 
Proteinochrome,  vii,  886 
Proteinochromogen,  vii.  886 
Proteolytic  enzymes,  iii.  843 
Proteoses,    effect    of,    upon    body 

temperature,  ii.  571 
Protocotoin,  iii.  396 
Protogen,  iv.  246 
Protogonocyte,  vi.  864 
Protopine,  ii.  760 
Protoplasm,  i.  756;  ii.  761 
morphology  of,  i.  317 
structure  of,  i.  317,  757 


Protoplasmic  movement  of  cells, 

ii.  763 
Protoplasmic  processes  of  nerve 

cells,  vi.  333 
Protoveratrine,  action  of,  upon  tlie 

heart,  ii.  691 
Protozoa,  i.  721;  viii.  634 
classification,  viii.  635 
in  nasal  cavities,  vi.  143 
in  relation  to  disease,  viii.443,  636 
in  scarlet  fever,  viii.  548 
staining  of,  viii.  439,  440 
Protozoal  infection,  iii.  416;  viii. 

443 
Prune,  vi.  771 
Prunella,  v.  379 
Prunus  amygdalus  amara,  i.  193 
duleis,  i.  192 
domestica,  vi.  771 
Juliana,  vi.  771 
laurocerasus,  i.  737 
serotina,  ii.  803 
virginiana,  ii.  803 
Prurigo,  vi.  771 
ferox,  vi.  771 
Hebra's,  vi.  771 
mitis,  vi.  771 
Pruritus,  vi.  771 
aestivalis,  vi.  773 
ani,  i.  405 
hiemalis,  vi.  773 
in  jaundice,  v.  346 
local,  vi.  773 
of  the  auricle,  iii.  607 
puerperal,  viii.  163 
senile,  vi.  773 
universalis,  vi.  773 
vulvae,  viii.  162 

'   during  pregnancy,  iv.  347 
Prussia,  Pharmacopoeia  of,  vi.  583 
Prussian  blue,  iii.  340 
Prussic  acid,  iv.  780;  and  see  Hy- 
drocyanic acid 
Scheele's,  iv.  780 
Pryor's    hysterectomy   forceps,  iv. 
829 
operating-table,  iv.  838 
operation  for  cancer  of  the  cer- 
vix uteri,  viii.  92 
retracting  director,  iv.  829 
trowel  anterior  retractor,  iv.  829 
Psammoma  of  the  optic  nerve,  iv. 

113 
Pseudaconitine,  i.  84 
Pseudarthrosis,  iv.  252 
Pseudo-acardius,  vii.  679 
Pseudo-albuminuria,  viii.  30 
Pseudo-angina,  see  Angina,  false, 

iv.  600 
Pseudo-ankle  clonus,  vi.  875 
Pseudocele,  ii.  184 
Pseudocephalocele,  ii.  237 
Pseudocroup,  v.  410 
Pseudocyesis,  iv.  343 
Pseudocysts    of    the    periosteum, 

vi.  570 
Pseudodiphtheria  bacillus,  i.  697 
Pseudoglioma,  viii.  266 
Pseudohermaphroditism,      femi- 
nine, vii.  713 
masculine,  vii.  713 
Pseudohypertrophic  muscular 

atrophy,  vi.  62 
Pseudojervine,  v.  625 
Pseudoleuksemia,  iv.  728;  and  see 
Hodgkin's  disease 
diagnosed  fi-om  purpura,  v.  863 
in  enlargement  of  spleen,  1.  83 
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Pseudoleuksemia    infantum,    vi. 
772 
blood  changes  in,  ii.  69 
Pseudolipoma,  viii.  479 
Fseudomelanosis,  vi.  635 
Pseudomeningocele,  ii.  333 
Pseudomyxoma  of  the  omentum, 
vi.  360 
of  the  peritoneum,  vi.  571,  774 
peritonei,  vi.  774 
Pseudoparanoia     of    dementia 

preecox,  v.  105 
Pseudoparasites  of  the  nasal  cavi- 
ties, vi.  143 
Pseudoparesis,    syphilitic,   diag- 
nosed from  paresis,  v.  91 
Pseudopelletierine,  vi.  733 
Pseudopepsin,  vi.  776 
Pseudophyllidea,  ii.  793 
Pseudophysostigmine,  ii.  549 
Pseudopodia,  ii.  763 
Fseudoreflexes,  vi.  873 
Pseudorhabditis    stercoralis,   vi. 

308 
Pseudostrophantin,  vii.  541 
Pseudotuberculosis,  vi.  776 
cladothrichica,  v.  347 
of  the  kidney,  v.  347 
Pseudo-tumor,  vi.  778 
Psittacosis,  vi.  779 
Psoas  abscess,  vi.  779 
Psoas  magnus  muscle,  anomalies 

of,  vi.  56 
Psoas  parvus  muscle,   anomalies 

of,  vi.  56 
Psoriasis,  i.  456;  vi.  780 

benefited  by  arsenic,  i.  533 
caused  by  drugs,  iii.  413 
diagnosed  from  eczema,  iii.  714 
from  lichen  planus,  v.  506 
from  lichen  ruber  acumina- 

tus,  V.  508 
from  lichen  scrofulosorum, 

V.  509 
from  lupus  erythematosus, 

V.  611 
from  seborrhoea,  vii.  89 
of  the  arm  and  forearm,  i.  456 
of  the  auricle,  iii.  606 
Psorospermose  foUiculaire  vege- 
tante,  v.  306;  and   see  Keratosis 
foUicularis 
Psorospermosis,    v.    306;   and   see 

Keratonis  foUicularis 
Psychiatry,  see  Insanity 
Pterion,  vii.  229,  238 
Pteris,  iv.  148 
Pterocarpus  marsupium,  v.  363 

santalinus,  vii.  43 
Pterygium,  iii.  247 
crassum,  iii.  247 
malignum,  iii.  247 
of  the  nail,  vi.  93 
plngue,  iii.  347 
tenue,  iii.  347 
treatment,  iii.  249 
Pterygoideus   externus   muscle, 

anomalies  of,  vi.  43 
Pterygoideus    proprius    Uiuscle, 

anomalies  of,  vi.  43 
Pterygopharyngeus  muscle,   vi. 

47 

Pterygospinosus  muscle,  vi.  43 

Ptoma'ins,  i.  684;  vi.  783 
as  food  poisons,  iv.  184  ^ 
chemico-legal  considerations,  vi. 

791 
classification,  vi.  784 


Ptomains,  classification,  alkaloids, 
vi.  788 
amido-acids,  vi.  787 
betaYns,  vi.  787 
diamins,  vi.  785 
hydramins,  vi.  786 
monamins,  vi.  784 
of    unknown    constitution, 

vi.  789 
triamins,  vi.  786 
definition,  i.  642 ;  vi.  783 
effect  of,  upon  foetus,  vi.  279 
general  characters  of,  vi.  784 
historical  sketch,  vi.  783 
in  insanity,  v.  40 
in  urine,  viii.  53 

Brieger's  method   of    isola- 
tion of,  viii.  53 
"morphin-like,"  vi.  793 
poisoning  by,  post-mortem  ap- 
pearances, i.  664 
"strychnin-like,"  vi.  793 
Ptomatine,  vi.  784 
Ptosis,  iv.  131 
Ptyalin,  vii.  10 

action  of,  on  starches,  iii.  471 
Ptyalism,  vi.  513;  vii.  13 
in  insanity,  v.  53 
in  pregnancy,  iv.  346 
mercurial,  viii.  581 
treatment  of ,  vi.  513;  viii.  581 
Ptychotis  coptica,  i.  163 
Puberty,  v.  743;  vi.  793 

changes  occurring  at,  ii.  463 ;  v. 

743;  vi.  793 
insanity  of,  v.  30,  101 
Pubiotomy,  viii.  541 
Pubis,  vi.  537 

dislocation  of  femur  on  the,  iii. 
537 
Public  health,  veterinary  science 

in  its  relation  to,  viii.  234 
Puccoon,  red,  ii.  73 
Puerile  respiration,  ii.  817 
Puerperal  fever,  vi.  793 
Puerperal  infection,  vi.  793 
definition,  vi.  793 
etiology,  vi.  794 
history,  vi.  794 
pathology,  vi.  794 
prophylaxis,  vi.  795 
source  of  infection,  vi.  794 
symptoms,  vi.  795 
synonyms,  vi,  793 
treatment,  vi.  796 
Puerperal  pruritus  of  vulva,  viii. 

163 
Puerperal  sepsis,  vi.  793 
Puerperal  septicaemia,  vi.  793 
Puerperium,  insanity  of,  see  Insan- 
ity, puerperal 
Puff  balls,  iv.  386 
Pulegium  vulgare,  vi.  550 
Pulegone,  vi.  550 
Pulex  irritans,  v.  155 
penetrans,  ii.  838 
serraticeps,  v.  155 
Pulicidse,  v.  155 
Puller  Springs,  vi.  796 
Pulmonary  artery,  v.  582 

congenital  defects  and  anom- 
alies of,  ii.  93 
stenosis  of,  vii.  707 
breathing,  ii.  817 
calculi,  iii.  232 

circulation,   influence  of    respi- 
ratory   movements    on,   iii. 
103 


Pulmonary  circulation,  relation  to 
systemic  circulation,  iii.  103 
consumption,    diarrhoea    in,   iii. 

440 
diseases,  see  Lungs,  Pneumonia, 

Tubemilosis 
dulness,  ii.  815 
embolism,  cause  of  dyspnoea,  iii. 

579 
flatness,  ii.  816 
gangrene    in  diabetes  mellitus, 

iii.  429 
murmur,  ii.  817 
phthisis,  cold  in,  iii.  195 
regurgitation,  physical  signs  of, 

ii.  825 
resonance,  ii.  815 
stenosis,  physical    signs    of,  ii. 

835 
thrombosis,  cause  of  dyspnoea, 

iii.  579 
tuberculosis,  Davos  suitable  cli- 
mate for,  iii.  354 
diet  in,  iii.  461 
in  diabetes.mellitus,  iii.  439 
valves,  disease  of,  iv.  608 
veins,  v.  583 

anomalies  of,  viii.  301 
connected  with  vena  cava, 

viii.  303 
development  of,  viii.  201 
Pulmonata,  viii.  566 
Pulque,  i.  169 
Pulsatilla,  vi.  796 
Pulse,  iii.  102;  vi.  797 

action  of  alcohol  upon,  ii.  694 

of  camphor  on,  ii.  696 
anacrotic,  vi.  799 
anastomotic,  vi.  799 
arterial,  vi.  798 
arteriovenous,  vi.  807 
capillary,  vi.  808 
Corrigan's,  iv.  604;  vi.  803,  804 
diagnostic  value  of,  vi.  805 
diastolic,  vi.  801 
dicrotic,  vi.  799,  803 
examination  of,  vi.  799 

instrumental  aid  in,  vi.  803 
factors  contributing  to  character 

of,  vi.  799 
frequency,  vi.  800 
in  affections  of  the  heart  muscle, 

vi.  805 
in  aortic  regurgitation,  iv.  604 

stenosis,  iv.  605 
in  appendicitis,  i.  434 
in  fever,  vi.  805 
in  infancy,  iv.  857 
in  jaundice,  v.  346 
in  mitral  stenosis,  iv.  607 
in    pathological   conditions,    vi. 

804 
in  pericarditis,  vi.  805 
irregularity,  vi.  801 
katacrotic,  vi.  799 
large,  vi.  802 
liver,  vi.  808 
mitral,  vi.  805 
normal,  vi.  798 
pulmonary,  iii.  130 
quick,  vi.  803 
rate  of,  iii.  109;  vi.  799,  800 

in  infancy,  iv.  857 
regularity  of,  vi.  800 
relation  of,  to  body  temperature, 

vi.  800 
size  of,  vi,  801 
slow,  vi.  802 

873 
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Pulse,  small,  vl.  802 

symmetry,  vi.  802 

systolic,  vi.  801 

tension,  effect  of  entercclj'sis  on, 
iii.  833 

tracings  of,  vi.  803 

venous,  iii.  103 ;  vi.  805 

■water-liammer,  vi.  802,  804 

waves  of,  vi.  798 

what  it  shows,  vi.  799 

wiry,  vi.  802 
Pulsus  alternans,  iv.  599;  vi.  801 

bigeminus,  iv.  599;  vi.  801 

bisferiens,  vi.  801,  805 

celer,  vi.  803 

deflciens,  vl.  801 

duplex,  iv.  482 

inaequalis,  iv.  598 

intercidens,  vi.  801 

intermittens,  vi.  801 

irregularis,  iv.  598;  vi.  801 

magnus,  vi.  802 

paradoxus,  iv.  599;  vi.  801 

parvus,  vi.  802 

tardus,  vi.  80? 

trigeminus,  iv.  599;  vi.  801 
Pulvis,  see  Powders 
Pumpkin  seeds,  vi.  808 
Punctum  lachrymale,  iv.  64 

malposition  of,  v.  395 

occlusion  of,  v.  395 
Punctum  proximum,  iv.  94 

remotum,  iv.  94 
Puncture,  lumbar,  in  meningitis, 

ii.  394 
Puncturing  tongue-liolding  for- 
ceps, iii.  12 
Punica  granatum,  vi.  732 
Punicin,  vi.  733 

an  animal  pigment,  iii.  325 
Punicine,  vi.  732 
Punque,  ii.  828 
Pupil,  closure  of,  i.  603 

displacement  of,  v.  316 

influence  of  sympathetic  system 
on,  vii.  587 

paralysis  of  sphincter  of,  iv.  99 

shape  of,  irregular,  v.  317 
Pupillary  membrane,    persistent, 
.    V.  216 

Pupillary  phenomena,  vi.  873 
Purgatin,  vi.  809 
Purgatives  or  cathartics,  vi.  809 

contraindications  to,  vi.  814 

drastic,  vi.  812 

indications  for,  vi.  813 

in  infantile  diarrhoea,  iii.  448 

in  insanity,  v.  72 

list  of,  vi.  809 

mercurial,  vi.  811 

mild,  vi.  809 

mode  of  action  of,  vi.  809 

saline,  vi.  810 
Purgative  waters,  v.  848 
Purgatol,  vi.  809 
Purging  salt,  tasteless,  vii.  258 
Purin  bases  in  the  urine,  viii.  36 
Purkinje's  fibres,  vi.  25 
Purple,  Tyrian,  iii.  225 

visual,  iv.  77 
Purpura,  iii.  373;  v.  860;  vi.  814 
caused  by  drugs,  iii.  422 
complications    and    sequelae,  v. 

861 
course  and  prognosis,  v.  861 
diagnosis  of,  v.  862;  vi.  815 
differential  diagnosis,  v.  862 
essential,  v.  860 
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Purpura,  etiology,  v.  860;  vi.  815 

fulminans,  vi.  815 

haemorrhagica,  v.  861 

idiopathic,  v.  860 

pathology,  v.  861;  vi.  815 

primary,  v.  860 

prognosis,  v.  861 ;  vi.  816 

rheumatica,  v.  861;  vi.  815 

secondary,  v.  860 

simplex,  v.  861 ;  vi.  814 

symptomatic,  v.  860 

symptoms,  v.  860 

toxic,  vi.  815 

treatment,  v.  862;  vi.  815 

urticaria,  vi.  815 

varieties,  vi.  814 
Pus,  see  Inflammation,  and  Exuda- 
tion 

characteristics  of,  i.  45 

origin  of,  i.  45 

tuberculous,  i.  46 
Pus  cells,  ii.  31 

Pus-producing  bacteria,  i.  704;  v. 
6 

conditions  favoring    spread   of, 
iii.  534 

means  of  eliminating  from  the 
system,  iii.  536 

resistance  of  tissues  to,  iii.  534 

types  of  disease  engendered  by, 
iii.  533 

virulence  of,   in  operation  and 
dissection  wounds,  iii.  631 
Pustulants,  iii.  304 
Pustule,  malignant,  i.  363;  and  see 

Anthrax 
Pustules,  drugs  causing,  iii.  422 
Putrefaction,  i.   683;  and  see  Bac- 
teria and  Piomams 
Putrescin,  ptomain,  vi.  785 
Putrid  sore  mouth,  viii.  580 
Putties,  for  soldiers,  v.  796 
Pyaemia,  vii.  122 
Pycnosis,  vi.  817 
Pyelitis,  complicating  gonorrhoea, 
iv.  403 

diagnosed  from  cystitis,  i.  786 

suppurative,  v.  358 
Pyelonephritis,  i.  34 
Pyelotomy,  see  Nephrotomy,  v.  356 
Pyknometer,  viii.  39 
Pyknosis,  vi.  301,  260,  817 
Pyle's  chisel,  ii   407 
Pylorectomy,  vii.  486 
Pyloric  incontinence,  vii.  503 

obstruction,  diet  in,  iii.  458 
Pyloroplasty,  vii.  486 
Pylorus,  spasm  of,  vii.  .503 ;  viii.  661 

stenosis,  i.  603;  vii.  519;  viii.  660 
Pyocyanin,  ptomain,  vi.  790 
Pyoktanin,  vi.  817 
Pyonephrosis,  v.  357,  358 
Pyopneumothorax,  vi.  667 
Pyorrhoea  alveolaris,  viii.  583 
Pyosalpinx,  iv.  135 
Pyosepticaemia,  vii,  127 
Pyotoxinsemia,  vii,  124 
Pyramid  of  light,  iii.  582 
Pyramidalis  muscle,  anomalies  of, 

vi.  61 
Pyramidalis  nasi  muscle,  anom- 
alies of.  vi.  43 
Pyramidon,  vi.  818 
camphorates,  vi.  818 
salicylate,  vi.  818 
Pyrantin,  vi.  609 
Pyrethrin,  vi.  533 
Pyrethrine,  vi.  533 


Pyrethrum,  vi.  532 

cinerariajfolium,  v.  151 

German,  vi.  532 
Pyridine,  vi.  818 
Pyriformis  muscle,  anomalies  of, 

vi.  56 
Pyroacetic  ether,  i.  65 

spirit,  i.  65 
Pyrocatechin  in  urine,  viii.  44 
Pyrocomenic  acid,  vi.  885 
Pyrodin,  iv.  773 
Pyrodine,  vi.  818 
Pyrogallic  acid,  vi.  818 
Pyrogallol,  vi.  818 

monacetate,  iv.  16 

triacetate,  v.  483 
Pyrogallopyrin,  i.  379 
Pyrola  umbellata,  vi.  638 
Pyrolig^eous  acid,  i.  65 

spirit,  V.  780 
Pyromania,  v.  133 
Pyrosal,  vi.  818 
Pyrosis,  vii.  494 
Pyroxylic  spirit,  v.  780 
Pyroxylin,  iii.  298 
Pyrozone,  iv.  787 
Pyrus  cydonia,  vi.  827 
Pythogenesis,  i.  158 
Pyuria,  i.  786 

Q,uadratus  femoris  muscle,  anom- 
alies of,  vi.  56 
Q,uadratus     lumborum     muscle, 

anomalies  of,  vi.  61 
Quadriceps  extensor  cruris  mus- 
cle, accessory  head  to,  vi.  57 
anomalies  of,  vi.  57 
Quadrig^minus   capitis    muscle, 

vi.  44 
Quaker  buttons,  vi.  307 
Quarantine,  vi.  819 
history  of,  vi.  819 
inspectors,  work  of,  vi.  831 
land,  vi.  826 

present  system  of,  vi.  820 
principles  of,  vi.  820 
station,  vi.  833 

anchorages,  vi.  822 
boarding  facilities,  vi.  823 
crematory,  vi.  823 
detention  barracks,  vi.  823 
disinfecting  plant,  vi.  823 
inspection  of  vessels  at,  vi. 

833 
selection  of,  vi.  833 
treatment  of  vessels  in,  vi.  835 
Quassia,  vi.  836 

action  and  uses,  vi.  836 
amara,  vi.  827 
as  an  anthelmintic,  i.  863 
excelsa,  vi.  886 
Jamaica,  vi.  826 
Surinam,  vi.  837 
Quassia  family,  see  Simarubacece 
Quassiin,  vi.  826 
Quebrachia  Morongii,  i.  578 
Quebracho,  i.  578 

white,  i.  578 
Quebrachoform,  iv.  246 
Queen's  root,  vii.  461 
Querciform,  iv.  246 
Quercus  alba,  vi.  309 
coccinea,  vi.  809 
ilex,  vi.  809 
infectoria,  vi.  306 
lusitanica,  vi.  306 
robur,  vi.  309 
tinctoria,  vl.  809 
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Quevenne's  iron,  v.  333 

ftuiokening,  iv.  841 

Quicklime,  ii.  551 

_  as  a  disinfectant,  iii.  503 

Quillaia,   vii.   356;   and    see  Soap 
bark 
saponaria,  vii.  256 

Q,uma,  iii,  88 

Ctuinamiue,  iii.  93 

€luinaseptolate,  silver,  vii.  216 

Ruinate,  piperazine,  vii.  314 

duince,  vi.  837 

Quince  seed,  vi.  827 

€luinidine,  iii.  92 
sulphate,  iii.  93 

Quinine,  iii.  89,  92 

abscess  caused  by,  iii.  423 
acetyl-salicylate,  vi.  827 
action  and  uses  of,  iii.  90 
antiperiodic  action  of,  i.  877 
antipyretic  action  of,  ii.  571 ;  iii. 

90 
arsenite,  vi.  837 
bichloride,  vi.  827 
bisulphate,  iii.  90 
blindness  caused  by,  ii.  13 
borate,  vi.  837 
caseinate,  vi.  837 
chloro-carbonate,  vi.  827 
chloro-phosphate,  vi.  837 
dermatitis  caused  by,  iii.  433 
desquamation  caused  by,  iii.  423 
dibromoguaiacolate,  vi.  837 
dihydrobromate,  vi.  827 
dihydrochloride,  vi.  827 
dibydrochloride-carbamate,    vi. 

837 
dihydroiodate,  vi.  827 
eosolate  of,  iii.  844 
eruption  caused  by,  iii.  423 ;  vi. 

828 
ethyl  carbonic  ester,  vi.  827 
ferrichloride,  vi.  827 
germicidal  action  of,  iv.  835 
glycerophosphate,  vi.  837 
guaiacol  sulphonate,  iv.  435 
hydrobromide,  iii.  90 
hydrochloride,  iii.  90 
hypodermatic  use  of,  i.  878 ;  iv. 

830 
ichthyol  sulfonate,  vi.  837 
idiosyncrasy  for,  iv.  842 
intravenous  injection  of,  v.  194 
in  treatment  of  fever,  ii.  571 ;  iii. 
90 
of  malaria,  iii.  91 
iodo-hydroiodate,  vi.  827 
lactate,  vi.  827 

method  of  administration  in  in- 
termittent fever,  v.  677 
new  compounds  of,  vi.  837 
lygosinate,  vi.  827 
methyl-di-hydrazin  -perchlorate, 

vi.  837 
phospho-hydrochloride,  vi.  837 
phosphoric-acid  ester,  vi.  827 
poisoning  by,  vi.  827 
salicyl,  vi.  837 
salicylic-acid  ester,  vi.  827 
salicyl -salicylate,  vi.  827 
silico-fluoride,  vi.  837 
solubility  of,_  iii.  89 
succedanea,  i.  378 
sulphate,  iii.  90 
suipho-creosolate,  vi.  827 
sulpho-ichthyolate,  vi.  837 
toxicological,  vi.  827 
valerianate,  iii.  90 
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ftuinine-carbonic-ether,  iv.  18 
auinism,  vi.  837,  839 
Cluinoform,  iv.  246 
Quinoidine,  iii.  92 
Quinolene,  ii.  834 
Cluinopyrin,  vi.  830 
Quinquina,  iii.  88 
Quirinusquelle,  at  Aachen,  i.  1 
Quotient,  respiratory,  vi.  947 

Rabies,  vi.  830 

bacteriological  diagnosis  of,  viii. 

443 
in  animals,  viii.  229 

a    cause   of    unwholesome 
milk,  V.  886 
serum-therapy  in,  vii.  133 
Kace,  as  a  modifying  factor  of  the 
menopause,  ii.  798 
influence  of,  upon  blindness,  ii. 
8 
upon  dysentery,  iii.  568 
upon  longevity,  v.  569 
upon  military  mortality  and 

morbidity,  i.  498 
upon  sickness  and  death  in 
army,  i.  498 
in  heredity,  iv.  659 
Rachischisis,  vii.  386,  695 ;  and  see 
Spina  bifida 
c);stica,  vii.  695 
Rachitic  chest,  ii.  810 

spine,  vii.  888 
Rachitis,  ii.  131 ;  and  see  also  Rickets 
annulans,  vi.  280 
congenital,  vi.  380 
diagnosed  from  acromegaly,  i. 

95 
in  the  new-born,  vi.  380 
micromelica,  vi.  380 
Rack-a-rock,  an  explosive,  vii.  911 
Radial  artery,  anomalies  of,  i.  531 
compression  of,  i.  537 
in  the  forearm,  iv.  243 
Radial   recurrent  artery,   anom- 
alies of,  i.  531 
Radial  veins,   anomalies  of,  viii. 

304 
Radiations  of  radium,  viii.  549 

of  uranium,  viii.  549 
Radiocarpus  muscle,  vi.  54 
Radiographs,    vi.    989;     and    see 

Roentgen  rays 
Radiog'raphy,  see  Roentgen  rays 
Radiohumeral    articulation,   su- 
perior, resection  of,  vi.  921 
Radiotherapy,  vi.  990 ;  viii.  665 
methods  of,  vi.  991 
practical  application  of,  vi.  991 
Radium,  viii.  663 
Radius,  dislocations  of,  iii.  530 

fractures  of,  iv.  362 
Radix  liquiritise,  v.  517 
Raffinase,  an  enzyme,  iii.  843 
Ragweed,  vi.  835 
Railway  medicine  and  surgery, 

vi.  885 
Railway  spine,  see  Nervous  system, 

traumatic  affections  of 
Railways,    medical    examinations 

for,  iii.  215 
Rainfall,  as  factor  of  climate,  iii. 
140,  143 
of  health  resorts,  iv.  564 
Rain  water,  vi.  168 
Raisins,  iv.  418 
Rales,  ii.  819 ;  vi.  837 
bronchial,  ii.  819 


Rfiles,  coarse,  ii.  819;  vi.  873 

crepitant,  ii.  819;  vi.  887 

dry,  vi.  837 

fine,  vi.  837 

moist,  vi.  837 

mucous,  ii.  819,  837 

subcrepitant,  ii.  819;  vi.  837 
Ramsgate    and  Kargate,  Ener- 

land,  vi.  838 
Ranney's  device  for  induced  cur- 
rent, iii.  757 
Ranula,  vi.  839 
Ranunculacese,   poisonous    plants 

of,  vi.  695 
Ranvier,  nodes  of,  iv.  237 

tactile  discs  of,  viii.  683 
Rape,  medico-legal  aspect  of,  vi. 

840 
Rapport,  iv.  811 
Rarefaction  of  the  choroid,  iii.  69 

of  sound  waves,  i.  611 
Rasahus  biguttatus,  v.  161 

thoracicus,  v.  161 
Rashes,  antitoxin,  iii.  489 

post-operative,  viii.  690 
Raspberry,  vi.  1000 

red,  vi.  1000 

wild  red,  vi.  1000 
Rath's  fluid,  iv.  709 
Rations,  army,  v.  799 

naval,  vi.  171 
Rattlesnakes,  vi.  709 

bite  of,  symptoms  of,  vi.  713 
Ravenden  Springs,  vi.  843 
Rawley  Springs,  vi.  843 
Rawlins  Sulphur  Springs,  vi.  843 
Ray  fungus,  see  Actinomycosis,  i.  97 
Raynaud's  disease,  iv.  302,  530; 
vi.  843 

diagnosed  from  ainhum,  i.  146 

effect  of  massage  in,  v.  698 
Raynaud's  phenomena,  vi.  843 
Rays  of  direction,  iv.  85 
Reaction  of  degeneration,  iii.  760  j 

vi.  845 
Reagents,  methods  of  applying,  iv. 

704 
Receptaculum  chyli,  v.  645 
Receptors,  Ehrlich's,  vii.  310;  viii. 

531 
Reclination,   in  the  treatment  of 
cataract,  ii.  736,  737 

needle,  ii.  737 
Recruits,  examination  of,  vi.  845 

military,  v.  817 ;  vi.  845 

naval,  vi.  180 
Rectified  oil  of  turpentine,  vii. 

918 
Rectum,  see  Anus 

abscess  near,  i.  394 

atresia  of,  i.  604 

cancer  of,  i.  399 ;  ii.  687 

chancroid  of,  i.  396 

condyloma  of,  i.  404 

diarrhoea  in  ulcer  of,  iii.  440 

examination  of,  i.  891 

excision  of,  i.  399 

fissure  of,  i.  395 

fistula  in,  i.  394 

malformations  of,  i.  604 

manual  exploration  of,  vi.  861 

measurements  of,  viii.  239 

medication  by  the,  v.  735 
of  the,  V.  734 

neuralgia  of,  vi.  248  _ 

phlegmon  around,  vi.  616 

polypus  of,  i.  403 

prolapse  of,  i.  892 
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Rectum,  stricture  of,  i.  397 
diagnosis,  i.  398 
dilatation  of,  i.  398 
division  of,  i.  398 
treatment,  1.  398 
varieties,  i.  397 
surgery  of,  i.  391 
syphilitic  disease  of,  vil.  634 
topographical  anatomy  of,  i.  185 
tumors  of,  i.  403 
ulcer  of,  i.  395 
vegetations  of,  i.  404 
warts  of,  i.  404 
Rectus  abdominis  muscle,  i.  4 
anomalies  of,  vi.  61 
diastasis  of,  iv.  681 
interlacing  of,  in  umbilical  her- 
nia, iv.  680 
transplantation  of,  in  cure  of  in- 
guinal hernia,  iv.  674 
Rectus    capitis     anticus    m.ajor 

muscle,  anomalies  of,  vi.  48 
Rectus     capitis    anticus    minor 

muscle,  anomalies  of,  vi.  48 
Rectus    capitis    posticus    minor 

muscle,  anomalies  of,  vi.  60 
Rectus  externus   muscle,  anom- 
alies of,  vi.  43 
Rectus  femoris  muscle,  vii.  738 
Rectus   sternalis   muscle,  anom- 
alies of,  vi.  49 
Rectus  thoracis  muscle,  vi.  60 
Recurrent  fever  in  the  new-born, 

vi.  378 
Red  Boiling  Springs,  vi.  862 
Redlands  and  Riverside,  South- 
ern California,  vi.  863 
Red  light  treatment  of  small- 
pox, vi.  993 
Red  milk,  v.  833 
Red  precipitate,  v.  753 
Red  puccoon,  ii.  73 
Redroot,  ii.  759 
Red  Sulphur  Springs,  vi.  863 
Red  wine,  i.  169 
Reducible  hernia,  iv.  666 
Reduction-division,  vi.  863 
Reduction  of  metal  oxides  for  re- 
action with  carbohydrates  in  the 
urine,  viii.  38 
Reduviidse,  v.  161 
Reduvius  personatus,  v.  161 
Reedy  Creek  Springs,  vi.  871 
Re-enlistment,  vi.  846 
Referred  pains,  vii.  119 
Reflex  or  reflexes,  absent,  vi.  873  , 
Achillis  jerk,  vi.  874 
action  of  sympathetic  nervous 

system,  vii.  589 
arc,  V.  366;  vi.  871 

participation    of,   in    knee- 
.ierk,  V.  367 
centres,  vi.  872 
cerebral,  vi.  873 
clinical,  vi.  871 
contralateral  adductor,  v.  364 
deep,  vi.  873 
definition  of,  vi.  871 
diminished,  vi.  873 
disturbances  of,  in  insanity,   v. 

54  ^ 

idiosyncrasy  in,  iv.  841 
increased,  vi.  873 
inhibition  of,  v.  34 
Irradiated,  v.  231 
kinds  of,  vi.  871 
knee,  v.  363;  vi.  874 
neuralgias,  vi.  845 


Reflex  or  reflexes,  paraplegia,  vi. 
499 

patellar,  v.  363 ;  vi.  874 ;  and  see 
Knee-jerk 

plantar,  vi.  875 

pupillary  phenomena,  vi.  873 

reenforcement  of,  vi.  873 

spinal,  vi.  873 

superficial,  vi.  873 

table  of,  vi.  875 

tendon,  vi.  873 

time  of,  V.  367 

visceral,  vi.  873 
Refraction,  i.  56;  iv.  83;  and  see 
Accommodation  and  refiuction 

astigmatic,  i.  591 

by  a  single  surface,  iv.  84 

by  concave  surfaces,  iv.  86 

by  successive  surfaces,  iv.  86 

circles  of  diffusion,  iv.  85 

curvature  of  the  ocular  surfaces, 
iv.  90 

detinition  of,  iv.  83 

distance  between  the  refracting 
surfaces,  iv.  90 
of  focal  union,  iv.  84 

during  the  growth  of  the  eye, 
iv.  93 

focal  length,  iv.  84 

formation  of  images,  iv.  85 

indices  of  the  media  of  the  eye, 
iv.  89 

law  of,  iv.  83 

lenses,  iv.  88 

nodal  points,  iv.  88 

principal  points,  iv.  87 

size  of  images,  iv.  85 

the  foci,  iv.  86 

unequal,  i.  58 

virtual  image,  iv.  85,  86 

visual,  viii.  341 
Refractive  indices  of  the  media  of 
the  eye,  iv.  89 

table  of,  iv.  89 
Refuse  disposal,  vi.  876 
Regeneration,  vi.  882 

of  connective-tissue  structures, 
iv.  883 

of  epithelium,  vi.  883 

of  muscle,  vi.  39,  39 

of  neurones,  vi.  365 
Registration  of  births,  marriages, 
and  deaths,  viii.  346 

of  diseases,  viii.  247 
Regnier's  dynamometer,  iii.  563 
Regression,  iv.  640;  vi.   962;  viii. 
196 

coefficient  of,  iv.  641 ;  viii.  196 

line  of,  iv.  641 ;  viii.  196 

polygon  of,  viii.  196 

table  of,  iv.  641 
Regurgitation,  aortic,  ii.  834 

mitral,  ii.  833 

of  food,  vii.  503 

pulmonary,  ii.  835 

tricuspid,  ii.  824 
Reichert's    thermo-regulator,   viii. 
384 

water  calorimeter,  ii.  561 
Reichmann's  disease,  vii.  501 
Reid's  base  line,  vii.  329 

method  of  brain  localization,  ii. 
403 
Reil,  Island  of,  ii.  303 

_  lesions  of,  ii.  384 
Reinforcement  of  knee-ierk,   v 

365,  368 
Relapsing  fever,  vi.  884 


Relapsing  fever,  abortion  in,  vi. 

889 

abortive  form,  vi.  889 

abscess  of  the  spleen  in,  vi.  889 

albuminuria  in,  vi.  888 

anatomical  lesions,  vi.  890 

bronchitis  in,  vi.  889 

clinical  history,  vi.  886 

complications,  vi.  889 

condition  of  the  bowels  in,  vi, 
888 

convalescence,  vi.  888 

convulsions  in,  vi.  888 

definition,  vi.  884 

delirium,  vi.  888 

diagnosis,  vi.  889 

diarrhoea  in,  vi.  889 

digestive  symptoms,  vi.  888 

epistaxis  in,  vi.  888 

eruption  in,  vi.  888 

etiology,  vi.  885 

hiccough  in,  vi.  889 

history,  vi.  885 

insomnia  in,  vi.  888 

jaundice  in,  vi.  888 

laryngitis  in,  vi.  889 

liver  in,  vi.  888 

micro-organism  in,  vi.  885 

mortality,  vi.  890 

nausea  in,  vi.  888 

nervous  symptoms,  vi.  888 

pain,  vi.  888 

paralysis  in,  vi.  888 

parotitis  in,  vi.  889 

pleurisy  in,  vi.  889 

pneumonia  in,  vi.  889 

predisposing  causes,  vi.  886 

prognosis,  vi.  890 

pulse,  vi.  887 

skin  in,  vi.  888 

special  symptoms,  vi.  887 

spirillum  of,  vi.  885 

spleen  in,  vi.  888,  889 

temperature,  vi.  887 

the  bilious  typhoid  of  some  au- 
thors, vi.  889,  890 

tongue  in,  vi.  888 

treatment,  vi.  890 

urine  in,  vi.  888 

varieties,  vi.  888 

vertigo  in,  vi.  888 

vomiting  in,  vi.  888 
Relations,  marriage  of  blood,  iii. 

355 
Relaxed  uvula,  viii.  108 
"  Relief,"  TJ.   S.  Hospital  Ship, 

iv.  738 
Religion  and  insanity,  v.  30 
Remak,  fibres  of,  vi.  337 
Remija,  iii.  93 
Remittent  fever,  v.  677;  and  see 

Jl((!(i  rial  fever 
Renal  activity,  effect  of  enteroclysis 
on,  iii.  833 

artery,  v.  313 

anomalies  of,  i.  533 

calculi,  diet  in,  iii.  463 

colic,  differentiated  from  intes- 
tinal colic,  iii.  197 

disease,  health  resort  for,  iv.  565 

dropsy,  diuretics  in,  iii.  544 

plexus,  vii.  578 

secretion,  effect  of  sympathetic 
system  on,  vii.  584 

veins,  anomalies  of,  viii.  306 
Rennin,  iii.  843;  vi.  893 
Repair,  processes  of,  v.  10 

of  muscle,  vi.  38 
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Reparative  surgery,  vi.  894 
after-treatment,  vi.  900 
blepharoplasty,  vi.  901 
cheiloplasty,  vi.  901 
Croft's,  operation,  vi.  900 
formation  of  the  flap,  vi.  898 
gliding  method,  vi.  896 
liistory,  vi.  894 
indications,  vi.  894 
methods,  vi.  895 
nomenclature,  vi.  895 
of  the  eyelids,  iv.  133 
paraffin  injections  in,  vi.  908 
rhinoplasty,  vi.  904 
stomatoplasty,  vi.  904 
traction  metliod,  vi.  895 
transplantation  method,  vi.  896 
Reproduction,  vi,  908 
asexual,  vi.  909 
methods,  i.  758 
sexual,  i.  758;  vi.  909 
vegetable,  i.  681 
Reproductive   glands,  internal  se- 
cretion of,  vii.  104 
selection,  iv.  85 
Reptiles,  poisonous,  vi.  708 
Resaldol,  vi.  909 
Resection  of  th.e  joints,  vi.  909 
ankle,  vi.  930 
elbow,  vi.  916 
hip,  vi.  936 

incisions  in,  vi.  910,  917 
indications  for,  vi.  911 
instruments  required,  vi.  910 
interplialangeal,   of  fingers,  vi. 

911 
knee,  vi.  983 

metacarpo-phalangeal,  vi.  913 
metatarso-plialangeal,  vi.  934 
osteoplastic,  vi.  909 

of  the  skull,  ii.  407 
results,  vi.  911 
shoulder,  vi.  931 
subcapsulo-periosteal,  vi.  909 
subperiosteal,  vi.  909 
superior  maxilla,  vi.  941 

radiohumeral,  vi.  931 
tarsal,  see  Tarsectmny 
tibio-calcanean,  vi.  936 
vrrist,  vi.  913 
Resin  cerate,  vii.  914 

plaster,  vii.  914 
Resina  draconis,  iii.  553 
lutea,  viii.  318 
olibani,  vi.  355 
sandaraca,  vii.  19 
Resins,  i.  103;  v.  738 
acaroides,  viii.  818 
Botany  Bay,  viii.  318 
dammar,  iii.  353 
in  plants,  i.  103 
of  copaiba,  iii.  377 
of  guaiac,  iv.  433 
of  jalap,  V.  341 
of  podophyllum,  vi.  689,  690 

as  a  laxative,  v.  470 
of  pumpkin  seeds,  vi.  808 
of  scammony,  vii.  44 
xanthorrhcea,  viii.  318 
Resonance,  i.  614 
amphoric,  ii.  816 
normal  vocal,  ii.  818 
pulmonarj',  ii.  815 
tympanitic,  ii.  816 
vesiculo-tympanitic,  u.  81b 
Resonator  of  Helmholtz,  i.  614 
Resopyrin,  i.  379 
Resorlain;  vi.  944 


Resorcin,  vi.  944 

monacetate,  iv.  19 
Resorcinol,  vi.  944 
Respiration,  i.  153;  vi.  944 
abdominal,  vi.  947 
action  of  anoesthetics  on,  i.  395 
of  cocaine  on,  iii.  158 
of  the  vagus  on,  vi.  953 
amphoric,  ii.  818 
artficiial,  i.  559 
calorimeter,  ii.  564 
centre  of,  vi.  951 
changes  in  the  air  during,    vi. 

947 
Cheyne-Stokes,  iii.  579 
costal,  vi.  947 
diaphragmatic,  vi.  947 
diminished,  ii.  817 
disorders  of,  during  pregnancy, 

iv.  347 
effects  of  antipyrin  on,  i.  380 
of  mechanical  obstacles  to, 

i.  574 
of  starvation  on,  vii.  443 
exaggerated,  ii.  817 
function  of  nose  in,  vi.  106 
influence    of    posterior    corpora 

quadrigemina  on,  vi.  953 
in  infancy,  iv.  857 
in  insanity,  v.  53 
interchange    of    gases    between 

blood  and  air  during,  vi.  949 
interference    with,    a    cause    of 

dyspnoea,  iii.  579 
internal,  vi.  950 
larynx  in,  v.  451 
movements  of  chest  during,  ii. 

814 
muscles  of,  vi.  946 
nervous  mechanism  of,  iii.  579; 

vi.  951 
obstructed,  in  anaesthesia,  causes 

of,  i.  399 
organs  of,  vi.  945 
physiology  of,  vi.  944 
puerile,  ii.  818 

record  of  movements  of,  vi.  950 
supplementary,  ii.  817 
tissue,  vi.  950 
types  of,  vi.  947 
Respiratory  centre,  vi.  951 
influence  of  blood  on,  vi.  951 
subsidiary,  vi.  951 
Respiratory  coefficient,  vi.  947 
Respiratory  diseases,  occupation 
as  an  etiological  factor  in,  vi.  317, 
318 
Respiratory  epithelium,  vi.  945 
Respiratory  failure,  insufflation  in, 

iv.  144 
Respiratory  mucous  membranes, 

medication  of  the,  v.  733 
Respiratory  quotient,  vi.  947 
Respiratory  sounds,  cause  of,  ii. 

817 
Respiratory  system,  changes  m,  m 
myelogenous  leukaemia,  v.  500 
lesions  of,  in  diabetes  mellitus, 
iii.  439 
Respiratory  tract,  cysts  of  the,  m. 
350 
malformation  of  the,  vii.  705 
syphilitic  affections  of  the,  vii. 
631 
Respired  air,  effect  of  breathing,  i. 

155 
Responsibility  and  insanity,  v. 

47,  75,  78 


Rest-cure  in  neurasthenia,  vi.  353 
Rete  Malpighii,  viii.  553 
Retention  cysts,  iii.  348 

diagnosed  from  branchial  cysts, 
ii.  460 
Retention  of  urine,  viii.  578 
Reticulum,  ii.  761 
Retina,  iv.  76 

anffimia  of,  vi.  954 
aneurisms  of,  vi.  955 
atropliy  of,  vi.  959 
blood-vessels  of,  iv.  81 
changes  in,  in  myelogenous  leu- 

kcemia,  v.  499 
ciliary,  iv.  77 
cyanosis  of,  vi.  953 
detachment    of,   as  a  cause  of 

blindness,  ii.  10 
diseases  of,  vi.  953 

hemeralopia  in,  iv.  637 
embolism  of   central  artery  of, 

vi.  954 
end  organs  in,  iii.  833 
fibroma  of,  iv.  113 
glioma  of,  iv.  113 
hemorrhage  into,  vi.  955 
in  Bright's  disease,  vi.  956 
inflammation  of;  see  Retinitis 
irritability  of,  viii.  843 
ischa;mia  of,  vi.  954 
layers  of,  iv.  77 
neuro-epithelioma  of,  vi.  358 
CBdema  of,  vi.  956 
phlebectasia  of,  vi.  955 
sclerosis  of  vessels  of,  vi.  956 
separation  of,  vi.  959 
stimulation  of,  viii.  343 
teleangiectatic  tumors  of,  iv.  113 
thrombosis  of  central  artery  of, 

vi.  954 
tumors  of,  iv.  113 
vascular  disturbances  of,  vi.  953 
Retinitis,  vi.  956 

albuminuric,  vi.  956 

as  a  cause  of  blindness,  ii.  10 

central  punctate,  of  Hirschberg, 

vi.  957 
circinate,  vi.  958 
diabetic,  vi.  957 
from  exposure  to  bright  light, 

vi.  958 
glycosuric,  vi.  957 
hemorrhagic,  vi.  955 

diabetic,  of  Hirschberg,  vi. 
957 
leuksemic,  vi.  958 
nephritica  as  a  cause  of  blind- 
ness, ii.  13 
pigmentosa,  vi.  959 
proliferans,  vi.  955,  958;  viii.  367 
atrophy  of  choroid  accom- 
panying, iii.  69 
punctate  albescens,  vi.  958 
saturnine,  vi.  957 
septic,  vi.  956 
serous,  vi,  956 
simple,  vi.  956 
solar,  vi.  958 
striata,  vi.  958 
suppurative,  vi.  956 
syphilitic,  vi.  958;  vii.  630 
Retino-choroiditis  as  a  cause  of 

blindness,  ii.  10 
Retinoskiascopy,  vii.  194 
Retractor,  v.  703 
Retrahens  aurem  muscle,  anom- 
alies of,  vi.  43 
Retroflexion  of  uterus,  vni.  80 
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Retrogressive  changes  in  striated 

muscle,  vi.  27 
Retroperitoneal  tumors,  vi.  960 
Retropharyngeal  abscess,  vi.  599 
Retroversion  of  uterus,  viii.  80 
Retti,  V.  260 

Reute,  oplithalmoscope  of,  vi.  381 
Revaccination,  viii.  116 
Reversion,  vi.  962 
Reynolds'  test  for  acetone  in  tlie 

urine,  i.  67;  viii.  49 
Rhabditis  Coinwalli,  vi.  208 
genitalis,  vi.  207 
Niellyi,  vi.  207 
pellio,  vi.  207 
terricola,  vi.  208 
Rhabdomyoma,  vi.  39,  77 
congenital,  vi.  281 
of  the  heart,  iv.  594 
of  the  parotid  gland,  vi  511 
of  the  uterus,  viii,  98 
Rhabdonema  intestinale,  vi.  308 
nigrovenosura,  vi.  504 
strongyloides,  vi.  20S 
Rhachitis,  vi.  975 ;  and  see  Rickets 
Rhamnoxanthin,  ii.  515 
Rhamnus  californica,  ii.  706 
cathartica,  ii.  515 
frangula,  ii.  515 
purshianae,  ii.  706 
Wightii,  ii.  515 
Rhatania-tannic  acid,  vi.  964 
Rhatany,  vi.  964 
Rheadic  acid,  vi.  735 
RheadifLe,  vi.  735 
Rheic  acid,  iii.  76 
Rhein,  iii.  76;  vi.  974 
Rheometer,     Ludwig     and    Do- 

giel's,  iii.  100 
Rheotannic  acid,  vi.  974 
Rheum,  vi.  973 

officinale,  vi.  973 
palmatum,  vi.  973 
rhaponticum,  vi.  978 
Rheum,  salt,  iii.  708 
Rheumatic  gout,  vi.  969 
Rheumatin,  vi.  964;  vii.  15 
Rheumatism,  acute,  i.  464 
cold  in,  iii.  195 
acute  articular,  vi.  964 
among  troops,  ii.  617 
bacteriology  of,  vi.  965 
clinical  history,  vi.  965 
complications,  vi.  965 
course  and  prognosis,  vi.  965 
diagnosis,  vi.  966 
diagnosed  from  gonorrheal 

arthritis,  iv.  404 
diagnosed  from  osteomyeli- 
tis, vi.  421 
etiology,  vi.  965 
morbid  anatomy,  vi.  965 
nature,  vi.  964 
treatment,  vi.  966 
among  troops,  ii.  616 
blennorrhagic,  iv.  403;  and  see 

Arthritis,  gonorrUceal 
chronic  articular,  vi.  967 
diagnosis,  vi.  968 
etiology,  vi.  967 
pathology,  vi.  967 
prognosis,  vi.  968 
symptoms,  vi.  968 
treatment,  vi.  968 
climate  suitable  for,  iv.  565 
diagnosed  from  acromegaly,  i.  95 
from  dengue,  iii.  402 
from  purpura,  v.  862 


Rheumatism,  diet  in,  iii.  463 
electrotherapeutics  in,  iii.  766 
gonorrhoeal,    iv.    403;    vii.   599; 
and  see  ArlhrUi,i,  gonorrhmal 
headache  in,  iv.  547 
health  resorts  for,  iv.  565 
hydrotherapy  in,  iv.  792 
muscular,  vi.  968 
cause,  vi.  968 
clinical  history,  vi.  969 
course  and  prognosis,  vi.  969 
diagnosis,  vi.  969 
morbid  anatomy,  vi.  968 
treatment,  vi.  969 
of  the  diaphragm,  iii.  435 
of  the  hand,  iv.  514 
of  the  pharynx,  vi.  591 ;  and  see 

Pharymiitia,  rheumatic 
relation  of  chorea  to,  iii.  42 
the  joints  in,  v.  264 
Rheumatoid  arthritis,  i.  464,  544; 
vi.  969 
diagnosis,  vi.  971 
etiology,  vi.  970 
juvenile,  vi.  970 
kyphosis  in,  v.  378 
monoarticular,  vi.  970 
morbid  anatomy,  vi.  970 
pathology,  vi.  970 
prognosis,  vi.  971 
symptoms,  vi.  970 
treatment,  vi.  971 
vertebral,  vi.  970 
Rheumic  acid,  vi.  974 
Rhexis,  iii.  123 
Rhigolene,  vi.  971 
Rhinencephalon,  ii.  206;  vi.  352 
Rhinitis,  acute  catarrhal,  vi.  109 
due  to  occupation,  vi.  114 
membranous,  vi.  112 
phlegmonous,  vi.  113 
purulent,  vi.  112 
atrophic,  vi.  120 
blennorrhagic,  vi.  112 
chronic,  vi.  114 
gonorrliteal,  vi.  112 
hypertrophic,  vi.  119 
intuniescent,  vi.  116 
Rhinoliths,  iii.  233 
Rhinopharyngitis  mutilans,  viii. 

665 
Rhinoplasty,  vi.  904 
Rhinoscleroma,  vi.  143,  971 
Rhinoscopy,  vi.  101,  106 
anterior,  vi.  108 
posterior,  vi.  108 
Rhinosporidiumkinealyi,  viii.  657 
Rhipicephalus  annulatus,  i.  437 
Rhodanides,  vii.  558 
Rhode  Island,   history   of  yellow 
fever  in,  viii.  587 
medical  practice  in,  iv.  48 
Rhodes'  audiphone,  iii.  634 
Rhodinol,  vi.  1000 
Rhodopsin,  iv.  77 
Rhombo-atloid  muscle,  vi.  48,  60 
Rhomboideus      major      muscle, 

anomalies  of.  vi.  48 
Rhomboideus     minor    muscle, 

anomalies  of,  vi.  48 
Rhombo-occipital  muscle,  vi.  48 
Rhonchus,  vi.  837;  and  sob  Rdles 
Rhubarb,  vi.  973 

as  a  laxative,  v.  469 
as  a  purgative,  vi.  810 
Canton,  vi.  974 
Chinese,  vi.  974 
Moscow,  vi.  974 


Rhubarb,  preparations  of,  vi.  974 
Shensi,  vi.  974 
Turkey,  vi.  974 
Tze-chuen,  vi.  974 
Rhus  diversiloba,  iii.  425;  vi.  698 
glabra,  vii.  563 
lobata,  vi.  698 
metopium,  vi.  698 
Michauxii,  vi.  698 
microcarpa,  vi.  698 
poisoning  by,  vi.  696 
pumila,  iii.  425;  vi.  698 
radicans,  v.  339;  vi.  696 
Rydbergii,  vi.  698 
toxicodendron,   iii.   434;  v.  239; 

vi.  696 
typhina,  vii.  568 
venenata,  iii.  425;  vi.  697 
vermicifera,  iii.  425 
vernix,  iii.  425;  vi.  697;  vii.  663 
Rhynchobdellidae,  iv.  702 
Rhynchoprion  penetrans,  ii.  828 
Ribemont's  intubating  cannula, 

iv.  142 
Ribs,  deformities  of  the,  ii.  805 
dislocations  of  the,  iii.  513 
fractures  of  the,  iv.  269 
fusion  of  the,  ii.  806 
osteomyelitis  of  the,  vii.  754 
supernumerary,  ii.  805 
Rice,  see  Htarch,  vii.  439 
Rice  bodies,  iv.  773 ;  vi.  974 
Richardson's  sphygmograph,  vii, 

284 
Richfield  Springs,  vi.  975 
Ricin,  ii.  709 
Ricinoleic  acid,  ii.  709 
Ricinus,  vi.  701 

communis,  ii.  708 
Rickets,  vi.  975 
bone  in,  ii.  121 
course,  vi.  978 
definition,  vi.  975 
diagnosed  from  acromegaly,  i.  96 
diagnosis,  vi.  97S 
etiology,  vi.  976 
foetal,  iv.  395 
history,  vi.  975 
kyphosis  in,  v.  377 
pathology,  vi.  976 
prognosis,  vi.  978 
prophylaxis,  vi.  978 
symptoms,  vi.  977 
synonyms,  vi.  975 
treatment,  vi.  978 
Rictus  palpebrarum,  iv.  64 
Rifles,  iv.  437 
Riga's  disease,  viii.  581 
Right-handedness,  iv.  489 
Rigg's  disease,  viii,  582 
Rigor  mortis,  ii.  536 ;  iii.  153 
Rima  glottidis,  v.  406 
Rinderpest,  detection  of,  v.  726 
Ringer's  solution,  viii.  416 
Ringworm,  vii.  781 

diagnosed  from  psoriasis,  vi.  783 
of    the    beard,    diagnosed  from 

sycosis,  vii.  573 
of  the  body,  vii.  783 
of  the  nails,  vi.  93;  vii.  783 
of  the  .scalp,  vii,  783 
Tokelan,  vii.  783 
Rinne's  test  for  hearing,  iii.  661 
Rio  de  Janeiro,  Brazil,  vi.  979 
history  of  yellow  fever  in,  viii. 
.585' 
Risorius  muscle,  anomalies  of,  vi. 
43 
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Ritter's  disease,  vi.  548 
Bittbausen's  metliod  of  determin- 
ing proteids  of  milk,  v.  828 
Biverius,  salt  of,  vi,  743 
Biviera,  The,  vi.  979 
Boanoake  Bed  Sulphur  Spring's , 

vi.  980 
Eoherts'  operation  on  the  nasal  sep- 
tum, vi.  126 
pelvis,  vi.  529 
Bobson's  bone  bobbin,  v.  180 
Boburite,  an  explosive,  vii.  910 
Bochelle  salt,  vi.  744 
as  a  laxative,  v.  469 
as  a  purgative,  vi.  811 
Bochester,  N.  Y.,  vi.  980 
Bockbridge    Alum   Springs,    vi. 

981 
Bock  Castle  Springs,  vi.  981 
Bock  Enon  Springs,  vi.  982 
Bock  fever  of  Gibraltar,  v.  685 
Bodent  ulcer,  vii.  946,  947 

diagnosed  from  lupus  vulgaris, 
V.  615 
Bods  and  cones  of  the  retina,  iv. 

78 
Boentgen  rays,  and  see  X-rays 
apparatus,  vi.  984 

condenser,  vi.  986 
coil,  vi.  984 
interrupter,  vi.  984 
static  machine,  vi.  983 
vacuiim  tubes,  vi.  986 
currents  for,  vi.  987 
dermatitis  from,  iii.  418 ;  viii.  667 
in  examination  of  chest,  ii.  814 
medico-legal  aspects  of,  vi.  988 
nature  and  action  of,  vi.  983 
pathological  changes    produced 

by,  viii.  666 
therapeutic  uses  of,  vi.  990 
use  of,  in  medicine  and  surgery, 
vi.  983 
Boe's  operation  for  deviated  nasal 

septum,  vi.  120 
Boetheln,  vi.  994 

age  of  patients,  vi.  994 

and  measles,  diagnosis  of,  v.  718 

non-identity  of,  vi.  997 
and   scarlet  fever,   non-identity 

of,  vi.  997 
clinical  history,  vi.  995 
complications  of,  vi.  999 
diagnosis,  vi.  998 
eruption  of,  vi.  995 
etiology,  vi.  994 
history,  vi.  994 
symptoms,  vi,  996 
treatment,  vi.  999 
Bolando,   fissure  of,   see    Central 
fissure 
development  of,  ii.  277 
Boll-tube  cultures,  viii.  427 
Bomanovsky's  stain,  viii.  489 
Bomite,  an  explosive,  vii.  911 
Boncegno,  viii.  670 
Bongeur  forceps,  v.  703 
Booms,   arrangement  of,  in  house, 
iv.  769 
disinfection  of,  iii.  504 
preparation  of,  for  operations,  i. 
567 
Boot  sheaths  of  hair,  viii.  686 
Boots,  poisonous,  vi.  703 
Boripa  armoracia,  iv.  737 
Bosa,  vi.  999 

canina,  vi.  1000 
centifolia,  vi.  1000 


Retrogressive  clianges. 
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Bosa  damascena,  vi.  1000 

gal  Ilea,  vi.  999 
Bosacese,  vi.  1000 

poisonous  plant,  vi,  707 
Bose,  vi.  999 

confection  of,  iv.  733;  vi.  1000 
Damascus,  vi.  1000 
dog,  vi.  1000 
hundred-leaved,  vi.  1000 
Bose  vsrater,  vi.  1000 
pale,  vi.  1000 
red,  vi.  1000 
white,  vi.  1000 
Rosemary,  vi.  999 
Bosenquelle,  at  Aachen,  i.  1 
Boseola,  vi.  999 
epidemic,  vi.  994 
infantihs,  vi.  999 
Bosin,  vii.  913 
Eosin-weed,  iv.  415 
Rosmarinus  officinalis,  vi.  999 
Rosscommon  Spring,  vi.  1001 
"Rot"   in  animals,  detection  of, 

V.  726 
Rotch's  method  of  infant  feeding, 

iv.  867 
Rothberger's  neutral  red  agar, 

viii.  411 
Rouge's  method  of  resection    of 

superior  maxilla,  vi.  943 
"Rough  on  rats,"  poisoning  hy, 

viii.  346 
Roumania,  Pharmacopoeia    in,  vi. 

585 
Round  back,  ii.  808 
shoulders,  ii.  808 
Bound  ligament  of  the  hip-joint, 
iv.  691 
of  the  uterus,  vii.  161 

operations    for    shortening, 

viii.'  84 
tumors  of,  viii.  98 
Bound  worm,  i.  363 

in  the  gall  bladder  and  gall  duct, 
iv.  3'98 
Boux  operation,  vi.  900 
Roux  spatula,  viii.  436 
Roux  tube  for  potato  culture,  viii. 

417 
Roux  water-bath  for  sterilizing 

serum,  viii.  420 
Boux's  metallic   thermo-regula- 

tor,  viii.  434 
Boyal  bay,  v.  467 
Royal    Gorge    Hot   Springs,  vi. 

lUOl 
Royal-les-bains,  France,  vi.  1001 
Rubber,  vi.  1003 
hard,  vi.  1003 
India,  vi.  1003 
Para,  vi.  1003 
vulcanized,  vi.  1002 
Rubber  gloves,  in  obstetrics,  v.  385 

in  surgery,  iv.  373 
Rubber  sheet,  for  soldiers,  v.  796 
Bubefacients,  ii.  14;  iii.  304 
Rubella,  see  lioethelii 
Rubeola,  v.  714;  and  see  Measles 
morbillosa,  vi.  994 
notha,  vi.  994 
scarlatinosa,  vi.  994 
sine  catarrho,  vi.  998 
Bubia,  ii.  670 

tinctoria,  v.  670 
Bubidium  and  ammonium  bromide, 
vi.  1003 
bromide,  vi.  1003 
iodide,  vi.  1003 


Rubinat    Mineral    Sprines.   vi 
10(13  ^       s  ,       • 

Rubijervine,  iv.  625 

Bubner's  test  for  lactose  in  urine. 

viii.  43 
Bubus,  i.  763 

canadensis,  i.  763 

idanis,  vi.  1000 

occidentalis,  vi,  1000 

strigosus,  vi,  1000 

trivialis,  i.  763 

villosiis,  i,  763 
Bue,  vi.  1003 
Ruete's  ophthalmoscope,  vi.  379, 

881 
Ruga,  ii.  310,  311 
Rum,  bay,  i,  737 
Rumex,  iii.  549 

acetosa,  vi.  706 

acetosella,  vi.  706 

crispus,  iii.  549 

obtusifolius,  iii.  549 
Rumination,  vii.  503 
Bupia,  vii.  611 
Rupture,  iv.  665 ;  and  see  Hernia 

of  the  ossophagtis,  vi.  346 

of  the  spleen,  vii.  436 

of  the  thoracic  duct,  vii.  746 

of  the  urethra,  viii.  15 

of  the  veins,  viii.  214 
Rusbyine,  iii.  164 
Russell's  fuchsin  bodies,  in  the 

nervous  system,  vi.  363 
Russia,  Pharmacopoeia  in,  vi.  585 
Russula,  iv.  384 

emetica,  iv.  284 

virescens,  iv.  284 
Rust  fungi,  iv.  382 
Ruta,  vi.  1003 

graveolens,  vi.  1003 
Rutin,  vi.  1003 
Butinic  acid,  vi.  1003 
Rutland,  Mass.,  vi.  1003 

State  sanatorium  for  tuberculo- 
sis at,  V.  1003 
Rydy  gier's  osteoplastic  resection 
of  rectum,  ii.  400 

of  sacrum,  i.  400 
Rye,  spurred,  iv.  1 

Sabadilla,  viii.  320 

Sabina,  vii.  43 

Sac,  laclirymal,  see  Lachrymal  sac 

vitelline,  viii.  334 

yolk,  viii.  334 
Saocharated  pepsin,  vi.  555 
Saccharin,  vii,  1,  548 
Saccharomyoetales,  iv.  280 
Saccharomycosis,  vii.  1 
Saccharose,  vii.  548 
Saccharum,  vii.  548 

laotis,  V,  843 

offlcinarum,  vii,  548 

pui'ificatum,  vii.  548 
Saccule,  or  sacculus,  i.  631 
Sacculus  laryngis,  v.  406 
Saccus  endolymphaticus,  i.  621 
Sacral  index,  vi.  536 

lymphatic  glands  and  plexus,  v. 
640 
Sacred  bark,  ii.  706 
Sacro-coccygeal  articulation,  vi. 
538 

ankylosis  of,  effect  on  labor,  vi. 
538 

diseases  of,  v.  377 
Sacro-coccygeus  anticus  muscle, 
vi.  62 
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Sacro-coccygeus  posticus    mus- 
cle, vi.  60 
Sacro-iliac  articulation,  vi.  538 

injury  of,  vii.  2 
Sacro-iliac  disease,  vii.  3 
Sacrolumbalis  muscle,  anomalies 

of,  vi.  60 
Sacro-sciatic  ligament,  vi.  538 
Sacrum,  vi.  585 
"Saddle-back,"  V.  167 
Saddle  nose,  vi.  134 
Saegerstown    Mineral    Springs, 

vii.  3 
Saffiower,  vii.  3 
Saffron,  vii.  8 
African,  vii.  3 
American,  vii.  3 
dyer's,  vii.  3 
false,  vii.  3 
meadow,  iii.  191 
Spanish,  vii.  3 
thistle,  vii.  3 
Safrene,  vii.  43 
Safrol,  vii.  43 
Sage,  vii.  3 

Sahara  chancre,  i.  170 
Sainbois,  v.  790 
Saint  Augustine,  Fla.,  vii.  4 
Saint  Catharine's  Well,  Ontario, 

vii.  4 
Saint  Clair  Springs,  Mich.,  vii.  4 
Saint     Helena    White    Sulphur 

Springs,  Cal.,  vii.  5 
Saint  Ignatius'  bean,  iv.  843 
Saint  Xiouis,  Mo.,  vii.  5 
Saint  Louis  Springs,  Mich.,  vii.  6 
Saint  Moritz,  see  EngaMne 
Saint  Paul,  Minn.,  vii.  6 
Saiodin,  viii.  670 
Salacetol,  vii.  7 
Salactol,  vii.  7 
Salad  oil,  vi.  356 
Sal  ammoniac,  iii.  4 
Salantol,  vii.  7 
Sal  de  duobus,  vi.  745 
Salicin,  vii.  7 
Salicylamide,  vii.  7 
Salicylanilid,  vii.  10 
Salicylate,  aluminum,  vii.  17 

of  theobromine  and  sodium,  iii. 

548 
lithium,  vii.  9 
methyl,  vii.  9., 
pyramidon,  vi.  818 
sodium,  vii.  9 
Salicylates,  vii.  8 
Salicyl-bromanilid,   see  Antiner- 

vine 
Salicylic  acid,  vii.  7 

as  a  cause  of  blindness,  ii.  18 
as  a  cause  of  herpes,  iii.  433 
as  a  germicide,  iv.  335 
effect  of,   upon  body  tempera- 
ture, ii.  571 
idiosyncrasy  for,  iv.  843 
in    milk,    determination    of,   v 
840 
Salicylic  aldehyde,  vii.  9 
Salicyliden  phenetidin,  see  Mala- 

kin 
Salicylo-acetic  acid,  see  Aspirin 
Salicylous  acid,  vii.  9 
Salicyl-quinine,  see  Saloquinine 
Salicyl-quinine    salicylate,     see 

Rheum  atin 
Salicyl-resorcin-ketone,  vii.  9 
Salicyl-sulphonic  acid,  vii.  9 
Salifebrin,  vii.  10 
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Saliformin,  vii.  10;  and  see  Vrotro- 

pin 
Saligallol,  vii.  10 
Saligenin,  iv.  346 
Saline  diuretics,  iii.  544 

indication  for,  iii.  544 
mineral  waters,  v.  847 
American,  v.  848 
European,  v.  848 
solution,  normal,  see  Hypodeiino- 


Salins-Moutiers,     see     Bridea-les- 

Bains 
Salipyriu,  vii.  10 
Salitannol,  vii.  10 
Salithymol,  vii.  10 
Saliva,  vii.  10 

composition  of,  vii.  91 
secretion  of,  vii.  10,  90 

action  of  cocaine  on,  iii.  158 
diminished  secretion  of,  vii. 

13 
excessive,  vi.  518;  vii.  13 
Salivary  calculus,  viii.  581 
concretions,  iii.  333 
cysts,  vi.  511 
fistula,  viii.  581 
Salivary  glands,  action  of  drugs 
upon,  vii.  93 
and  ducts,  diseases  of,  vii.  13 
diseases  of,  vii.  18 
Inflammation  of,  vii.  13 
secretion  of,  vii.  90 

disturbances  of,  vii.  13 
disturbances,  effect  on  me- 
tabolism, V.  773 
influence     of     sympathetic 
nervous  system  upon,  vii. 
583 
nerves  of,  vii.  91 
tumors  of,  vii.  14,  909 
Salivation,  vi.  513;  vii.  13 

treatment,  viii.  581 
Saliz,  vii.  14 

alba,  vii.  14 
Salkowski's  method  of  determin- 
ing   quantity  of    purin   bases  in 
urine,  viii.  37 
Salocoll,  vi.  607 
Salol,  vii.  15 

camphor,  vii.  15 
methyl,  v.  781 
Salophen,  vii.  15 
Saloquinine,  vi.  827;  vii.  15 

salicylate  of,  vi.  964 
SalpStriere    method  of    inducing 

hypnosis,  iv.  813 
Salpingectomy,  iv.  137 
Salpingitis,  iv.  134 

a  cause  of  extra-uterine  preg- 
nancy, iv.  54 
Salpingostomy,  iv.  137 
Salpingotomy,  iv.  137 
Sal  prunelle,  vi.  745 
Sal  soda,  vii.  357 
Salsomaggiore,  Italy,  vii.  15 
Salt  or  salts,  antidotal  action  of,  i. 
373 
bile,  i.  754 
bitter,  v.  673 

purging,  V.  673 
crab  orchard,  iii.  811 
diffusion  and  action  of,  viii.  467 
dissociation  of,  viii.  467 
diuretic,  vi.  744 
emetic  action  of,  i.  870 
Epsom,  V.  678 
inorganic,  as  food,  i.  175 


Salt  or  salts,  inorganic,  in  metabo- 
lism of  body,  i.  175 
ionization  of,  viii.  468 
metallic,  as  deodorants,  iii.  411 
of  lemon,  vi.  453 
of  Riverius,  vi.  743 
of  sorrel,  vi.  453 
purging,  tasteless,  vii.  358 
Rochelle,  vi.  744 
Seignette's,  vi.  744 
Salt  Lake  City,  Utah,  vii.  16 
Salt    Lake    Hot    Springs,   Salt 

Lake  County,  Utah,  vii.  17 
Saltpetre,  vi.  745 
Salt  rheum,  iii.  708 
Salt    solutions,  effect  on  tissues, 
viii.  473 
on  intestines,  viii.  473 
on  red  blood  cells,  viii.  473 
Salt  Sulphur  Springs,  vii.  17 
Salubrol,  vii.  17 
Salumin,  vii.  17 

Salvator  Mineral  Springs,  vii.  17 
Salvia,  vii.  3 

officinalis,  vii.  3 
Sambucus,  vii.  18 
canadensis,  vii.  18 
nigra,  vii.  18 
poisonous  plant,  vi.  704 
San  Antonio,  Texas,  vii.  18 
San  Bemabe,  i.  143 
San  Bemabe  Springs,  vii.  19 
San  Bernardino  Hot  Springs,  vii. 

19 
San  Diego  and  Littoral,  Cal.,  vii. 

30 
San  Diego  de  los  Banos,  vii.  38 
San  Francisco,  Cal.,  vii.  24 
San  B«mo,  Italy,  vii.  25 
Sanatoria,  see  articles  on  Falken- 
stein,    Ooerbersdorf,  Rutland,   and 
Open-air  treatment 
Sand,  brain,  iii.  238 
Sand  flea,  ii.  838 
Sandal  -wood,  oil  of.  vii.  19 
Australian,  vii.  19 
diuretic  action  of,  iii.  547 
West  Indian,  vii.  19 
Sandals  for  soldiers,  v.  796 
Sandarac,  vii.  19 
Sandfloh,  ii.  838 

Sanger's  operation,  Caesarean  sec- 
tion, ii.  542 
Sanguinaria,  ii.  73 
canadensis,  ii.  73 
Sanguinarine,  ii.  78 
Sanguisorba,  vi.  1000 
Sanguisuga  aegyptica,  iv.  701 
mediclnalis,  iv.  701 
officinalis,  iv.  701 
Sanitary     improvements,    effect 

upon  the  death  rate,  viii.  257 
Sanitary    inspection,    see    House 
sanitation 
of  buildings,  iv.  768 
qualification  of,  iv.  768 
Sanitation,  house,  iv.  750 
Sanoform,  vii.  35 
Sansom's  mixture  as  an  anesthe- 
tic, i.  293 
Santa  Barbara,  Cal.,  vii.  37 
Santa  Barbara  Hot  Springs,  vii. 

28 
Santa  Catalina  Island,  Cal.,  vii. 

38 
Santa  Fe,  vi.  283 
Santa    Rosa    White    Sulphur 
Springs,  vii.  29 
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Santa  Tsatel  Sulphur  Springs, 

vii.  29 
Santalum  album,  vii.  19 

I'ubrum,  vii.  43 
Santonica,  viii.  315 
Santonin,  vii.  29 

poisoning  by,  vii.  30 
used  for  round  worm,  i.  362 
Santonin-ozim,  vii.  30 
Santorini,  cartilages  of,  v.  408 

duct  of,  vi.  460 
Saphenous  vein,  external,  anom- 
alies of,  viii.  207 
internal,  anomalies  of,  viii.  207 
Sapo,  vii.  255 

mollis,  vii.  255 
Sapocarhol,  vii.  30 
Sapodermin,  vii.  30 
Sapolan,  vii.  30 
Saponair  officinale,  vii.  256 
Saponaria  vaccaria,  vl.  701 
Saponification,  i.  102 
Saponin,  vii.  256 
Saprsemia,  vii.  123 
Saprin,  ptomain,  vi.  785 
Saprol,  vii.  30 
Saprolegniales,  iv.  279 
Saprophytes,  i.  680 
Saranac  Lake,  see  Adirondacks,  i. 

126 
Saratoga  Springs,  vii.  31 
Sarcina,  i.  680 

Sarcocystis  hominis,  viii.  657 
Lindemanni,  viii.  656 
miescheriana,  viii.  656 
Sarcodina,  viii.  635 
Sarcolactic  acid,  see  Lactic  acid 
Sarcolemnia,  vi.  15,  23 
Sarcolymph,  iii.  270 
Sarcoma,  ii.  640;  vii.  33 
alveolar,  vii.  38,  908 
characterized  by  production  of 
intercellular  substance,  vii.  32 
cLloroma,  vii.  37 
chondrosarcoma,  vii.  84 
choriocellulare,  viii.  95,  and  see 

Deciduoma  malignum 
chromatophoroma,  vii.  37 
curative  influence  of  erysipelas 

in,  iv.  6 
deciduocellulare,    iii.    393;    vii. 
595 ;  viii.  95 ;  -and  see  Decidu- 
oma malignum 
diagnosis,  ii.  641 
endothelioma,  vii.  38 
giant-cell,  vii.  34,  907 
groups,  vii.  32 
having    an    alveolar    structure, 

vii.  37 
karyokinesis,  evidence  of,  v.  301 
kyphosis  in,  v.  378 
malignant  leiomyoma,  vii.  35 

lymphoma,  vii.  36 
melanoma,  vii.  37 
melanosarcoma,  vii.  37 
melanotic,  ii.  630,  644;  vii.  37 
metastasis  of,  v.  779 
myeloma,  vii.  37 
myxosarcoma,  vii.  33 
of  the  adrenals,  vii.  567 
of  the  auricle,  iii.  610,  668 
of  the  bladder,  i.  769,  793 
of  the  bone,  ii.  146 
of  the  cervix  uteri,  viii.  94 
of  the  choroid,  iv.  Ill 
of  the  ciliary  body,  iv.  Ill 
of  the  clavicle,  iii.  130 
of  the  conjunctiva,  iv.  109 
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Sarcoma  of  the  cornea,  iii.  291 
of  the  eyelids,  iv.  107 
of  the  Fallopian  tubes,  iv.  138 
of  the  hand  and  fingers,  iv.  501 
of  the  heai't,  iv.  594 
of  the  intestine,  v.  189 
of  the  kidney,  v.  324 
of  the  lachrymal  glands,  iv.  116; 

vi.  406 
of  the  larynx,  v.  434 
of  the  liver,  v.  555 
of  the  lower  jaw,  ii.  643 ;  v.  356 
of  the  lung,  v.  607 
of  the  lymph  nodes,  v.  663 
of  the  mamma,  ii.  476,  630,  643 
of  the  middle  ear,  iii.  670 
of  the  muscle,  vi.  41 
of  the  nose,  vi.  140 
of  the  oesophagus,  vi.  344 
of  the  optic  nerve,  iv.  113 
of  the  orbit,  iv.  115 
of  the  ovary,  vi.  436 
of  the  parotid  gland,  vi.  510 
of  the  penis,  vii.  177 
of  the  periosteum,  vi.  570 
of  the  peritoneiim,  vi.  570 
of  the  pharynx,  vi.  604 
of  the  prostate,  vi.  770 
of  the  thoracic  duct,  vii.  746 
of  the  thyroid  gland,  iv.  387 
of  the  umbilicus,  viii.  6 
of  the  upper  jaw,  ii.  642;  v.  350 
of  the  urethra,  i.  770 
of  the  uterus,  viii.  94 
of  the  veins,  viii.  219 
osteosarcoma,  vii.  34 
possessing  a  reticulum,  vii.  35 
spindle-cell,  vii.  33,  907 
starvation  of,  v.  680 
symptoms,  ii.  641 
Sarcomere,  iii.  270 
Sarcophaga  carnaria,  v.  154 
Sarcoplasm,  vi.  16 
Sarcopsylla  gallinacea,  v.  155 

penetrans,  ii.  828;  v.  154 
Sarcopsyllidse,  v.  154 
Sarcoptes,  i.  430 
auchenisE,  i.  433 
canis,  i.  433 
caprse,  i.  433 
dromedarii,  i.  433 
equi,  i.  433 
hominis,  i.  431 
leonis,  i.  433 
minor,  i.  433 
ovis,  i.  433 
scabeii,  i.  431 ;  vii.  43 

crustosee,  i.  432 
suis,  i.  433 
vulpis,  i.  433 
wombati,  i.  433 
Sarcoptidse,  i.  430 
Sarcoptinse,  i.  430 
Sarcosin,  i.  68 
Sarcosome,  iii.  270 
Sarcosporidia,  viii.  656 
Sarcostyles,  vi.  16 
Sarsaparilla,  vii.  40 
Brazilian,  vii.  40 
Central  American,  vii.  40 
Costa  Rica,  vii.  40 
false,  vii.  41 
Honduras,  vii.  40 
Indian,  iv.  631 
Jamaica,  vii.  41 
Lima,  vii.  40 
Mexican,  vii.  41 
Para,  vii.  40 


Sarsaparilla,  Tampico,  vii.  40 
Texas,  v.  859 
Vera  Cruz,  vii.  40 
Sarsasaponin,  vii.  41 
Sartorius  muscle,  vii.  737 

anomalies  of,  vi.  57 
Sassafras,  vii.  41 
medulla,  vii.  42 
pith,  vii.  42 
sassafras,  vii.  41 
variifolius,  vii.  41 
Sassafrid,  vii.  43 
Sassy  bark,  ii.  703;  vii,  42 
Satureja  hortensis,  v.  379 
Saturnism,  v.  473 
Saunders,  red,  vii,  43 
Savastana  odorata,  iii.  338 
Savill's  disease,  iii.  418;  and  see 

Dermatitis  epidemica 
Savine,  vii.  43 
Savory,  summer,  v.  379 
Saw  palmetto,  vii.  43 
Sayre's     dressing     for    fractured 

clavicle,  iv,  359 
Scabies,  vii,  43 

and  eczema,  differential  diagno- 
sis of,  iii.  716 
of  the  hands  and  fingers,  iv.  507 
Scala  tympani,  i.  630 

vestibuli,  i.  620 
Scalds,  ii.  517 

as  a  cause  of  death,  i.  672 
of  the  larynx,  v.  414 
of  the  mouth,  viii.  583 
of  the  tongue,  vii.  797 
Scalenus  anticus  muscle,  anom- 
alies of,  vi,  47 
Scalenus  medius  muscle,  anom- 
alies of,  vi.  47 
Scalenus  minimus  muscle,  vi.  47 
Scalenus  posticus  muscle,  anom- 
alies of,  vi.  47 
Scalp,  eczema  of  the,  iii.  733 ;  vi.  783 
megalosporon  of  the,  vii.  783 
phlegmon  of  the,  vi.  614 
ringworm  of  the,  vii.  783 
seborrhoea  of  the,  vi.  782 
syphilis  of  the,  vi.  782 
wounds  of  the,  ii.  421 
Scammonium,  vii.  44 
Scammony,  vii.  44 

purgative  action  of,  vi.  812 
virgin,  vii.  44 
Scansorius  muscle,  vi.  56 
Scaphoid,  dislocation  of,  iii.  530 
Scapula,  congenital  elevation  of,  ii. 
806 
diseases  of  the,  vii.  45 
fractures  of  the,  iv.  259 ;  vii.  45 
surgical  aifections  of  the,  vii.  45 
tumors  of  the,  vii.  45 
Scapulo-costalis   minor  muscle, 

vi,  50 
Scapulo-humeral    muscular    atro- 
phy, vi.  63 
Scar,  iii.  86 ;  and  see  Cicatrix 
Scarification,  ii,  73 
Scarificator,  ii,  73 
Scarlet  fever,  vii.  46 
among  troops,  ii.  589 
and  dengue,  differential  diagno- 
sis of,  iii.  403 
and    measles,   diagnosis    of,    v. 
718;  vi,  998 
relation  of,  vi.  997 
blindness  in,  ii.  13 
cervical  adenitis  in,  vii.  53 
changes  in  the  blood  in,  vii.  53 
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Scarlet  fever,  clinical  history,  vii. 
49 

cold  in,  iii.  195 

complications  of,  vii.  53 

concurrence  of,  with  other  spe- 
cific affections,  vii.  57 

contagion  of,  vii.  46 

deafness  from,  vii.  55 

death  i-ate  in,  viii.  355 

definition,  vii.  46 

desquamation,  vii.  51 

diagnosed  from  measles,  vi.  968 
from  roetheln,  vi.  998 

diagnosis,  vii.  61 

disinfection,  vii.  63 

due  to  milk,  v.  837 

ear  diseases  in,  vii.  55,  66 

eruption  of,  vii.  49 

erythema  in,  iv.  8 

etiology,  vii.  46 

frequency  of  epidemics,  vii.  46 

graver  forms,  vii.  51 

heart  failure  in,  vii.  56 

history,  vii.  46 

how  to  avoid,  in  camp,  v.  814 

hydrotherapy  in,  iv.  789 

hygiene,  vii.  63 

incubation  of,  vii.  48 

inflammation  of  joints  in,  vii.  56 

in  the  new-born,  vi.  378 

invasion  of,  vii.  49 

kidneys  in,  vii.  59,  66 

kyphosis  due  to,  v.  378 

liver  in,  vii.  60 

lymphatic  glands  in,  vii.  55,  60 

malignant,  vii.  51 

microbes  of,  vii.  46 

milder  forms  of,  vii.  49 

modes  of  infection,  vii.  47 

nephritis  in,  vii.  53 

pathological  anatomy,  vii.  59 

pharyngitis  in,  vi.  593 

predisposing  conditions,  vii.  47 

preventive  inoculations,  vii.  68 

prognosis,  vii.  62 

prophylaxis,  v.  814;  vii.  63 

protozoa  in,  viii.  548 

puerperal,  vii.  58 

relapses  and  recurrences,  vii.  58 

sequelae,  vii.  56 

serum  therapy  in,  vii.  67,  134 

spleen  in,  vii.  61 

surgical,  vii  57 

symptoms,  vii.  49 

treatment,  vii.  63 
Scarpa's  triangle,  vii.  788 
Schatz  method  of  hand  steriliza- 
tion, i.  566 
Schede's    method     of     thoraco- 
plasty, vii.  755 
Schemer's  experiment,  iv.  93 
Scherk's  perimeter,  vi.  393 
SchiefFer decker's    pancreatin 

fluid,  iv.  712 
Schimmelbusch  mask,  iii.  13 
Schimmelbusch's  method  of  pre- 
paring sponges,  i.  567 
Schin-seng,  iv.  352 
Schistosoma,  vii.  871 

ha;mato))iura,  vii.  873 
Schizomycetes,  i.  677 
Schleich's   method   of  local  anoes- 
thesia,  i.  387 
mixture  as  an  anoesthetic,  i.  393 
Schlosing's  method  of  determining 

ammonia  in  urine,  viii.  56 
Schmidt's  method  of  detecting  so- 
dium carbonate  in  milk,  v.  840 
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Schdnlein's  disease,  v.    861 ;    vii. 
68    and  see  Morbus  maculoaus  Werl- 
Jiofli 
School  buildings,  selection  of  site, 

vii.  69 
School  children,  myopia  in,  vi.  84 
School  hygiene,  vii.  68 

arrangement  of  seats,  vii.  69 
baths,  vii.  71 
building,  vii.  69 
color  of  walls,  vii.  69 
eyesight,  vii.  73 
furniture,  vii.  71 
heating  and  ventilation,  vii.  70 
height  of  windows,  vii.  69 
of  window  sills,  vii.  69 
lavatories,  waterclosets,  etc.,  vii. 

71 
lighting,  vii.  69 
medical   inspection   of    schools, 

vii.  73 
rooms,  vii.  69 
site,  vii.  69 
spaces    between    windows,   vii. 

69 
testing  the  eyesight  and  hearing, 

vii.  73 
water  supply,  vii.  71 
window  shades,  vii.  69 
School  life,  ii.  833 
School  rooms,  amount  of  air  re- 
quired in,  ii.  661 
disinfection  of,  iii.  505 
Schooley's    Mountain    Springs, 

vii.  68 
Schroeder's  amputation  of  the  cer- 
vix uteri,  viii.  67 
SchrStter's  laryngeal  cautery  in- 
struments, iii.  758 
Schulzer's  larva  holder,  iv.  703 
Schwabach's  test  for  hearing,  iii. 

661 
Schwalbach,  vii.  73 
Schwann,  medullary  substance  of 
sheath  of,  vi.  336 
white  substance  of,  vi.  336 
Schwartze-Stacke's      mastoid 

operation,  v.  706 
Schweninger's  method  of  treating 

obesity,  i.  135 
Sciatica,  vi.  347;  and  see  Neuralgia 
a  cause  of  spinal  deformity,  vii. 

390 
causes,  vi.  347 
prognosis,  vi.  347 
symptoms,  vi.  347 
treatment,  vi.  347 
Sciatic  artery,  vii.  740 
anomalies  of,  i.  534 
Sciatic  nerve,  great,  vii.  740 
Sciences,  analogy  of,  as  evidence  of 
evolution,  iv.  30 
biological,  i.  758 
Scilla,  vii.  434 
Scillin,  vii.  434 
Scillipikrin,  vii.  434 
Scillitoxin,  vii.  484 
Scilly  Islands  and  Penzance,  vi. 

551 
Scirrhous  ulcer,  vii.  946 
Scirrhus,  see  Carcinoma 
Scissura  pilorum,  i.  605 
Sclera,  iv.  68 ;  and  see  Eye 
diseases  of  the,  vii.  74 
ectasia  of  the,  vii.  75 
inflammation  of  the,  see  Siieritis 
rupture  of  the,  iv.  103 
staphyloma  of  the,  vii.  75 


Sclera,  syphilitic  affections  of  the, 
vii.  619 
tumors  of  the,  iv.  110 ;  vii.  75 
Scleratitis,  scrofulous,  vii.  74 
Sclerema,  vii.  75 

neonatorum,   vi.   337,  338;    vii. 
75;  and  see  (Edema  neonato- 
rum 
Sclererythrin,  iv.  3 
Scleriasis,  vii.  75 
Scleritis,  vii.  74 

complicated,  vii.  74 

simple,  vii.  74 

scrofulous,  vii.  74 
Scleroanthin,  iv.  3 
Sclerocrystalline,  iv.  3 
Scleroderma,  vi.  383;  vii.  75 

circumscribed,  v.  864 

conscriptum,  see  Morphoea 

of  the  hand,  iv.  513 
Sclerodermia,  vii.  75 
Sclerojodin,  iv.  3 
Sclerokeratitis,  vii.  74 
Scleroma  adultorum,  vii.  75 

neonatorum,  vi.  337,  338 
Scleromucin,  iv.  3 
Sclerosis,  amyotrophic  lateral,  viL 
351 

combined,  vii.  335 

disseminated,  viii.  583 

insular,  viii.  583 

lateral,  vii.  350 

multiple  cerebro-spinal,  viii.  583 
cerebro-spinal,    diagn  o  s  e  d 
from  brain  tumor,  ii.  449 

multiple,  diagnosed   from   pare- 
sis, V.  93 

of  the  spinal  cord,  vi.  498 

of  the  retinal  vessels,  vi.  956 

of  the  veins,  see  P7Uebosclerosia 

the  hand  in,  iv.  533 
Sclerostoma  duodenale,  vi.  331 
Sclerotic  acid,  iv.  3 
Sclerotium,  iv.  1 

clavus,  iv.  3 

of  claviceps  purpurea,  iv.  1 
Scolex,  echinococcus,  v.  540 
Scoliosis,  ii.  .807;  v.  456;   and  see 
Lateral  curvature  of  the  spine 

classification,  v.  460 

congenital,  ii.  807 

etiology,  v., 458 

primary  changes  in,  v.  457 

secondary  changes  in,  v.  458 

symptoms,  v.  461 

ti'eatment,  v.  463 
Scolopendra,  v.  160 

castaniceps,  v.  160 
Scombrin,  ptomain,  vi.  790 
Scooper's  pneumonia,  v.  594 
Scoparin,  ii.  498 
Scoparius,  ii.  498 

diuretic  action  of,  iii.  547 
Scopola,  vii.  76 

belladonna,  vii.  76 

carniolica  vii.  76 

Japouica,  vii.  76 
Scopolamine,  iv.  795 

hydrobromate,  iv.  818 

-morphine  anesthesia,  viii.  353 
Scopolia  japonica,  poisonous,  i.  610 
Scorbutic  ulcer,  vii.  944 
Scorbutus,  vii.  78;  and  see  Scurvy 
Scorpion,  v.  159 
Scorpionidse,  v.  159 
Scorpions,  i.  428;  v.  159 

sting  of,  i.  438 

water,  v.  160 
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Screen  for  record  of  lateral  curva- 
ture of  spine,  v.  463 
Screw-worm,  v.  154 
Scrofula,  vii.  77,  903 

of  the  lymph  nodes,  v.  666 
Scrofuloderma,  vil.  77 
Scrofulous   diseases  of  eye,  as  a 

cause  of  blindness,  ii.  13 
Scrofulous,  percentage  of ,  frona  con- 
sanguineous marriages,  iii.  257 
Scrophularia,  vii.  78 
Scrophulariaceee,  vii.  77 

distinguished  from  labiated,  v. 
379 
Scrophularin,  vii.  78 
Scrotum,   cancer   of  the  (chimney- 
sweeps'), ii.  683 
contusions  of  the,  vii.  178 
cysts  of  the,  vii.  179 
eczema  of  the,  iii.  735 
elephantiasis  of  the,  iii.  783 
haematocele  of  the,  vii.  178 
inflammation  of  the,  vii.  178 
injuries  of  the,  vii.  178 
tumors  of  the,  vii.  179 
wounds  of  the,  vii.  178 
Scurvy  or  scorbutus,  vii.  78;  see 
also  under  Purpura,  vi.  78 
button,  iii.  707 
clinical  history,  vii.  79 
definition,  vii.  78 
diagnosed  from  purpura,  v.  863 
diagnosis,  vii.  80 
etiology,  vii.  78 
general  considerations,  vii.  78 
history,  vii.  78 
infantile,  vii.  81 

clinical  symptoms  in,  vii.  83 
diagnosis,  vii.  83 
etiology,  vii.  81 
general   considerations,   vii. 

81 
pathology,  vii.  83 
treatment,  vii.  83 
in  the  army,  ii.  619 ;  v.  803 
pathology,  vii.  80 
prognosis,  vii.  80 
the  joints  in,  v.  365 
treatment,  vii.  80 
Scutellaria,  v.  379;  vii.  341 
lateriflora,  vii.  341 
Western,  vii.  341 
Scutellarin,  vii.  341 
Seasickness,  vii.  83 

idiosyncrasy  in,  iv.  841 
Sea  voyages,  vii.  85 

contraindications,  vii.  86 
indications,  vii.  86 
in  treatment  of  tuberculosis,  i. 
641 
Sea  water,  distillation  of,  for  use  on 

ships,  vi.  169,  170 
Sea-wrack,  i.  799 
Seal,  golden,  see  Hydrastis 
Seasons,  influence  of,  upon  sickness 
and  death  in  the  army,  i.  498 
in  relation  to  dysentery,  iii.  567 
to  insanity,  v.  30 
Seat-worm,  i.  363 
Sebaceous  glands,  viii.  678 

secretion  of,  vii.  100 
Seborrhoea,  vii.  86  ... 

diagnosed  from  eczema,  m.  1^6 

from  psoriasis,  vi.  783 
diagnosii:,,  vii.  88 
etiology,  vii.  88. 
of  the  auricle,  in.  607 
oleosa,  vii.  87 


Seborrhoea  sicca,  vii.  87 
symptoms,  vii.  87 
treatment,  vii.  89 
Sebum  ovile,  vii.  548 
Secale  cereale,  iv.  1 
cornutum,  iv.  1 
Seccec,  ii.  828 
Second  nerve,  iv.  79 

wind,  iv.  613 
Secondary  anaemia,  blood  changes 
in,  ii.  69 
cachexia  in,  ii.  531 
causes  of,  ii.  533 
classification  of,  ii.  533 
Secondary  waves  of  pulse,  vi.  799 
Secrecy,  professional,  iv.  141 
Secretin,  vii.  90 

Secretion  or  secretions,  adrenal, 
vii.  101 
biliary,  vii.  97 
elfect    of    sympathetic  nervous 

system  on,  vii.  583 
external,  vii.  90 
gastric,  v.  773;  vii.  95 
hepatic,  v.  773 
inhibition  of,  v.  34 
in  insanity,  v.  53 
internal,  v.  774;  vii.  101 
mammary,  ii.  471;   v.  818;  vii. 

101 
metastasis  of,  v.  778 
pancreas,  internal  secretion  of, 

vii.  104 
pancreatic,  v.  774;  vii.  93 
physiology  of,  vii.  90 
renal,  vii.  98 
reproductive,  vii.  104 
;salivary,  v.  773;  vii.  90 
sebaceous,  vii.  100 
small  intestines,  vii.  97 
sweat,  vii.  100 
thyroid  tissues,  vii.  101 
Secretory  disorders  of  hysteria, 

iv.  833 
Section  cutting,  iv.  713 
Sections,   methods  of  making,  iv. 
713 
of  nervous  tissue,  ii.  334 
serial,  iv.  716,  717 
Sects,  medical,  iv.  47 
Securite,  vii.  910 
Sedatin,  vii.  105 
Sedative,  heat  as  a,  iv.  634 
Sedatives,  nervous,  in  insanity,  v.  73 
poisons,  vi.  691 
urinary,  viii.  37 
vascular,  in  insanity,  v.  73 
Sedgwick  and  Tucker's  aerobio- 

scope,  viii.  447 
Sedillot's  operation,  cheiloplasty, 
vi.  903 
harelip,  iv.  536 
Sediment  in  milk,  v.  883 
Sediment,  urinary,  viii.  56 
Seeds,  adulteration  of,  iv.  163 

poisonous,  vi.  699 
Segmentation  of  the  body,  vii.  105 

of  the  ovum,  vii.  106 
Segmenting  zone,  ii.  3 
Seguin's  signal  symptom,  in  epi- 
lepsy, ii.  420 
Seidlitz  powder,  vi,  744 

as  a  laxative,  v.  469 
Seigler's  Springs,  vii.  109 
Seignette's  salt,  vi.  744 
Selection,  genetic,  iv.  35 
natural,  iv.  28 
physiological,  iv.  33 


Selection,  reproductive,  iv.  35 

sexual,  iv.  34 
Seliwanoff's  reaction   for   levu- 

lose,  viii.  42 
Semecarpus  anacardium,  ii.  707 
Semen  contra,  viii.  315 

sanctum,  viii.  315 
Semicircular  canals,  i.  620 

function  of.  i.  634;  iii.  859 
Semilunar   cartilages,   displaced, 
massage  for,  v.  698  * 

Semilunar  ganglia,  vii.  578 

pathology  of,  vii.  109 
Semimembranosus    muscle,    vii. 
740 
anomalies  of,  vi.  56 
Seminal  incontinence,  vii.  193 
Seminal  stains,  medico-legal  ex- 
amination of,  vii.  113 
Seminal  vesicles,  iv.  337 
absce.ss  of,  vii.  190 
concretions  of,  vii.  191 
calculi  of,  vii.  191 
cysts  of,  vii.  191 
diseases  of,  vii.  190 
inflammations  of,  vii.  190 
malformations  of,  vii.  190 
tuberculosis  of,  vii.  191 
wounds  of,  vii.  190 
Semitendinosus  muscle,  vii.  740 

anomalies  of,  vi.  56 
Senega,  vii.  113 

as  an  expectorant,  iv.  50 
Senegin,  vii.  114 
Senescence,  phenomena  of,  i.  138 
Senile  changes,  health  resorts  for, 

iv.  565 
Senile  necrosis,  vi.  303 
Senility,  vii.  114 

climate  suitable  for,  iv.  565 
external  phenomena  of,  iii.  378 
health  resorts  for,  iv.  565 
Senna,  vii.  116 

action  and  use,  vii.  117 
administration,  vii.  117 
Alexandrian,  vii.  117 
allied  products,  vii.  117 
as  a  laxative,  v.  470 
as  a  purgative,  vi.  810 
British,  vii.  116 
constituents,  vii.  117 
description  of,  vii.  117 
Indian,  vii.  117 
Tinnevelly,  vii.  117 
varieties  of,  vii.  116 
Senn's  decalcified  bone  plates,  v.  179 
lateral  implantation  suture,  v. 

179 
method  of  amputation,  i.  366 
Sensation,  disorders  of,  vii.  117  _ 
disturbances  of,  in  hysteria,  iv. 

831 
idiosyncrasy  in,  iv.  841 
irradiated,  v.  231 
primary  centres  of  localization, 

ii.  308 
visual  and  auditory  compared,  i. 
624 
Sense,  muscular,  i.  283 

special,   disturbances  of,  in  in- 
sanity, V.  51 
Senses,  development  in  infancy,  iv. 
858 
in  childhood,  ii.  833 
Sensibility,  cutaneous,  disturb- 
ances of,  in  insanity  v.  51 
functional   derangements  of,   i. 
383 

883 


Sensibility. 
Sinuses. 


GENERAL  INDEX. 


Sensibility,  loss  of,  i.  285 

methods  of  testing,  i.  383 

tactile,  i.  135 

disturbances  of,  in  insanity, 
V.  51 
Sensitiveness      to     temperature 

changes  in  cliildhood,  ii.  839 
Sensory  areas,  distribution  of,  ii. 

305 
Sensory  disorders  in  neurasthenia, 
'   vi.  250 

Separated  milk,  v.  833 
Separation  of  retina,  vi,  959 
Sepia  officinalis,  iii.  339 
Sepsis,  in  fractures,   treatment  of, 
iv.  357 

in  the  new-born,  vi,  278,  281 

neonatorum,  vi.  381 

puerperal,  vi.  793 
Septic  absorption,  a  cause  of  sub- 
involution of  uterus,  viii.  101 
Septiceemia  and  pyaemia,  vii.  133 

classification,  vii,  122 

diagnosis,  vii.  139 

etiology,  vii.  123 

historical  memoranda,  vii.  133 

pathology,  vii.  133 

post-mortem  findings,  vii.  124 

prognosis,  vii.  129 

puerperal,  vi.  793;  vii,  135 

signs  and  symptoms,  vii.  134 

treatment,  vii.  139 
Septico  -  pyaemia,    cryptog'enic, 

viii,  313 
Septum  of  the  nose,  vi.  101 

cartilages  of,  vi.  101 

deviations  of,  vi.  135 

outgrowths  from,  vi.  135 

perforations  of,  vi.  135 

polypi  of,  vi.  139 
Sequestration,  vi.  205 
Sequestrum,  vi.  205,  430 
Serenoa  serrulata,  vii.  43 
Serositis,  chronic  multiple,  viii.  504 
Serosynovitis,  vii.  596 
Serpentaria,     vii.     354;    and    see 
Siiakeroot 

family,  i.  449 

Texas,  vii.  355 

Virginia,  vii.  354 
Serpyllum,  vii.  765 
Serratus  magnus  muscle,  anom- 
alies of,  vi,  51 
Serratus  posticus  inferior  mus- 
cle, anomalies  of,  vi,  60 
Serratus  posticus  superior  mus- 
cle, anomalies  of,  vi,  60 
Serres  fines,  iv,  726 
Serum,  against  snake-bite,  vi.  715 

antivenomous,  vi.  715 

bactericidal  action  of,  ii.  36 

blood,  ii.  34,  36 

compared  with  chyle,  iii.  76 

composition  of,  iii.  76 

eel,  viii.  477 

endotheliolytic,  viii.  476 

globulicidal  action  of,  ii.  36 

haemolysis  b}'  means  of,  viii.  530 

leucocytolytic,  viii.  476 

lipolytic  action  of,  ii  36 

lymphatolytic,  viii.  477 

nephrolj'tic,  viii.  477 
neurolytic,  viii.  477 

thyrolytic,  viii,  477 
Yersin's    antipest,    in    bubonic 
plague,  ii,  511 
Serum  diagnosis,  vii.  131 
technique  of,  vii.  133 


Serum  therapy,  vii.  132 
in  anthrax,  vii.  133 
in  diphtheria,  iii.  489 
in  phlegmon,  vi.  619 
Sesamum  indicum,  i.  743 
Setons,  iii.  305 
Setting-up  drill,  v.  815 
Seven  barks,  iv,  774 
Seven  Springs,  vii.  134 
Seventh  nerve,  iii.  331 
Sevum,  vii.  548 

prseparatum,  vii.  548 
Sewage,  theory  of  bacterial  purifi- 
cation of,  vii.  135 
Sewage  farms,  vii.  135 
Sewer  air,  i.  158 

Sewerage  and  sewage  disposal, 
vii.  134,  139 
care  of  sand  filters,  vii.  136 
chemical  precipitation,  vii.  139 
contact  filters,  vii.  141 
disposal  by  dilution,  vii.  134 
for  isolated  houses,  iv.  766 
for  villages,  iv.  766 
system  of  Brockton,  vii.  137 
filters  of  coarse  material,  vii.  141 
filtration  at  Marlborough,  Mass., 
vii.  138 
through   gravel   or  other 

coarse  material,  vii.  141 
through   intermittent    sand 
filters,  vii.  136 
intermittent    continuous    filtra- 
tion, vii.  143 
filtration,  vii,  136 
mechanical  straining,  vii.  140 
method  of  operation  of  sand  fil- 
ters, vii.  136 
physical  characteristics  of  sand 

for  flltration,  vii.  136 
rate  of  filtration  through  sand 

filters,  vii.  136 
sand  filter  areas,  vii.  137 
septic  tank  treatment,  vii.  142 
sewage  farming,  vii.  135 
straining,  vii.  140 
theory  of  bacterial  purification, 
vii.  135 
Sex,  vii.  144 

as  a   factor  in   occupation,   vi. 

321 
characteristics  of,  primary,  vii. 
144 
secondary,  vii.  145 
tertiary,  vii.  145 
determination  of,  in  cadaver,  ii. 

539 
determined  by  pelvic  measure- 
ments, ii.  541 
by  slieleton,  ii.  540 
effect  of,   upon  pulse  rate,  iii. 

110 
influence  of,  upon  dysentery,  iii. 
568 
upon  longevity,  v.  569 
upon  neurasthenia,  vi.  251 
in  insanity,  v.  30,  31 
modifying  dosage,  iii.  551 
Sexton's  ear  forceps,  iii.  663 
Sexual  apparatus,  relation  to  nasal 

mucous  membrane,  vi.  133,  134 
Sexual  differences  in  the  skeleton, 

ii.  539 
Sexual  disorders,  a  cause  of  head- 
ache, iv.  549 
Sexual  excesses,  as  cause  of  epi- 
lepsyj  iii.  849 
as  factor  in  paresis,  v.  88 


Sexual  functions,  connection   be- 
tween, and  the  thyroid  gland, 
iv.  380 
in  neurasthenia,  vi.  351 
Sexual  glands   and  ducts,  mal- 
formations of,  vii.  709 
Sexual  instincts,  contrary,  v.  134 
Sexual  life  of  male,  effect  of  cas- 
tration on  the,  ii.  711 
of  women,  effect  of  castration  on 
the,  ii.  714 
Sexual  organs,  female,  vii.  147 
ovaries,  vii.  150 
oviducts,  vii.  154 
uterus,  vii.  157 
vagina,  vii.  164 
vulva,  vii.  168 
Sexual  organs,  male,  see  Genital 
organs,  male 
injuries  and  diseases  of,  vii.  178 
amputation  of  the  penis,  vii. 

178 
anomalies   of   the    testicle, 

vii.  179 
calcification  and  ossification 

of  the  penis,  vii.  177 
chylocele,  vii.  188 
congenital    defects    of    the 

penis,  vii.  173 
cord,  tumors  of  the,  vii.  190 
epididymectomy,  vii.  184 
epididymitis,  vii.  181 
epispadias,  vii.  174 
extirpation  of  the  inguinal 

glands,  vii.  178 
extirpation  of  the  penis,  vii. 

178 
fibrosis   of    erectile  bodies, 

circumscribed,  vii.  177 
gangrene  of  the  penis,  vii. 

176 
hasmatocele,  vii.  188 
herpes     progenitalis,    see 

Herpes 
horns,  vii.  177 
hydrocele,     idiopathic,    vii. 

185 
hydrocele,  symptomatic,  vii. 

185 
hypospadias,  vii.  174 
impotence,  vii.  192 
inflammation  of  the  erectile 

bodies,  vii.  176 
injuries  of  the  penis,  vii.  176 
irritable  testicle,  vii.  180 
lymphangitis,  see  Chancroid 

and  Oonorrhcea 
malignant    neoplasms,    vii. 

177 
orchidectomy,  vii.  185 
orchitis,  vii.  182 
paraphimosis,  vii.  174 
phimosis,  vii.  173 
scrotal  injuries,  vii.  178 
seminal     incontinence,    vii. 

193 
seminal  vesicles,  vii.  190 
skin  diseases,  see  Ski?i  dis- 
eases of  the  scrotum 
spermatic  cord,  hydrocele  of 

the,  vii.  187 
spermatic   cord,   torsion  of 

the,  vii.  180 
spermatocele,  vii.  187 
spermatorrhoea,  vii.  193 
sterility  in  the  male,  vii.  193 
testicle,  gangrene  of  the,  vii. 
180 
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Sexual  organs,  male,  injuries  and 
diseases  of,  testicle,  inflam- 
mation of  the,  vii.  180 
testicle,  iniurles  of  the,  vii. 

180 
testicle,  syphilis.of  the,  vii. 
.   184 
testicle,  tuberculosis  of  the, 

-vii.  183 
testicle,  tuinors  of  the,  vii. 

184 
tuberculosis,  vii.  177 
varicocele,  spontaneous,  vii. 

188 
varicocele,        symptomatic, 

vii.  188 
venereal     ulcerations,      see 
Chancroid,  sypliilis 
Sexual    organs,    malformations 
of,  vii.  710 
fevnale,  vii.  710 
male,  vii.  710 
Sexual  selection,  iv.  34 
Shaddock,  ili.  127 
Shadow  test,  vii.  194 
Shake  cultures,  viii.  427 
Shaking  palsy,  vi.  485 
Shannondale  Springs,  vii.  198 
Sharon  Springs,  vii.  198 
Sharpey's  fihres,  ii.  116 
Sheboygan  Mineral  "Well,  vii.  199 
Sheep,  apoplexy  among,  detection 
of,  V.  726 
"  braxy  "  among,  detection  of,  v. 
726 
Sheeppox,  detection  of,  v.  726 
Sheep,  haemolymph  glands  of,  iv.  468 
Sheet,  ruhher,  for  soldiers,  v.  796 
ShefB.eld  grinder's  rot,  v.  594 
Sheldon  Springs,  vii.  199 
Sheringham  valve,  iv.  757 
Shield,  viii.  173 
Shingles,   iv.   686;  and  see  Herpes 

zoster 
Ship,  transportation  of  disabled  on, 

vi.  187 
Ship's  air,  sources  of  contamination 

of,  vi.  158 
Ships,  disinfection  of,  iii.  498,  505 
hygiene   of,    vi.    155;    and    see 

Naval  hygiene 
inspection  of,  at  quarantine  sta- 
tion, vi.  823 
relation  between  size  of  hatches 

and  tonnage  of,  vi.  158 
ventilation  of,  vi.  155 
water  supply  of,  vi.  167 
Shir  khist,  v.  693 
Shirts,  military,  v.  795 
Shock,  as  immediate  cause  of  death, 
i.  666 
electrical,  clinical  manifestation 
in,  iii.  750 
resuscitation  from,  iii.  752 
spontaneous  recovery  from, 
iii.  752 
from  hemorrhage,  efEect  of  en- 

teroclysis  on,  iii.  833 
in  contusions,  iii.  273 
in  gunshot  wounds,  iy.  440 
intravenous  injection  in,  v.  194 
surgical,  vii.  199 ;  viii.  689 
symptoms  of,  i.  20 
treatment  of,  i.  20 
Shoddy  fever,  vi.  321 
'  Shoe,  army,  v.  795 

for  metacarpal  disease,  v.  «;»a 
proper,  for  soldiers,  v.  795 


Shoe,  proper,  for  weak  foot,  iv.  205 
Shortening  of  limb,  complicating 

hip  disease,  v.  285 
Short-sightedness,  see  Myopia,  vi. 

77 
Shot,   in  intestinal  obstruction,  v. 

173 
Shot  wounds,  see  Oiinshot  wounds 
Shoulder -joint,  vii.  204 
amputation  at,  i.  253 
anomalies  of  muscles  of,  vi.  51 
arthritis  deformans  of,  v.  276 
bursffi  of,  ii.  523 ;  vii.  206 
chronic  synovitis  of,  v.  276 

tuberculous  ostitis  of,  v.  376 
congenital  dislocations  of,  iv.  698 
diseases  of,  v.  276 

treatment  of,  v.  289 
dislocations  of,  iii.  517 

with  fracture,  iii.  520 
drainage  of,  v.  294 
ligaments  of,  vii.  205 
lymphatic  glands  of,  v.  632 
lymphatics  of,  v.  631 
periarthritis  of,  v.  276 
resection  of,  vi.  921 
surgical  anatomy  of,  vii.  204 
Shoulder  presentations,   v.   393; 

and  see  Transverse  presentation 
Shoulders,  round,  ii.  808 

stoop,  ii.  808 
Shrapnell's  membrane,  i.  616;  iii. 
580 
perforation  in,  in  chronic  puru- 
lent otitis,  iii.  639 
Shrapnell-shot,  iv.  429 
Sialagogues,  vii.  210 
Sialorrhcea,  vi.  513 
Sick,  dietetics  of  the,  iii.  450 
Sickness,  falling,  iii.  845 

morning,  see    Vomiting  of  preg- 
nancy, viii.  269 
Sick-room,  disinfection  of  the,  iii. 

497 
Sico,  ii.  828 
Side-chain  theory  of  Paul  Ehr- 

lich,  vii.  210 
Sideroscope,  vii.  213 
Siderosis,  v.  594;  vi.  635;  vii.  213 
Sidonal,  vii.  214 
new,  vii.  214 
Siegle's  ear  speculum,  iii.  663 
Sieveking's  sesthesiometer,  i.  135 
Sight,  and  see  Vision 

centripetal  conduction  path  of, 

ii.  363 
disturbances  of,  in  insanity,  v. 

51 
examination  of,  vi.  8.54 
Sigmatism,  vii.  435 
Sigmoid  sinus,  septic  thrombosis 

of,  operation  for,  v.  712 
Sign,  Kernig's,  in  meningitis,  ii. 

394 
Siguatera,  iv.  184,  188 
Sike,  ii.  828 
Sikka,  ii.  828 
Siko,  ii.  828 

Silent  areas  of  brain,  ii.  311 
Silicosis,  vii.  214 
Silk,  for  sutures,  iii.  554 
Silk  workers,  health  of,  vi.  324 
Silkworm  gut,  for  sutures,  iii.  554 
Silver,  vii.  214 

as  a  cause  of  blindness,  ii.  13 
as  a   pathological   pigment,  vi. 

635 
citrate,  vii.  216 


Silver,  colloidal,  vii.  216 

compounds    used  in    medicine, 

vii.  214 
cyanide,  iii.  340;  vii.  216 
eosolale  of,  iii.  844 
iodide,  vii.  215 
lactate,  vii.  216 

medicinal  properties  of,  vii.  214 
nitrate,  vii.  215 

caustic  action  of,  ii.  158 
oxide  of,  vii.  214 

used  for  tapeworm,  i.  362 
poisoning  by,  i.  446 ;  see  Argyria 
quinaseptolate,  vii.  216 
salts  of,  for  gonorrhoea,  viii.  167 
soluble,  vii.  216 
sulphocarbolate,  vii.  216 
vitelline,  vii.  316 
Silver  City,  vi.  283 
Silver  fork  deformity,  iv.  263 
Silver  wire  as  suture,  iii.  554 
Simaba  cedron,  ii.  760 
Simarubacese,  poisonous  plants  of, 

vi.  695 
Simblum  rubescens,  iv.  286 
Simiruba  excelsa,  vi.  826 
Simon's  operation   for  vesico-vagi- 
nal  fistulse,  viii.  175 
retractor,  viii.  175 
Simoom,  iii.  140 
Simple  necrosis,  vi.  202 
Sims'  female  catheter,  ii.  753 
fork,  viii.  173 
operation  for  vesico-vaginal  fis- 

tulae,  viii.  173 
tampon  extractor,  viii.  173 
vaginal  dilator,  viii.  180 
Simulidse,  v.  164 

Simulium  invenustum,  v.  164, 165 
Sinalbin,  vi.  68 
Sinapin  sulphate,  vi.  68 
Sinapis  alba,  vi.  67 

nigra,  vi.  67 
Sincipital  cephalocele,  ii.  336 
Singers'  nodes,  v.  416 
Singultus,  viii.  544 
Sinigrin,  vi.  68 
Sinks,  iv.  763 

Sinuses,  aifections  of,  vi.  144 
anomalies  of,  viii.  203 
caroticus,  ii.  263 
cavernous,  ii.  361 
cerebral,  ii.  260 

anomalies  of,  viii.  303 
dural,  ii.  260 
epicranial,  ii.  260 
ethmoidal,  vi.  104;  vii.  285 
falcial,  ii.  256,  260 
frontal  anatomy,  vi.  104;  vii.  234 

measurements  of,  viii.  240 
great,  of  aorta,  i.  406 
inferior  petro-occipital,  ii.  363 
intracranial,  wounds  of,  iv.  560 
lateral,  ii.  261 
longitudinal,  ii.  260 
maxillary,  vi.  104;  vii.  233 

measurements  of,  viii.  240 
measurements  of,  viii.  238 
occipital,  ii.  262 
occlusion  of,  ii.  262 
of  the  dura,  ii.  260 

phlebitis  of,  iii.  658 
of  the  nose,  vi.  104 
of  Valsalva,  iv.  571 

aneurism  of,  i.  843 
orbital,  vii.  236 
pocularis,  vi.  757 
prepetrosal,  ii.  261 
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Sinuses,   sphenoidal,   vi.    105;  vii. 
335 
subpetrosal,  ii.  361 
subsphenoidal,  ii.  861 
superpelrosal,  ii.  261 
tentorial,  ii.  356,  361 
terminalis,  i.  444 
thrombosis,  a  cause  of  headache, 

iv.  553 
torticular,  ii.  361 
transverse,  ii.  361 
venosus,  i.  444;  iv.  568 
Sinusitis  frontalis,  iv.  371 
Siphonaptera,  v.  154 
Siriasis,  iv.  618 
Sirocco,  iii.  140 

Sirolin,  vii.  741 ;  and  see  TMocol 
Site  for  houses,  iv.  750 

examination  of,  iv.  768 
Sitka  Hot  Springs,  vii.  317 
Sitotoxismus,  iv.  189 
Sixth,  nerve,  iii.  824 
Size,  abnormal,  of  new-born,  vi.  376 
effect  on  pulse  rate,  iii.  109 
estimate  of,  viii.  346 
Skagg's  Hot  Springs,  vii.  317 
Skatol  as  a  germicide,  iv.  385 
ptomain,  vi.  789 
in  urine,  viii.  45 
Skatoxyl  In  urine,  viii.  45 
Skeleton,  acromegalic,  i.  93 
in  cretinism,  iv.  393 
sexual  diiferences  in,  ii.  539 
Skene's  curette,  iv.  466 

tenaculum,  iv.  465 
Skewness,  measurement  of,  viii.  194 
Skey's  arterial  compressor,  i.  536 
Skin,  viii.  671 

abnormalities  of,  vii.  717 
absorptive  function  of,  vii.  318 
adenoma  of,  i.  112,  115 
adipose  layer  of,  viii.  676 
affections  of,  in  arm  and    fore- 
arm, i.  454 
in  hand  and  fingers,  iv.  511 
anatomy  of,  viii.  671 
appendages  of,  viii.  682 
application  of  remedies  to,  v.  733 
arteries  of,  viii.  679 
blood-vessels  of,  viii.  679 
bronzing   of   the,   in  Addison's 

disease,  i.  108 
carbon  dioxide  eliminated  by,  v. 

768 
carcinoma  of,  ii.  631,  673,  680 
cleavage  lines  of,  viii.  671 
colloid  degeneration  of,  iii.  200 
color  of,  viii.  671 
corium,  viii.  674 
cutis  propria,  viii.  674 
cysticerci  of,  iii.  344 
cysts  of,  iii.  344,  350 
density  of,  viii.  671 
derma,  viii.  674 
dermoids  of,  vii.  717 
diet  in  diseases  of,  iii.  466 

in  Addison's  disea.5e,  i.  168 
diseases  due  to  autointoxication, 
i.  644 
eosinophilia  in,  v.  493 
Pinsen     treatment    of,     vi. 

993 
mercury  in  treatment  of,  v. 

756 
of  vulva,  viii,  102 
effect  of  massage  upon,  v.  696 
elastic  tissue  of,  viii.  G'75 
elasticity  of,  yiii.  671 


Skin,  embryology  of  the  derma,  viii. 
674 
of  the  epidermis,  viii.  673 
of  the  hairs,  viii.  683 
of  the  nails,  viii.  683 
of  the  sebaceous  glands,  viii. 

678 
of  the  sweat-glands,  viii.  676 
end-bulbs  of  Krause,  viii.  683 
epidermis,  viii.  673 
layers  of,  viii.  673 
thickness  of,  viii.  673 
epithelioma  of,  iii.  852 
excretory  function  of,  vii.  317 
fatty  layer,  viii.  675 
fibroma  of,  iv.  155 
folds  of,  viii.  673 
functions  of,  vii.  317 
furrows  of,  viii.  673 
general  characteristics  of,    viii. 

670 
glands  of,  viii.  676 
gonorrhoeal  affections,  viii.  538 
grafting  with,  vii.  320 
hair,  anatomy  of,  viii.  683 
heat-regulating  function,  vii.  318 
in  childhood,  ii.  839 
in  diabetes  mellitus,  iii.  431,  429 
in    myelogenous    leukaemia,    v. 

500 
intercellular  spaces  of  the  stra- 
tum mucosuni,  viii.  673 
lymphatic  vessels  of,  viii.  681 
medication  by  way  of,  v.  735 
medication  of,  v.  733 
muscles  of,  viii.  675 
myoma  of,  vi.  76 
nails,  anatomy  of,  viii.  683 
nerve  endings  in,  iii.  830 
nerves  of,  viii.  681 
neurofibroma  of,  iv.  155 
neuroma  of,  vi.  358 

of  the  forearm,  iv.  338 
Pacinian  bodies,  viii.  683 
painful  neuroma  of,  vi.  358 
panniculus  adiposus,  viii.  676 
parasites  of,  vi.  500 
pars  papillaris    of   the  corium, 
viii.  676 
reticularis    of    the    corium, 
viii.  674 
post-mortem  changes  in,  ii.  535 
protective  function  of,  vii.  217 
Ranvier's  tactile  discs,  viii.  683 
rete  Malpighii,  viii.  673 
sebaceous  glands,  viii.  678 
sensory  functions  of,  vii.  218 
special  sensations  of,  vii.  219 
stratum  corneum,  viii.  673 
granulosum,  viii.  673 
lucidum,  viii.  674 
mucosum,  viii.  673 
spinosum,  viii.  673 
structure  of,  viii.  672 
subcutaneous     connective-tissue 

layer,  viii.  675 
sweat  glands,  viii.  676 
tactile  corpuscles,  viii.  683 
temperatnre-regulatiag  function 

of,  vii.  318 
tension  of,  viii.  671 
termination   of  muscular   fibres 

in,  vi.  14 
tuberculosis  of,  vii.  333 
veins  of,  viii.  680 
Skin-grafting,  vii.  220 
Skins,    treating    and    tanning, 
regulations  for,  vi.  333 


Skin,  tuberculosis  cutis  orifici- 
alis, vii.  323 
Skin,  tuberculosis  disseminata, 

vii.  333 
Skin,  tuberculosis  of,  vii.  233 
Skin,    tuberculosis     verrucosus 

cutis,  vii.  333 
Skull  cap,  V.  379;  vii.  341 
Skull,  the,  vii.  334 

age  differences  in,  vii.  333 
anatomical  points  of,  vii.  339 
bony  landmarks  of,  ii.  401 ;  vii. 

338 
comparison  of  human   and  an- 
thropoid, vii.  337 
cranial  capacity,  vii.  330 
cranio -encephalic      topography, 

vii.  339 
craniology,  vii.  339 
exterior  of,  vii.  234 
fossae  of,  tumors  in,  ii.  448 
fractures  of,  ii.  431 ;  iv.  556 
indexes  of,  vii.  330 
in  insanity,  v.  51 
interior  of,  vii.  335 
osteoplastic  resection  of,  ii.  134, 

407 
percussion  of,  ii.  406 
pneumatic  spaces  in,  vii.  333 
sexual  differences  in,  vii.  333 
sutures  of,  vii.  331 
venous  openings  through,  ii.  363 
Slaughter-houses,  regulations  for, 

vi.  331 
Sleep,  iii.  559;  and  see  Drowsiness 
disorders  of,  iii.  361 
in  infancy,  iv.  860 
loss  of,  V.  169 ;  and  see  Insomnia 
normal,  factors  producing,  v.  169 

causes  of,  v.  169 
possibility  of  administering 
chloroform    during,    without 
awakening,  Iii.  9 
Sleeping-sickness,  iii.  561 ;  vii.343; 

viii.  645,  686 
Sleeplessness,  iii.  560 
Slide  for  hanging-drop,  viii.  394 
Small  intestine,  bacteria  of,  iii.  85 
histology  of,  v.  183 
lymphatics  of,  v.  638 
secretion  of,  vii.  97 
villi  of,  V.  183 
Smallpox,  vii.  344 

and  chickenpox,  differential  di- 
agnosis of,  vii.  249 
and  febrile  lichen,  diagnosis,  vii. 

250 
and  Impetigo  contagiosa,  diag- 
nosis of,  vii.  350 
and  measles,   diagnosis  of,  vii. 

350 
and   pemphigus,     diagnosis  of, 

vii.  350 
and   syphilis,  diagnosis  of,  vii. 

349 
and     vaccination,     comparative 
protection  afforded    by,    viii. 
133 
confluent,  vii.  248 
death  rate  in,  see  Vaccination 
definition,  vii.  244 
differential  diagnosis,  vii.  349 
disinfection  in,  vii.  252 
discrete,  vii.  247 
etiology,  vii.  246 
Finsen  method  of  treatment,  vi. 

992 
hemorrhagic,  vii.  348 


886 


GENERAL  INDEX. 


Solanlne, 


Smallpox,  history,  vii.  244 
hospital  for,  v.  335 
immunity   frcim,   of    the  vacci- 
nated and  unvaccinated,  viii. 
121 
in  armies,  li.  589 
inoculation,  vil.  246 
isolation  in,  vli.  251 
modified,  vil.  248 
morbid  anatomy,  vil.  246 
morbidity  of,  as  aiTected  by  vac- 
cination, vili.  121,  126 
mortality   from,  as  affected  by 

vaccination,  viil.  121,  126 
pharyngitis  in,  vi.  593 
prognosis,  vl.  251 
prophylaxis,  v.  814;  vli.  251 
protection  afforded  by  vaccina- 
tion, vil.  246,  247,  251 ;  viil.  121 
quarantine  in,  vi.  824 

disinfection   of   vessels,   vi. 
826 
relation  of  vaccinia  to,  viii.  118 
stages  of,  vii.  247 
symptoms  and  course,  vii.  247 
treatment,  vii.  251 

by  red  hght,  vl.  992 
vaccination,    vii.    251 ;    see  also 
VcKcination 
Smear  cultures,  viii.  428 
Smeg^ma  bacillus,  bacteriology  of, 

i.  693 
Smell,  centripetal  conduction  path 
of,  11.  362 
classification  of,  vi.  354 
disturbance   of,   in  cerebral  tu- 
mor, li.  445 
in  Insanity,  v.  51 
localization  of  sense  of,  li.  308 
loss  of,  vl.  131 
perversions  of,  vi.  131 
offensive,  a  public  nuisance,  vl. 

330 
sense  of,  see  Olfactory  nerve 

function  of  the  nose  in,  vi. 

106 
physiology  of,  vi.  353 
tests  foi',  vi.  354 
Smellie's    craniotomy    scissors, 

vi.  815 
Sm.elling  salts,  1.  216 
Smilacin,  vli.  41 
Smilasaponin,  vii.  41 
Smilax,  china,  vii.  41 
grandiUora,  vii.  40 
medica,  vil.  40 
ornata,  vii.  40 
papyracea,  vli.  40 
pseudo  china,  i.  726 
Smith-Hodge  pessary,  viii.  82 
Smith-Kosin  test  for  bilirubin,  v. 

345  .     „,„ 

Smith's  anterior  sphnt,  iv.  257 

method  of  reducing  dislocation 
of  humerus,  iii.  519 
of   reducing   dislocation  of 
hip,  Hi.  525 
Smith's  fermentation  tube,  viil. 

448 
Smith's  (T.)  operation  for  harelip, 

Iv.  538  .  . 

Smoke,  a  public  nuisance,  vi.  ddU 
Smokeless  powder,  iv.  430 
Smothering,  signs  of  death  from, 

1.  672 
Smuts,  iv.  282 
Snails,  viii.  687 
edible,  viii.  688 


Snails,  poisoning  from,  viii.  567 
sea,  vili.  567 
■wild,  viii.  567 
Snake-bite,  poisonous,  vi.  711 
Snake  poison,  antidote  to,  1.  373 
Snake  poisoning,  serum  therapy 

in,  vii.  138 
Snakeroot,  Canada,  vli.  254 
seneca,  vii.  113 
Texas,  vii.  2.54 
"Virginia,  vii.  2.54 
Snakes  and   snake    poisons,  see 

Poimnous  reptiles 
Snakes,  hair,  vi.  324 

impression  of  teeth  of,  vi.  710 
poisonous,  vi.  708 
Snake  venoms,  vi.  710 
antidote  to,  1.  373 
serum  therapy  in,  vi.  715 
Snellen's  test  letters,  vi.  392,  395 
Snow  blindness,  vi.  958 
among  troops,  ii.  619 
Soap,  vii.  355 

amount  allowed  soldiers,  v.  799 

as  an  antidote,  i.  373 

Castile,  vii.  255 

German,  vii.  255 

green,  vii.  255 

hard,  vii.  255 

liniment,  vil.  255 

manufacture  of,  regulation  for, 

vi.  332 
plaster,  vii.  255 
soft,  vii.  355 
Spanish,  vii.  255 
Soap  bark,  vii.  256 
Soap  cysts,  viii,  483 
Soap  root,  vii.  356 
Soapwort,  vil.  256 
Sociological  conditions  as  affected 

by  castration,  11.  713 
Sod&  as  a  caustic,  ii.  758 
as  a  germicide,  iv.  836 
caustic,  vii.  256 
chlorinated,  iii.  6 
cooking,  vli.  2.57 
hypochlorite  as  a  germicide,  iv. 

333 
native,  vii.  357 
plain,  11.  659 
vcashing,  vii.  357 
Soda  water,  li.  665 
Sodio-ferric  phosphate,  v.  337 

pyrophosphate,  v.  227 
Sodium,  vii.  356 
acetate,  vii.  257 
alpha-eigon,  iii.  730 
arsenate,  1.  524 
benzoate,  1.  745 

as  a  cholagogue,  iii.  81 
blborate,    germicidal   action  of, 

iv.  336 
bicarbonate,  vii.  257 

as  a  cholagogue,  Iii.  30 
borate,  vii.  257 
bromide,  ii.  485 
caffeine  salicylate,  viil.  318 
carbonate,  vii.  257 

as  an  antidote,  1.  873 

as  a  preservative  of  milk,  v. 

839 
In  milk,  determination  of,  v. 

840 
poisoning  by,  v.  844 
chlorate,  vii.  358 
chloride,  ill.  4 

as  an  antidote,  i.  373 
as  a  germicide,  iv.  836 


Sodium  chloride,   therapeutic   uses 
of,  iii.  4 
cinnamate,  111.  93;  iv.  688 
compounds    used  in    medicine, 

vii.  356 
di-iodo-salicylate,  v.  210 
di-thlo-salicylate,  vii.  9,  358 
ethylate,  as  a  caustic,  11.  758 
fluoride,  iv.  786 
hydrate,  vii.  256 

poisoning  by,  v.  844 
hydroxide,  vii,  356 

poisoning  by,  v.  844 
hypophosphite,  iv,  824 
hyposulphite,  vii.  558 

antidotal  action  of,  i.  373 
germicidal  action  of,  iv.  336 
iodide,  V.  303 
iodo-albuminatum,  Hi.  730 
in  the  urine,  viii.  55 
nitrate,  vii.  358 
nitrite,  vi.  391 
oleate,  iv.  16;  vii.  358 
para-fluoro-benzoate,  vii.  358 
persulphate,  vi.  574;  vii.  258 
phosphate,  vii.  358 

as  a  cholagogue,  iii.  31 

as  a  purgative,  vi.  811 

phosphates  and  carbonates,  alka- 

linit}'  of  blood  due  to,  11.  24 
properties  of  the  compounds  of, 

vii.  256 
pyroborate,  vil.  357 
pyrophosphate,  normal,  vli.  258 
salicylate,  vii.  8 

as  a  cholagogue,  ill.  39 
salts  as  cholagogues,  iii.  39 
sulphate,  vii.  357 

as  a  cholagogue,  iii.  31 
as  an  antidote,  1.  378 
normal,  vii  257 
sulphite,  vii.  558 

as  a  germicide,  iv.  336 
normal,  vil.  558 
sulphocaffeate,  vl.  149 
sulphocarbolate,  vii.  558 
sulphoricinate,  vi.  731 
tellurate,  vii.  663 
tetraborate,  vii.  257 
thiophensulphonate.  vii.  741 
thiosulphate,  vii.  558 
Sodomy,  signs  of,  vi.  849 
Softening  of  the  brain,  ii.  395 
diagnosed  from  brain  tumor,  11. 
450 
Soil,  a  means  of  spreading  cholera, 
viii.  859 
bacteriological   examination  of, 

viii.  403 
character  of,  for  houses,  Iv.  751 
influence   of,   on  dysentery,  iii. 
566 
upon  climate,  iii.  140 
in  relation  to  health,  vii.  258 
of  house,  examination  of,  iv.  768 
relation  of  absorption  and  radia- 
tion of  heat  in  various  kinds 
of,  ill.  140 
Soil  pipes,  ventilation  of,  iv.  764 
' '  Solace,"  ambulance  ship,  vi.  186 
SolanacesB,  vi.  099 ;  and  see  Bitter- 
sweet 
poisonous,  1.  610 

plants  of,  vi.  694 
Solanin,  i.  763 
Solanine,  i.  763 

effect  of,  upon  body  tempera- 
ture, ii.  571 
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Solanum  dulcamara,  i.  763;  vi.  699 

nigrum,  vi.  699 
Solar  ganglion,  vii.  578 

plexus,  vii.  578 
Soldiers,  diseases  of,  ii.  573 
weight  of,  iv.  420 

to  be  carried  by,  v.  797 
Soldier's  heart,  iv.  613 
Soleus  muscle,  v.  480 
anomalies  of,  vi.  58 
Solifugae,  v.  160 

Solis-Cohen's   apparatus  for   in- 
haling compressed  air  and  exhaling 
into  rarefied  air,  i.  132 
Soluble  silver,  vii.  216 
Solution,  a  form  of  medicine,  v.  738 
compound,  of  iodine,  v.  205 
Donovan's,  i.  524 
Fowler's,  i.  534 
Labarraque's,  ill.  6 
Lugol's,  V.  305 
Magendie's,  v.  864 
Monsel's,  v.  228 
flormal,  ii.  43,  68 
of  acetate  of  ammonium,  i.  216 

of  iron,  v.  225 
of  arsenate  of  sodium,  i.  524 
of  arsenious  acid,  i.  524 
of  arsenite  of  potassium,  i.  524 
of  chlorinated  soda,  iii.  6 
of  citrate  of  iron,  v.  326 
of  magnesium,  v.  673 
of  potassium,  vi.  744 
of  hydrogen  dioxide,  iv.  786 
of  iodide  of  arsenic  and  mercury, 

i.  534 
of  iron,  v.  327 
of  nitrate  of  iron,  v.  228 

of  mercury,  v.  754 
of  persulphate  of  iron,  v.  228 
of  phosphorus,  vi.  621 
of  potassa,  vi.  743 
of  soda,  vii.  2.56 
of  subacetate  of  lead,  v.  471 
of  subsulphate  of  iron,  v.  328 
of  sulphate  of  iron,  v.  238 

of  morphine,  v.  864 
of  zinc,  viii.  339 
physiological,  ii.  43 
preparation  of,  for  hypodermatic 

use,  iv.  831 
Thompson's,  vi.  621 
Solutions,  hyperisotonic,  viii.  417 
hypertonic,  viii.  417 
hypotonic,  viii.  417 
Isotonic,  viii.  417 
Solveol,  vii.  261 
Solvin,  vi.  731 
Somatology,  witness  of,  to  man's 

ancestry,  iv.  38 
Somnal,  vii.  261 
Somnambulism,  iii.  261 
catalepsy  with,  ii.  718 
Induced  by  hypnosis,  iv.  812 
Somnolence,  accompanied  by  sleep- 
lessness, iii.  560 
forms  of,  iii.  560 
Soor,  viii.  580 
Sophora,  vi.  703 

coralloidcs,  vi.  703 
Sopor,  iii.  561 
Sore,  Kandahar,  i.  170 
Natal,  i.  170 
Pendjeh,  i.  170 
Sahara,  i.  170 
Sore  throat,  v.  410 ;  and  see  Pharyn- 


aphthous,  vi.  591 


Sore  throat,  clergyman's,  see  Pha- 
ryngitis, chronic  follicular 
common  membranous,  vi.  591 
hospital,  vi.  593 
Sorghum  sugar,  vii.  548 
Soroche,  i.  150 
Sorrel,  vi.  706 
field,  vi.,  706 
salt  of,  vi.  453 
sheep,  vi.  706 
wood,  vi.  706 
Soudan  coffee,  see  Kola  nut 
Souffle,  funic,  iv.  343 

uterine,  iv.  343 
Sound  or  sounds,  as  an  aid  in  the 
judgment  of  direction,  iii.  493 
bell,  ii.  818 
cracked-pot,  ii.  816 
curved  steel,  viii.  21 
direction  of,  i.  624 
distance  of,  i.  634 
friction,  ii.  819 
harmonic,  i.  613 
interference  with,  i.  614 
of  the  heart,  iii.  106 
physics  of,  i.  611 
quality  of,  i.  613 

origin  of,  i.  613 
range  of  pitch  of  audible,  i.  612 
respiratory,  cause  of,  ii.  817 
sensation  of,  i.  613 
uterine,  iv.  465 
vibrations,  i.  611 
waves,  i.  611 
Sour  Spring,  i.  330 
South  America,  history  of  yellow 

fever  in,  viii.  585 
South  Carolina,  history  of  yellow 
fever  in,  viii.  587 
requirements  for  medical  prac- 
tice in,  iv.  48 
South    Dakota,    requirements    for 

medical  practice  in,  iv.  48 
South  Dakota  Hot  Springs,  vii. 

261 
Southern  pines,  vi.  636 
Sozins,  iii.  844 
Sozoiodol,  vii.  263 
Sozol,  vii.  263 
Sozolic  acid,  i.  570 
Space,  epidural,  ii.  211 
parasinusal,  ii.  263 
Spain,  Pharmacopoeia  in,  vi.  585 
'Spanish  fly,  ii.  651 ;  v.  166 

plaster  of,  ii.  15 
Spar,  heavy,  i.  734 
Sparkling  Catawba  Springs,  vii. 

363 
Sparta  Mineral  Wells,  vii.  362 
Sparteine,  ii.  498 

as  cardiac  stimulant,  ii.  703 

Spasmodic  disorders,  table  of,  iii. 

2^5  .  '  > 

Spasmotoxin,  ptomain,  vi.  790 
~  ,  see  Vonvvlsions 

articulatory,  iv.  833 

in  brain  tumors,  ii.  489 

laryngeal,  v.  438 

lingual,  iv.  833 

masticatory,  iv.  833 

meaning  of  the  term,  iii.  375 

of  the  cardia  of  the  stomach  vii 
502 

of  the  constrictors  of  the  pha- 
rynx, vi.  605 

of  the  diaphragm,  iii.  436 

of  tlie  glottis,  V.  439 

of  the  hand,  iv.  531 


Spasms  of  the  pylorus,  vii.  503 
Spatula,  for  histological  work,  iv. 
716 
Roux',  viii.  386 
Spearmint,  vii.  363 
Species,  in  heredity,  iv.  659 
Specific-gravity  method  of  esti- 
mating haemoglobin,  ii.  59 
Specific  ulcers,  vii.  944,  947 
Spectacles,  vii.  263 
Spectometry  of  blood,  ii.  77 
Spectroscopy,  medical,  vii.  272 
Spectrum,  vii.  273 

of  blood,  ii.  76,  77 
Spectrum    analysis  of  blood 

stains,  ii.  76 
Speculum,  cystoscopic,  i.  779 
ear,  iii.  663 
gynecological,  iv.  463 
nasal,  vi.  107 
Speech,   v.   451 ;   and  see  Larynx, 
physiology  of 
area  of,  i.  411 
centres  for,  i.  411 
defects  of,  V.  456;  and  see  Stam- 
mering and  stuttering 
disorders  of,  in  cerebral  tumors, 

ii.  445 
in  feeble-minded  children,  v.  148 
physiology  of,  v.  453 
Spence's  method  of  amputation  at 

shoulder,  i.  354 
Spermaceti,  vii.  377 
Spermatic  artery,  anomalies  of,  i. 

533 
Spermatic  colic,  vii.  193 
Spermatic  cord,  hydrocele  of,  vii. 
187 
structure  of,  iv.  336 
tumors  of,  vii.  190 
Spermatic  plexus,  vii.  578 
Spermatic  veins,  anomalies  of,  viii. 

306 
Spermatids,  iv.  336;  vi.  865 
Spermatocele,  iii.  351;  vii.  187 
Spermatocyte,  iv.  335 ;  vi.  865 ;  vii. 

380 
Spermatogenesis,  iv.  335;  vii.  380 
Spermatogone,  iv.  325 
Spermatogonia,  vi.  865;  vii.  279 
Spermatorrhoea,  vii.  192 
Spermatozoa,  iv.  326;  vii.  277 
embryology  of,  vi.  865 
entrance  of,  into  the  ovum,  iv. 

847 
histogenesis,  vii.  280 
historical,  vii.  277 
in  the  urine,  viii.  57 
morphology,  vii.  379 
structure  and   development  of. 

vii.  379 
varieties  of,  in  different  species, 
vii.  379 
Spermin,  ptomain,  vi.  786 
Sperm  nucleus,  formation  of,  iv. 

847 
Sphacelia  segetum,  iv.  1 
Sphacelinic  acid,  iv.  3 
Sphacelium,  iv.  1 
Sphacelotoxin,  iv.  2 
Sphseriales,  iv.  280 
Sphecius  speciosus,  v.  167 
Sphenoidal  sinus,  vi.  106;  vii.  336 

diseases  of,  vi.  147 
Sphenopharyngeus    muscle,    vL 

47 
Spherical  aberration,  iv.  84,  91 
Spherospermia,  vii.  277 
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Sphex  ichneumonea,  v.  168 

pennslyvanica,  v.  168 
Sphincter  ani,  anomalies,  vi.  61 

spasm  of,  i.  405 
Sphincter  pupillse,  iv.  75 
Sptygmograms,  vi.   779;  vii.  283; 

and  see  Pulse  and  Pulse  tracings 
Sphygmograph,  vi.  803 

Dudgeon's,  vii.  284 

Marey's,  vii.  283 

Richardson's,  vii.  284 
Sphygmography,  vii.  288 

combined,  vii.  385 

direct,  vii.  283 

indirect,  vii.  284 
Sphygmomanometer,   v.  Basch's, 
vi.  803 

Bishop's,  viii.  375 

Janevv'ay's,  viii.  375 

Mosso's,  iii.  98 
Sphygmometer  of   Hill  and  Bar- 
nard, vi.  803 
Spica  bandage,  i.  728 
Spices,  adulteration  of,  iv.  183 
Spider  cancer,  vi.  90 

cells,  vi.  288 

nsBvus,  vi.  90 
Spiders,  i.  428 ;  v.  159 

bird,  V.  159 

bite  of,  i.  428 

poisonous,  V.  159 

scorpion,  v.  159 

tarantula,  v.  159 

•wolf,  V.  159 
Spigelia,  vi.  636 

anthelmia,  vi.  637 

marilandica,  vi,  686 

used  for  round-worm,  i.  363 
Spigeline,  vi.  637 
Spike  oil,  V.  468 
Spina  bifida,  vii.  285,  695 

aspiration  in,  i.  581 

cystica,  vii.  696 

differential  diagnosis  of  varieties 
of,  vii.  289 

genesis  of,  vii.  697 

kyphosis  in,  v.  377 

natural  history  of,  vii.  389 

occulta,  vii.  291,  697,  720 

pathology,  vii.  285 

treatment,  vii.  390 

with  talipes,  iv.  383 
Spinal  accessory  nerve,    surface 

markings,  vi.  191 
Spinal  anaesthesia,  vii.  291,  845 
Spinal  apoplexy,  vii.  349 
Spinal  ataxia,  vii.  346 
Spinal  bath,  iii.  193 
Spinal   canal,   defects    caused   by 

imperfect  closure  of,  vii.  695 
Spinal  cocainization  and  lumbar 

puncture,  vii.  291 
Spinal  column,  anatomy  of,  v.  377 

curves  of,  v.  377 
Spinal  cord,  vii.  293 

anterior  funiculus,  vii.  805 
roots,  vii.  304 

arteries  of,  vii.  399 

blood  supply  of,  vii.  399 

Cauda  equina,  vii.  301 

central  canal,  vii.  303 

motor  neurones,  vii.  338 
sensory  neurone  system,  vii. 
320 

cerebellospinal  neurone  system, 
vii.  326 

cerebrospinal    motor  neurones, 
vii.  323 


Solannm. 
Spine. 


Spinal    cord,   centrifugal    neurone 
system,  vii.  323 
centripetal  paths  in,  vii.  817 
columna  grisea  anterior,  vii.  307 
grisea  lateralis  seu  interine- 

diolateralis,  vii.  811 
grisea  posterior,  vii.  309 
intermedia,  vii.  311 
commissura    centralis    anterior, 

vii.  312 
conduction  method  of  Flechsig, 
vii.  813 
method  of  Golgi,  vii.  812 
method  of  Gotcli  and  Hors- 

ley,  vii.  317 
method  of  von  Gudden,  vii. 

816 
method  of  Waller  or  Turck, 

vii.  315 
paths  of,  vii.  312 
"W  e  i  g  e  r  t's    myelin-sheath 
method,  vii.  312 
coverings  of,  vii.  298 
examination  of,  in  autopsies,  ii. 

658 
functions  of  the  segments  of,  vii. 
338 
localization  of,  vii.  340 
general  description  of  the,  ma- 
croscopic appearances,  vii. 
398 
sensory  paths  in,  vii.  317 
growth  changes  in,  ii.  314 
in  medico-legal  autopsy,  i.  659 
in  the  cervical  vertebrae,  vi.  200 
lateral  funiculus  of,  vii.  305 
length  of,  vii.  301 
lesions  of,  a  cause  of  hemiplegia, 

iv.  683 
limits  of,  vii.  800 
macroscopical  details  of,  vii.  800 
mesencephalospinal  neurone  sys- 
tems, vii.  325 
methods  for  localization  of  con- 
duction paths,  vii.  812 
microscopic  anatomy,  vii.  804 
myelencephalospinal  neurone 

system,  vii.  326 
olivospinal  neurone  system,  vii. 

326 
peripheral  sensory  neurone  sys- 
tems, vii.  317 
pontospinal  neurone  system,  vii. 

326 
portions  involved  in  knee-jerk, 

V.  366 
posterior  funiculus,  vii.  306 

roots,  vii.  304 
relations  of  gray  and  white  mat- 
ter-, vii.  302 
of  segments  of,  to  spinous 
processes,  vii.  301 
retrospinal  neurone  system,  vii. 

325 
sclerosis  of,  vi.  498 
section    of,   influence  on    knee- 
jerk,  V.  366 
in  new-born,  vi.  275 
sensory  or  centripetal  isaths,  vii. 

317 
softening  of,  vi.  498 
spinopetal  neurone  system,  not 

pyramidal,  vii.  325 
substantia  grisea  centralis,  vii. 

311 
thalamospinal  neurone  system, 

vii.  335 
veins  of,  vii.  300 


Spinal   cord,   vestibulospinal   neu- 
rone systems,  vii.  826 
weight  of,  vii.  301 

at  different  ages,  ii.  317 
Spinal  cord,  diseases  of,  a  cause  of 
headache,  iv.  553 
acute  and  chronic  myelitis,  vii. 
358 
anterior    poliomyelitis,   vii. 

361 
ascending  paralysis,  vii.  337 
cerebrospinal  fever,  vii.  339 
cerebro-spinal      meningitis, 

vii.  339 
external  meningitis,  vii.  833 
purulent      leptomeningitis, 

vii.  839 
secondary    leptomeningitis, 

vii.  332 
spinal  meningitis,  vii.  339 
amyotropic  lateral  sclerosis,  vii. 

351 
cervical     hypertrophic    pachy- 
meningitis, vii.  333 
chronic  spinal   meningitis,   vii. 

334 
combined  degenerations,  vii.  335 
dorsal  and  lateral  systemic 

disease,  vii.  387 
sclerosis,  vii.  835 
systemic  disease,  vii.  337 
congestion  of,  vii,  337 
diagnosis  of  local  lesions  of,  vii. 

338 
diffuse  degeneration,  vii.  335 
disturbances  of  spinal  reflex,  vii. 

346 
electrotherapeutics  in,  iii.  760 
epidemic  cerebro-spinal  menin- 
gitis, vii,  839 
Friedreich's  ataxia,  vii.  347 
Gowers'  ataxic  isaraplegia,  vii. 

387 
hemorrhage  in,  vii.  849 
hereditary  ataxia,  vii.  347 
Landry's  paralysis,  vii.  337 
lateral  sclerosis,  vii.  350 
meningeal  hemorrhage,  vii.  353 
meningitis,  syphilitic,  vii.  335 
myelitis,  vii.  858 
poliomyelitis  anterior,  vii.  861 
spinal  hemiplegia,  vii.  373 
subacute    combined     degenera- 
tion, vii.  335 
spinal  ataxia,  vii.  885 
symptoms  leading  to  the  diag- 
nosis of  local  lesions  in  the, 
vii.  344 
syringomyelia,  vii,  878 
tabes,  vii.  378 

tuberculous  meningitis,  vii.  383 
tumors,  vii.  382 

character  of,  vii.  384 
Spinal  irritation,  see  Neurasthenia 
Spinalis   cervicis  muscle,  anom- 
alies of,  vi.  60 
Spinalis  dorsi  muscle,  anomalies 

of,  vi.  60 
Spinal  nerves,  vii.  394 

composition  of  typical,  iii.  813 
Spinal  paralysis,  vii.  344 
Spinal     progressive  muscular 

atrophies,  vi.  64 
Spindle,  aortic,  i.  407 
Spindle-cell  sarcoma,  vii.  33 
Spindle  tree,  viii.  273 
Spine,  acute   osteomyelitis  of,  vii. 
388 
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Spine,  adolescent  kyphosis  of,  vii. 
389 

cells,  iii.  854 

cervical  ai'tliritis  of,  vii.  388 

changes  in  nails  in  diseases  of, 
vi.  96 

curvature  of,  anterior,  v.  571 

deformities  of,  ii.  804 

dislocations  of,  iii.  512 

causing  kyphosis,  v.  377 

fracture  of,  causing  kyphosis,  v. 
377 

gonorrhcBal  arthritis  of,  vii.  388 

gunshot  wounds  of,  iv.  451 

hysterical  spine,  vii.  389 

lateral  curvature  of,  v.  456 ;  and 
see  Scoliosis 
deviation,  v.  457 
rotation  of,  v.  457 

malignant,  vii.  387 

meningocele  of,  vii.  287 

neurotic  spine,  vii.  389 

osteo-arthritis  of,  vi.  247 

rachitic,  vii.  388 

spondylitis  deformans,  vii.  388 

spondylolisthesis,  vii.  390 

surgery  of,  vii.  390 

syphilis,  vii.  387 

torsions  of,  causing  kyphosis,  v. 
377 

traumatic  spondylitis,  vii.  388 

traumatism  of,  vii.  388 

tuberculous  disease  of,  vii.  394 

"typhoid,"  vii.  388 
Spiraea,  vi.  1000 
Spiral  bandage,  i.  727 
Spireme,  iii.  72 
Spirillum,  i.  681 

cheese,  i.  716 

cholera,  i.  714;  viii.  368 

biological    characters,    viii. 

365 
morphology,  viii.  364 

Finkler-Prior's,  i.  719 

Metschnikov's,  i.  717 

of  relapsing  fever,  i.  717 ;  vi.  885 
Spirit,  a  form  of  medicine,  v.  738 

aromatic,  of  ammonia,  i.  215 

Columbian,  v.  781 

compound,  of  captol,  ii.  654 
of  ether,  i.  361 ;  iv.  13 

methylated,  i.  168 

of  ammonia,  i.  215 

of  chloroform,  iii.  8 

of  cinnamon,  iii.  95 

of  etlier,  iv.  13 

of  gaultheria.  viii.  313 

of  glonoin,  vi.  293 

of  juniper,  v.  299 

of  lavender,  v.  468 

of  lemon,  v.  483 

of  Mindererus,  i.  216 

of  nitrous  ether,  vi.  290 

of  orange  peel,  vi.  398 

of  peppermint,  vi.  554 

of  phosphorus,  vi.  621 

of  spearmint,  vii.  263 

of  turpentine,  vii.  913 

oil,  i.  169 

pyoracetic,  i.  65 

pyroligneous,  v.  780 

pyroxylic,  v.  780 

rectified,  of  turpentine,  vii.  913 

sweet,  of  nitre,  vi.  290 

wood,  V.  780 
Spirits,  as  beverages  for  soldiers,  v. 

806 
Spirituous  liquors,  distilled,  i.  169 
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Spiritus  frumenti,  i.  167 
myrcia3,  i.  737 
odoratus,  i.  747 
vini  gallici,  i.  167 
Spirocheete,  i.  681 ;  viii.  646 

Obermeieri,  vi.  885;  viii.  646 
Spiroschaudinnia,  viii.  646 
Splanchnic  nerves,  vii.  577 
Splanchnoptosis,  viii.  486 
Splay  foot,  iv.  198 
Spleen,  vii.  410 

abnormalities  of,  vii.  425 
abnormal  placement  of,  vii.  425 
abscess  of,  vii.  427,  429 
amyloid,  i.  32 

degeneration  of,  i.  370 
anatomy  of,  i.  14;  vii.  429 
arteries  of,  vii.  414 
capsule,  structure  of,  vii.  410 
condition  of  the,  in  diphtheria, 

iii.  484 
cysts  of,  iii.  350 ;  vii.  430 
diseases  of,  vii.  424 
echinococcus  cysts  in,  i.  32 
enlarged,  acute,  i.  31 
clironic,  i,  31 

diagnosed  from  renal  tumor, 
V.  328 
experiments  on   the  circulation 

through  the,  vii.  422 
extirpation    of,   results    of,  vi. 

414;  vii.  429 
extract  of,  injection  of,  vi.  414 

therapeutics  of,  vi.  414 
framework  of,  vii.  410 
haematopoietic  function  of,    vi. 

413 
hyperplasia,  acute,  of,  vii.  425 

chronic,  of,  vii.  426 
infarcts  of,  vii.  437 
in  Hodgkin's  disease,  iv.  729 
injuries  of,  i.  17 

in  leuksemia,  v.  499,  503 ;  vii.  430 
lobjle  of,  vii.  417 

iirteries  within,  vii.  419 
lymphatics  of,  v.  638 
malformations  of,  vii.  705 
movable,  vii.  435,  430 
nerves  of,  vii.  484 
passive  congestion  of,  i.  32 
pulp  of,  vii.  424 

cords  of,  vii.  417 
cords,  reticulum  of,  vii.  419 
reticulum  of,  vii.  413 
rupture  of,  vii.  436 
seat    of    formation  of   erythro- 
cytes, ii.  18 
surgical  affections  of,  vii.  429 
syphilitic  lesions  of,  vii.  634 
topography  of,  ii.  814 
trabeculas,    structure     and     ar- 
rangement of,  vii.  411 
tumors  of,  i.  31 ;  vii.  438;  430 
veins  of,  vii.  415 
wandering,  i.  32;  vii.  435,  430 
Splenectomy,  effects  of,  vi.  414 ;  vii. 

429 
Splenic  ansemia,  vii.  428 
Splenic  extract,  injection  of,  vi. 
414 
therapeutics  of,  vi.  414 
Splenic  fever,  i.  363 
Splenic  tumor,  vii.  425 
Splenitis,  acute,  vii.  425 
Splenius  accessolrius  muscle,  vi. 

60 
Splenius  muscle,  anomalies  of,  vi. 
60 


Splenolymph  gland,  iv.  469;  and 

see  Hmmolymph  gland 
Splints,  iii.  556;  and  see  Dressings, 


adhesive  plaster,  iv.  254 
board,  iv.  254 
coaptation,  iv.  266 
distraction,  v.  281 
Esmarch's  double-inclined  plane, 

iv.  256 
felt,  iii.  557 

for  traction  on  the  knee,  v.  387 
gutta-percha,  iv.  456 
Hodgen's,  iv.  265 
Hammond's  wire,  v.  353 
interdental,  v.  253 
leather,  iii.  557 
liquid  glass,  iv.  255 
mechanical,  iv.  255 
metallic,  iii.  556 
moulded,  iv.  254 
plaster-of-Paris,    to    make,   Iv. 

354 
protection,  v.  382 
side,  iv.  266 
silicate  of  soda,  v.  355 
Smith's  anterior,  iv.  357 
Thomas,  v.  378 
tin,  iii.  556 
traction,  V.  380 
Volkmann's,  iv.  355 
wood,  iii.  556 
Spondylitis  deformans,  vii.  388 
rhizomelia,  vi.  970 
traumatica,  vii.  388 
Spondylolisthesis,  see  Spine,  dis- 
eases of 
Sponges,  vii.  430 

carbonized,  vii.  430 
grass,  vii.  430 
Levant,  vii.  430 
Mediterranean  bath,  vii.  -430 
preparation  of,  i.  567 ;  iii.  555 
reef,  vii.  430 
shcepswool,  vii.  430 
sterilization  of,  i.  567 
Turkey,  vii.  430 
velvet,  vii.  430 
Zimocca,  vii.  430 
Sponge  tents,  vii.  430 
Spongia  usta,  vii.  430 
Spongioplasm,  ii.  761 
Spontaneous  combustion,  ii.  523 
Spoon-nails,  vi.  93 
Spores,  i.  681 

methods  of  staining,  viii.  437 
Sporozoa,  viii.  636 
Spots,  germinal,  vi.  448 
of  Sommering,  iv.  77 
post-mortem,  ii.  536 
yellow,  iv.  77 
Spotted  fever,  vii.  930 ;  viii.  697 
Sprague's  rubber  bag,  iii.  595  > 
Sprains,  i.  465 ;  v.  389 
ballet-dancers',  iii.  374 
diagnosis,  v.  390 
fracture,  v.  290 
massage  for,  v   698 
of  the  spine,  vii.  393 
pathology,  v.  290 
prognosis,  v.  291 
sequelae,  v.  291 
symptoms,  v  290 
treatment,  iii.  274;  v.  390 
Spray,  v.  734 

atomized,  v.  733 
douche,  iii.  194 
Sprengel's  disease,  ii.  806 


GENERAL  INDEX. 


Spine. 

Sterno-occlpltal  muscle. 


Sprengel's  method  of  resection  of 

hip,  vl.  941 
Spring  Lake  Well,  vii.  431 
Spunk,  i.  138 ;  vii.  481 
Spur,  bronchial,  v.  577 

of  trachea,  v.  576 
(Spurge  family,  iv.  17 

poisonous,  vl.  705 
Spurred  rye,  Iv.  1 
Sputum,  vll.  431 

parasites  in,  vi.  501 
Squamous  epithelium,  HI.  854 
Squaw  root,  iii.  191 
Squill,  vii.  434 

action  of,  upon  the  heart,  11.  708 
as  a  diuretic,  Hi.  548 
as  an  expectorant,  Iv.  50 
compared  virith  digitalis,  11.  703 
Squint,  vll.  530 

paralytic,  vii.  582 
St.  Lieonards,  England,  see  Hast- 
ings and  St.  Leonards 
St.  Regis  Spring,  v.  699 
St.  Vitus'   dance,  HI.  41 ;  and  see 

Clwrea 
Stab  cultures,  vlii.  438 
Stachys  'betonica,  1.  751 
Stacke's   mastoid    operation,   v. 

709,  713 
Stafford  Mineral  Spring,  vll.  484 
Stafford  Springs,  vll.  485 
Stage,  mechanical,  11.  66 
Stagger  hush,  vl.  707 
Staining,  double,  iv.  731 

jar  for  serial  sections,  Iv.  717 

metallic,  iv.  721 

methods  of,  Iv.  718 

for  nerve  tissues,  11.  335 

of  bacteria,  vlll.  435 

of  blood,  ii.  61 

reaction  of  blood  corpuscles,  11. 

67 
special,  Iv.  721 
Stains,  Gram's,  vni.  437 

used  In  microscopical  technique, 
li.  65 
Stammering  and  stuttering,  vll. 
435 
physiology  of,  v.  456 
Stamp-liokers'  tongue,  vi.  331 
Standardization  of   media,   vlll. 

418 
Stannous  chloride  as  a  germicide, 

iv.  336 
Stapedectomy,  Hi.  673 
Stapedius  muscle,  1.  619 
Stapes,  1.  617;  in.  586 
Staphisagria,  vll.  454 
Staphisagrine,  vii.  454 
Staphylococcus,  1.  680 
pyogenes  albus,  1.  705 
aureus,  1.  709,  704 
aureus,  effect  of,  upon  body 

temperature,  li.  570,  571 
cltreus,  i.  705 
epldermldis  albus,  1.  705 
In  dissection  and  operation 

wounds.  Hi.  530 
in  phlegmons,  vl.  611 
tetragenus,  1.  705 
Staphyloma  of  the  cornea,  ill.  383 

of  the  sclera,  vll.  75 
Staphylorrhaphy,  Hi.  134,  135 
Starch,  vn.  439  ...    ,« 

action  of  ptyahn  upon,  m.  471 
arrowroot,  1.  533;  vH.  440 
as  an  antidote,  i.  373 
corn,  vii.  440 


Starch,  general  description  of,  vll. 
439 
glycerlte  of,  vii.  441 
in  milk,  detection  of,  v.  840 
Iodized,  v.  205;  vH.  441 
maize,  vH.  440 
maranta,  1.  533 
medical  and  surgical  uses  of,  vii. 

440 
potato,  vii.  440 
rice,  vii.  440 
sago,  vll.  440 
tapioca,  vll.  440 
varieties  of,  vii.  440 
wheat,  vll.  440 
Star  grass,  1.  170 
Stark  Mineral  Spring,  vH.  441 
Starvation,  vii.  441 

as  a  therapeutic  measure,  Hi.  42 
body  temperature    during,   vii. 

443 
changes  in  tissues  during,  v.  768 
circulation  during,  vll.  442 
clinical  observations  during,  vii. 

444 
death  from,  1.  674 
dietetic  treatment  after,  vii.  445 
duration  of  life  during,  vii.  443 
faeces  during,  vii.  443 
from  fluids,  but  not  from  solids, 

vii.  443 
from  solids,  but  not  from  fluids, 

vll.  443 
loss  of  weight  during,  v.  768; 

vii.  441 
nitrogen  output  during,  v.  768 
respiration  during,  vii.  443 
treatment,  vll.  445 
urinary  secretion  during,  vi.  442 
Star  wort,  mealy,  i.  170 
Stasis,  see  Circulation,  pathology  of 
State  medicine  and  insanity,  v. 

71 
Static  tarasiliensis,  1.  737 
Static  electricity,  ill.  756 

in  Insanity,  v.  78 
Static  machines,  iii.  758 ;  vi.  983 
Statistics,  vital,  vlii.  246 
Status  epilepticus,  ill.  847 
Status  lymphaticus,  vii.  446 
-association  with  other  diseases, 

vii.  451 
cardiac  and  arterial  hypoplasia, 

vii.  447 
clinical  manifestations,  vii.  448 
death  from  trivial  surgical  and 
medical    procedures,    vll. 
449 
in  water  from,  vii.  450 
definition,  vii.  446 
diagnosis,  vii.  451 
epilepsy,  vU.  449 
etiology,  vll.  453 
history,  vii.  446 
idiopathic  tetany  of  infancy,  vii. 

449 
infantile  eclampsia,  vii.  449 
lymphadenoid  hyperplasia,  vH. 

447 
lowered   resistance  to  infection 

in,  vii.  450 
morbid  anatomy,  vii.  446 
rachitic  bone  changes,  vn.  447 
relationship  to  associated  clinical 

manifestations,  vii.  452 
sudden  death  in,  vH.  450 
synonyms,  vu.  446 
treatment,  vii.  453 


Stavesacre,  vii.  454 
Steam,  as  a  disinfectant.  Hi.  499 
disinfecting    chamber,   ill.   500; 
vi.  823 
Steamboat  Springs,  vii.  454 
Steam  heating  for  houses,  Iv.  760 
Steapsin,  Hi.  474;  vi.  463 

action  of,  iii.  474;  vi.  480 
Steatadenoma,  1.  115 
Steatoma,  vii.  455;  vlii.  567 
Steel  dust,  effects  of  inhaling,  vi. 

334 
Steel  workers,  health  of,  vl.  334 
Steeple  bush,  vi.  1000 
Stegomyia,  v.  867 
fasciata,  v,  868 

in  etiology  of  yellow  fever, 
viii.  330 
Stem  pessaries,  viii.  83 
Stenopseic  apparatus,  1.  594 
Stenosis,  acquhed,  of  canal  of  cer- 
vix uteri,  viii.  68 
aortic,  ii.  834 
mitral,  11.  824 
of  the  colon,  iii.  202 
of  the  larynx,  v.  437,  441 
of  the  oesophagus,  vl.  338,  346 
of  the  pharynx,  vi.  600 
of  the  ureter,  viii.  11 
of  the  vagina,  viii.  156 
of  the  veins,  viii.  215 
pulmonary,  ii.  825 
pyloric,  vii!  519 
tricuspid,  11.  824 
Stenson's  duct,  injuries  to,  vi.  510 
Stephanion,  vii.  339 
Sterculia,  H.  546 
Stere,  viii.  399 
Steriform  chloride,  iv.  346 

iodide,  iv.  346 
Sterility  due  to  ir-rays,  vHl.  669 
in  consanguineous  marriages,  iiL 

357 
In  the  female,  vll.  455 
causation,  vll.  455 
treatment,  vii.  457 
in  the  male,  vH.  193 
etiology,  vii.  193 
symptoms,  vll.  198 
treatment,  vii.  139 
Sterilization,  viii.  419 

fractional,  i.  686;  viii.  419 
methods  of,  viH.  419 
of  gloves,  Iv.  373 
of  milk,  V.  839 
Sterilizer,  Arnold's  steam,  vni.  430 
Koch's  dry-heat,  vlH.  419 
steam,  viii.  420 
Novy's  steam,  vni.  421 
Sternalis   brutorum  muscle,   vi. 

49 
Sternalis  muscle,  anomalies  of,  vi. 

49 
Sternal   lymphatic   glands   and 

plexus,  V.  644 
Sterno  -  chondro  -  scapular  mus- 
cle, vi.  50 
Sterno-clavicular  joint,   diseases 

of,  V.  277 
Sterno-cleido-mastoideus,  anom- 
alies of,  vl.  44 
h£ematoma  of,  in  the  new-born, 
vi.  377 
Sterno-fascialis  muscle,  vi.  45 
Sterno-hyoideus,  anomalies  of,  vi. 

44 
Sterno-mastoid  muscle,  vi.  44 
Sterno-occipital  muscle,  vl.  44 
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Sternopagus,  vii.  686 
Sterno-scapularis,  vi.  50 
Sterno-thyroideus,  v.  409 

anomalies  of,  vi.  45 
Sternum,  deformities  of,  ii.  805 
dislocations  of,  iii.  513 
fractures  of,  iv.  !J69 
osteomyelitis  of,  vii.  754 
Sternutatories,  vii.  457 
Stethograph.,  vl.  951 
Stethometer,  vi.  951 
Stethoscopes,  vii.  458 
construction  of,  vii.  460 
historical  sketch,  vii.  458 
value  of,  vii.  460 
Steward,  hospital,  i.  483 
duties  of,  i.  483 
quallflcations  for,  i.  483 
Stewart's    cover-glass    forceps, 

viii.  395 
Stiff  joint,  i.  359;  and  see  Ankylosis 
Stigmata,  bleeding,  iv.  466 
Stigmata  maidis,  iii.  291 
Stigmata  of  insanity,  v.  51 
Still-births,  ii.  533;  viii.  248 
Stiller's  sign,  viii.  489 
Stillicidium  lacrimarum,  v.  395 
Stillingia,  vii.  461 

sylvatica,  vii.  461 
Stimson's   method    of   reducing 
dislocation  of  hip,  iii.  513 
of  shoulder,  iii.  511 
Stimulants,  cardiac,  ii.  693 
cold  as,  iii.  193 
heat  as,  iv.  634 
in  infantile  diarrhcea,  Iii.  448 
in  insanity,  v.  72 
Stimulation  of  nerves,  vi.  237 
Stimulation,  threshold,  v.  233 
Stimuli,  ii.  762 
Stimulus,  V.  232 
Stink  weed,  vii.  534 
Stirrup,  iii.  586 ;  and  see  Stapes 
Stitch  in  the  side,  iii.  313 
Stockings  for  soldiers,  v.  795 
Stoddart's  medium,  viii.  414 
Stolz's  operation  for  vesico-vaginal 

cystocele,  viii.  159 
Stomacace,  viii.  580 
Stomach,  vii.  461 

action  of  an ti  pyrin  on,  i.  380 
adenomata  of,  i.  113 
anatomy  of,  i.  13 
atony  of,  vii.  497 
blood-vessels  of,  vii.  469 
cancer  of,  i.  29;  il.  636;  vii.  488, 

513 
carcinoma  ventriculi,  vii.  513 
changes  occurring  in  chyme  in, 

iii.  83 
diet  in  affections  of,  iii.  456 
dilatation  of,  i.  30 
diseases  of,  vii.  488 
displacements  of,  vii.  523 
examination  of  contents  of,  vii. 
490 
of  functions  of,  vii.  489 
foreign  bodies  in,  vii.  522 
functions  of,  iii.  472 
glands  of,  vii.  463 
histology  of,  vii.  461 
hypersecretion  in,  vii.  501 
inflammation  of,   vii.   505;  and 

see  Oaatritis 
lipoma  of,  vii.  531 
lymphatics  of,  v.  637,  638 
malformations  of,  vii.  703 
measurements  of,  viii.  239 


Stomach,  medication  of,  v.  734 
methods  of  examining,  vii.  488 
motor  insufficiency  of,  vii.  497 

neuroses  of,  vii.  503 
movements  of,  vii.  538 

influence    of     sympathetic 

system  on,  vii.  586 
inhibition  of,  v.  24 
nerves  of,  vii.  471 
neuroses  of,  vii.  501 
occlusion  of,  i.  603 
operations  on,  vii.  478 

anterior  gastro-enterostomy, 

vii.  484 
exploratory  laparotomy,  vii. 

487 
gastrectomy,  vii.  487 
gastroduodenostomy,       vii. 

486 
gastro-enterostomy,  vii.  483 
gastrogastrostomy,  vii.  486 
gastrojejunostomy,  vii.  483 
gastrolysis,  vii.  479 
gastropexy,  vii.  479 
gastroplasty,  vii.  486 
gastroplication,  vii.  479 
gastrorrhaphy,  vii.  478 
gastrostomy,  vii.  480 
gastrotomy,  vii.  480 
jejunostomy,  vii.  487 
posterior  gastro-enteros- 
tomy, vii.  485 
pylorectomy,  vii.  486 
pyloroplasty,  vii.  486 
phlegmon  of,  vi.  617 
position  of,  vii.  537 
pyloric  stenosis,  vii.  519 

diet  in,  iii.  456 
secretion    of,    disturbances    of, 
effect  on  metabolism,   v. 
773 
influence     of     sympathetic 
system  upon,  vii.  583 
secretory  neuroses,  vii.  503 
sensory  neuroses,  vii.  503 
shape,  vii.  536 
structure  of,  vii.  461 
surgery  of,  vii.  477 
syphilitic  lesion  of,  vii.  023 
transposition  of,  vii.  524 
tumors  of,  i.  29;  vii.  531 
ulcer  of,  i;  39;  vii.  487,  510 
Stomach  pump,  i.  370 ;  v.  734 
Stomach  tube,  passage  of,  iii.  578 
Stomatitis,  viii.  579 
acute,  viii.  579 
aphthous,  viii.  580 
catarrhal,  viii.  579 
croupous,  viii.  580 
diet  in,  iii.  456 
erythematous,  viii.  579 
fetid,  viii.  580 
follicular,  viii.  580 
gangrenous,  iv.  307;  viii.  580 
gonorrhoeal,  viii.  538 
herpetic,  viii.  580 
nienibranous,  viii.  580 
mercurial,  viii.  581 
mycotic,  viii.  ,580 
parasitic,  viii.  580 
phlegmonous,  viii.  580 
pultaceous,  viii.  579 
pustulosa  contagiosa,  iv.  735 
simple,  viii.  579 
superficial,  viii.  579 
ulcerative,  viii    580 
vesicular,  viii.  580 
Stomatol,  vii.  735 


Stomatomycosis,  viii.  580 
Stomatoplasty,  vi.  904 
Stonecutter's  phthisis,  v.  594 
Stonham's    method    of   reducing 

dislocation  of  hip,  iii.  535 
Stools,  see  Fceees 

blood  in,  significance  of,  iii.  441 
colored,  iii.  443 
in  diarrhoea,  iii.  438 
Storax,  vii.  539 
Storesin,  vii.  580 
Storm  Lake  Hineral  Spring,  vii. 

530 
Stout,  i.  169 
Stovain,  viii.  688 

Stoves,  for  heating  houses,  iv.  759 
Strabismus,  vii.  530 

accommodative,  vii.  531 
advancement  of  tendon  for,  vii. 

532 
alternating,  vii.  531 
amblyopia  Avith,  vii.  531 
concomitant,  vii.  531 
constant,  vii.  531 
convergent,  vii.  531 
convulsive,  vii.  531 
diplopia  in,  vii.  530 
divergent,  vii.  531 
hysterical,  vii.  531 
intermittent,  vii.  531 
latent,  vii.  533 
mixed  forms  of,  vii.  533 
monolateral  or  monocular,  viL 

531 
objective  symptoms,  vii.  530 
parallel,  vii.  531 
paralytic,  vii.  532 

treatment,  vii.  533 
periodic,  vii.  531 
tenotomy  for,  vii.  533 
vertical,  vii.  531 
Strabotomy,  vii.  532 
Straight  sinus,  anomalies  of,  viii. 

304 
Straits  of  the  pelvis,  vi.  539 
Stramonium  leaves  and  seed,  vii. 

534 
Stramonium,  poisonous  plant,  vi.  701 
Strangulated  hernia,  iv.  667 
Strangulation,   causing  asphyxia, 
i.  574 
evidences  of  death  from,  i.  673; 

vii.  535 
intestinal,  treatment,  v.  175 
Strapping,  for  sprains,  v.  291 
Stratum  corneum,  viii.  673 
granulosum,  viii.  673 
lucidum,  viii.  674 
Strawberry,  see  Rosacea: 
Streak  cultures,  viii.  437,  428 
Streptobacillus,  i.  680 
Streptococcus,  i.  680 

invasion  of  fascia  of  arm,  i.  458 
pyogenes,  i.  705,  709 

in  dissection  and   operation 

wounds,  iii.  530 
in  phlegmons,  vi.  611 
Streptothrices,  i.  719 
StreptothricoSis,  diagnosis  of,  viii. 

440 
Streptothrix  actinomyces,  i.  719 
Stress  and  strain,  effect  of,  on  dif- 
ferentiation, iii.  468 
Stretchers,  Gihon's,  vi.  188 

Malian's,  vi.  188 
Striae  gravidarum,  iv.  340 
Strieker's    warm    stage    and     gas 
chamber,  iv.  705 
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Stricture,  Intestinal,  v   173 
rectal,  i.  897 
urethral,  viii.  20 
Stronger  orange  flower  water,  vl. 

398 
Stronger  rose  water,  vi.  1000 
Strongylidae,  vl.  319 
Strongyloides,  vi.  308 
intestinalis,  vi.  308 
stercoralis,  vi.  307,  208,  309,  504 
Strongylus  apri,  vi.  219,  503 
bi'onchialis,  vi.  313 
duodenalis,  vi.  331 
elongatus,  vi.  319 
gigas,  vi.  230 

of  kidney,  v.  344 
longsevaginatus,  vi.  319 
paradoxus,  vi.  319 
quadridentatus,  vi.  321 
renalis,  vi.  230 
subtilis,  vi.  219 
suis,  vi.  219 
Strontia  Mineral  Spring,  vii.  640 
Strontium,  vii.  540 
bromide,  ii.  485 
iodide,  v.  303 
lactate,  vii.  541 
Strophanthidin,  vii.  541 
Strophanthin,  vii.  541 

action   of,   on   heart,   compared 
veith  digitalis,  ii.  701 
Stropbanthus,  vii.  541 

action,   compared  with  that  of 

digitalis,  ii.  701 
glaber,  vi.  430 
hispidus,  ii.  701 ;  vii.  541 
in  heart  disease,  iv.  610 
kombe,  ii.  701 ;  vii.  541 
Strophulus  albus,  v.  818 
Struggle  for  existence,  a  factor  of 

organic  evolution,  iv.  25 
Struma,  iv.   376;  vii.  543;  and  see 
Ooitre 
antemenstrualis,  iv.  380 
congenita,  vi.  281 
cystica,  diagnosed  from  branch- 
ial cysts,  ii.  460 
suprarenalis  aberrans,  see  Hyper- 
nephroma 
Strumitis,  iv.  387 
Strlimpell  phenomenon,  vi.  876 
Strychnic  acid,  vi.  308 
Strychnin  or  strychnine,  vi.  307 ; 
vii.  543 ;  and  see  Nux  vomica 
as  a  cardiac  stimulant,  ii.  708 
effect  of,  upon  body  tempera- 
ture, ii.  571 
upon  the  foetus,  vi.  379 
hypodermatic  use  of,  iv.  820 
poisoning  by,  analysis,  vii.  545 
differential    diagnosis,     vii. 

544 
duration,  vii.  544 
failure  of  detection,  vii.  546 
influence    of    putrefaction, 

vii.  546 
lethal  dose,  vii.  544 
post-mortem  appearances,  i. 

664 ;  vii.  545 
symptoms,  vii.  548 
tests,  vii.  545 
treatment,  vii.  544 
Strychnin-like  ptomains,  vi.  792 
Strychnos,  ili.  338 

castelnseana,  iii.  339 
Crevauxii,  iii.  339 
Gubleri,  iii.  339 
incaga,  iii.  338 


Strychnos  Ignatii,  iv.  843 
kipapa,  iii.  338 
nux  vomica,  iii.  338 ;  vi.  307 
tiente,  iii.  388 
toxifera,  iii.  339 
Stryker  Mineral  Springs,  vii.  546 
Stump,  after  amputation,  i.  245 
suitable  for  artificial  limbs,  v. 
514 
Stupor,  epileptic,  v.  100 
Sturrock's  method  of  reducing  dis- 
location of  hip,  iii.  525 
Stuttering,  vii.  435 
Stylo-auricularis  muscle,  vi.  47 
Stylochondrohyoid    muscle,     vi. 

46 
Styloglossus    muscle,    anomalies 

of,  vi.  47 
Stylohyoideus   alter  muscle,  vi. 

46 
Stylohyoid  muscle,  anomalies  of, 

vi.  46 
Stylohyothyroid  muscle,  vi.  46 
Stylopharyngeus,    anomalies   of, 

vi.  47 
Stylopharyngeus  muscle,  anom- 
alies of,  vi.  47 
Styptic  collodion,  vii.  687 
Stypticin,  vii.  546 

in  dysmenorrhoea,  iii.  577 
Styptics,  iv.  478 
Styptol,  viii.  688 
Styracol,  iv.  435 
Styrax,  vii.  529 
benzoin,  i.  745 
prseparatus,  vii.  529 
Styrol,  vii.  530 
Styron,  vii.  547 
Subanconeus  muscle,  vi.  53 
Subaponeurotic    cephalhsemato- 

mata,  ii.  764 
Subarachnoid  cocaine  injections, 
see  Spinal  cocainieation  and  lumbar 
puncture 
Subastragaloid     amputation    of 

the  foot,  i.  357 
Subcentral  fissure,  ii.  193 
Subcerebelliar  veins,  ii.  357 
Subcerebral  vein,  ii.  255,  257 
Sub  chloride  of  mercury,  v.  751 
Subclavian  artery,  vi.  194 
anomalies  of,  i.  527 
compression  of,  i.  537 
ligature  of,  vi.  195 
Subclavian  vein,  vi.  196 
anomalies  of,  viii.  204 
Subclavicular   dislocation   of    hu- 
merus, iii.  520 
region,  access  to,  by  temporary 
resection  of  clavicle,  iii.  181 
Subclavius  muscle,  anomalies  of, 

vi.  50 
Subclavius  posticus  muscle,  vi. 

50 
Subcoracoid    dislocation   of    hu- 
merus, iii.  520 
Subcranial   cephalhsematomata, 

ii.  765 
Subcrureus  muscle,  anomalies  of, 

vi.  57 
Subdiaphragmatic  abscess,  viii. 

502 

Subfissures,  ii.  201 

Subfrontal  fissure,  ii.  193,  208 
gyre,  ii.  198,  203 

Subglenoid    dislocation   of    hu- 
merus, iii.  517 

Subgyres,  ii.  301 


Subinvolution  of  the  uterus,  viii. 
100 
of  the  vagina,  viii.  104 
Sublimate,  corrosive,  v.  758;  see 

also  Mercury,  bichloride  of 
Sublamine,  vii.  547 
Subluxation  of  joint,  v.  397 
Submaxillary  gland,  vi.  199 
Submaxillary  lymphatic  glands, 

vi.  199,  680 
Submersion,   causing  asphyxia,  i. 
574 
signs  of  death  from,  i.  672 
Subnasal  point,  vii.  329 
Subpericranial     cephalhsemato- 
mata, ii.  764 
Subphrenic  abscess,  iii.  487;  viii. 

506 
Subscapularis  minor  muscle,  vi. 

51 
Subscapularis  muscle,  anomalies 

of,  vi.  51 
Subscapulo  -  capsularis    muscle, 

vi.  51 
Subumbilical  clefts,  vii.  708 
Subvertebral  rectus  muscle,  vi. 

61 
Succinum,  i.  308 
Succus,  V.  736 

entericus,  iii.  475;  vii.  97,  547 
thebaicus,  vi.  388 
Succussion,  ii.  819 

Hippocratic,  vi.  668 
Sucramine,  vii.  548 
Sucrol,  iii.  563 
Sucrose,  vii.  548 
Suction,  for  cataract,  ii.  726 
Sudden  death,  due  to  infarction  of 
heart,  Iv.  580 
due  to  status  lymphaticus,  vii. 
450 
Sudorifics,  iii.  432 
Suet,  vii.  548 

Suffocation,  as  cause  of  asphyxia, 
i.  576 
varieties  of,  i.  576 
Sugar,  vii.  548 

action  and  uses,  vii.  549 
amount  allowed    in  rations,  v. 

799 
as  an  antidote,  i.  371 
barley,  vii.  549 
Chinese,  vii.  549 
excretion  of,  diminished  by  jam- 

bul,  V.  344 
in  milk,  v.  819 
in  urine,  iii.  438 
invert,  vii.  549 
Leo's,  see  Laiose 
maple,  vii.  548 
of  lead,  V.  471 
of  milk,  see  Lactose 
preparation  of,  vii.  549 
rock,  vii.  648 
sorghum,  vii.  548 
Sugarine,  vii.  549 
Suggestion,  iv.  811 
hypnotic,  iv.  811 
■   post-hypnotic,  iv.  811 
Suggestive  therapeutics,  viii.  618 
Suggillation,  iii.  278;  vii.  549 
Suicide,  vii.  550 

among  troops,  ii.  614 
and  homicide,  probabilities  be- 
tween, vi.  692 
and  insanity,  v.  28 
automatic,  vii.  553 
by  suggestion,  vii.  553 
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Suicide,  causes  of,  vii.  563,  553 
diagnosis  of,  vii.  555 
double,  vii.  553 
epidemic,  vii.  553 
feigned,  vii.  553 
history  of,  vii.  550 
in  children,  vii.  553 
in  insanity,  v.  73;  vii.  551 
method  of,  vii.  554 
multiple,  vii.  553 
nature  of,  vii.  551 
prophylaxis  of,  vii.  555 
statistics  of,  vii.  550 
symptoms  of,  vii.  555 
tendency  to,  in  insanity,  v.  70 
treatment  of  a  tendency  to,  vii. 
556 
Sulcus  choroideus,  ii.  175 
f ureal,  ii.  160 
of  Munro,  ii.  166 
peduncular,  ii.  160 
terminalis,  iv.  568 
Sulfosot,  vii.  556 
Sulphaminol,  vii.  556 
Sulphate  of  aluminum,  i.  307 
of  cadmium,  ii.  541 
of  cinchonidine,  iii.  91 
of  copper,  iii.  378 

emetic  action  of,  iii.  813 
of  iron,  v.  333,  338 
of  magnesium,  v.  673 
of  manganese,  v.  686 
of  potassium,  vi.  745 
of  quinidine,  iii.  93 
of  quinine,  iii.  90 
of  thallium,  vii.  731 
of  zinc,  viii.  339 

emetic  action  of,  iii.  813 
Sulphated  saline  waters,  v.  848 
American,  v.  848 
European,  v.  848 
Sulphates  in  the  urine,  viii.  53 
conjugate,  viii.  43 
preformed,  viii.  54 
Sulphides,  vii.  556 
black,  V.  756 
mercuric,  v.  756 
mercurous,  v.  756 
of  arsenic,  poisoning  by,  viii.  346 
Sulphites  and  hyposulphites,  vii. 

557 
Sulphocarbolates,  vii.  558 
as  germicides,  iv.  336 
of  silver,  vii.  316 
of  sodium,  vii.  558 
Sulphocarholic  acid,  vii.  558 
Sulphocyanate  of  acrinyl,  vi.  68 
Sulphocyanides,  vii.  558 

excretion  of,  vii.  559 
Sulphonal,  vii.  560 

as  a  hypnotic,  iv.  816 
poisoning  by,  vii.  560 
Sulpho-paraldehyde,  vii.  561 
Sulpho-Saline  Spring,  vii.  561 
Sulphur,  vii.  561 

as  a  laxative,  v.  469 
baths,  vii.  557 
dioxide,  vii.  563 

apparatus    for    generating, 

iii.  503 
as  a  disinfectant,  i.  688 ;  iii. 

496,  501 
as  a  germicide,  iv.  336 
means  of  generating,  vi.  833 
flowers  of,  vii.  561 
■fumigation  by,  iii.  498 
gases,  action  of,  on  animal  sys- 
tem, 1.  154 

894 


Sulphur  in  the  urine,  viii.  54 
iodide,  vii.  563 
lotum,  vii.  561 
precipitated  milk  of,  vii.  561 
precipitatum,  vii.  561 
subhmatum,  vii.  561 
vegetable,  v.  616 
washed,  vii.  561 
Sulphurated  lime,  vii.  557 
Sulphurated  potassa,  vii.  556,  557 
Sulphurated    waters,    American, 
V.  849 
as  a  bacterial  product,  i.  684 
as  a  germicide,  iv.  336 
Sulphureted     hydrogen,     as    an 
antidote,  i.  373 
in  urine,  vii.  54 
Sulphuric  acid,  vii.  563 
aromatic,  vii.  563 
as  a  caustic,  ii.  757 
as  a  germicide,  iv.  336 
burns  from,  ii.  530 
in  the  urine,  viii.  53 
poisoning  by,  i.  69 
post-mortem  appearances  in,  i. 

661 
toxicology  of,  i.  69 
Sulphurous  acid,  vii.  563 
Sumac,  vii.  563 

poisonous  plant,  vi.  697 
Sumach  or  sumac,  vii.  563 
dwarf,  iii.  435 
poison,  iii.  425 
swamp,  iii.  435 
walnut-leaved,  iii.  435 
Sumbul,  vii.  563 

Bombay,  i.  317 
Summer  cholera,  iii.  33 
Summer   diarrhoea  of   children, 

iii.  443 
Summerville-Augusta,  i.  634 
Summerville,  S.  C,  vii.  564 
Summit  Soda  Springs,  vii.  565 
Sunburns,  ii.  517 
Sunlight,  an  element  of  climate,  iii. 
143 
germicidal  power  of,  iii.  499 
Sunshine,  at  health  resorts,  iv.  564 
Sunstroke,  iv.   617;  and  see  Heat- 
stroke 
among  troops,  ii.  617 
cold  for,  iii.  195 
Super callosal  fissure,  ii.  193 
Supercentral  fissure,  ii.  193 
Superextensibility  of  thumb  at 

different  ages,  iv.  515 
Superfecundation,  iv.  341 ;  vii.  565 
Superfoetation,  iv.  341 ;  vii.  565 
Superflssures,  ii.  201 
Superfrontal  Assure,  ii.  193 

gyre,  ii.  193 
Superimpregnation,  vii.  565 
Superinvolution  of  the  uterus,  viii 

104 
Superior    constrictor    of    the 
pharynx  muscle,  anomalies  of, 
vi.  47 
Superior      longitudinal     sinus, 

anomalies  of,  viii.  203 
Superior  maxilla,  anatomy  of,  vi 
943 
resection  o%,  vi.  941 
Superior  mesenteric  plexus,  vii 
578  _  .r  ,        . 

Superior  petrosal  sinus,  anomalies 

of,  viii.  204 
Superior  thyroid  artery,  surface 

markings  of,  vi.  191 


Supertemporal  Assure,  ii.  193 

gyre,  ii.  193 
Supinator  brevis  muscle,  anom- 
alies of,  vi.  54 
Supinator  longus  muscle,  anom- 
alies of,  vi.  54 
Supplementary    respiration,    ii. 

817 
Suppositories,  v.  739 
of  glycerin,  iv.  374 
Suppressed  expiration,  ii.  817 
Suppuration,  v.  6 
in  fractures,  iv.  357 
renal,  v.  358 
Supra-acromial     nerve,     surface 

marking,  vi.  191 
Supraclavicular      lymphatic 
glands,  V.  631 
in  carcinoma  of  breast,  ii.  633 
Supraclavicular  muscle,  vi.  44 
Supraclavicular     nerve,    surface 

marking,  vi.  191 
Supracostalis  muscle,  vi.  60 
Suprahyoid   lymphatic    glands, 

vi.  199 
Supramastoid  crest,  vii.  339 
Suprameatal  triangle,  v.  704 
Supra-orbital     branch    of     fifth 

nerve,  herpes  zoster  of,  iv.  117 
Supra-orbital  neuralgia,  vi.  345 
Suprarenal    hodies,    see    Adrenal 
glands,  i.  137 
actinomycosis  of,  vii.  567 
affections  of,  v.  363 
ellect  of,   upon  metabolism,  v. 

775. 
malformations  of,  vii.  705 
pathology  of,  vii.  566 
physiology     of,   see     Secretion, 

physiology  of 
progressive  changes  in,  vii.  567 
removal  of,  vi.  411 
retrograde  changes  in,  vii.  567 
syphilis  of,  vii.  567 
tuberculosis  of,  vii.  567 
tumors  of,  vii.  567 
Suprarenal  capsule,  extract  of,  vi. 
411;  see  Adrenalin,  and   Or- 


tumors  of,  diagnosed  from  renal 
tumor,  V.  328 
Suprarenal  extract,  vi.  411 
as  a  hssmostatic,  iv.  478 
in  the  treatment  of  ursemia,  viii.  7 
Suprarenal  plexus,  vii.  578 
Suprarenal  vein,  anomalies  of,  viii. 

306 
Suprascapular  artery,  anomalies 

of,  i.  528 
Suprascapular  vein,  anomalies  of, 

viii.  304 
Supraspinatus  muscle,  anomalies 

of,  vi.  51 
Suprasternal  nerve,  surface  mark- 
ing, vi.  191 
Surface  water,  vi.  168 
Surgeon,  ambulance,  i.  213 
responsibility  of,  v.  683 
Surgeon  and  assistants,  prepara- 
tion of,  for  operation,  i.  566 
Surgery,  general,  cocaine  in,  iii.  160 
intestinal,  v.  176 
of  peritoneum,  v.  176 
of  the  brain,  ii.  398 
plastic,  of  bone,  ii.  733 
Surgical  dressings,  iii.  553 
Surgical  operations,  cause  of  in- 
sanity, V.  35 
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Surgical  operations,  complications 

and_  accidents  following,  vili.  689 

Surgical    procedures,    producing 

menopause,  ii.  799 
Sus  scrofa,  v.  405 
Susceptibility,  variation  in,  iv.  843 

to  poisonous  plants,  iii.  425 
Susotoxiu,  ptomaln,  vi.  790 
Suspended  animation,  i.  559 
Suspension  of  uterus,  viii.  84 
Suspensory  bandages,  vii.  568 
Sutherland  Springs,  vii.  568 
Sutures,  iii.  553;  vii.  568 
Cushing's,  v.  177 
Uzerny-Lembert's,  v.  177 
Connell,  v.  178 
continuous,  v.  177 
Halsted's,  v.  177 
healing  of  arteries  after,  i.  588 
interrupted,  v.  178 
kinds  of,  vll.  569 
lateral  Implantation,  v.  179 
Lembert's,  v.  177 
materials  for,  vii.  568 
preparation  of,  i.  568 
purse-string,  v.  177 
Senn's,  v.  179 
sterilization  of,  i.  568 
to  stop  hemorrhage,  iv.  635 
Suwanee   Sulphur   Springs,   vii. 

570 
Swallowing,  advantages  of  medi- 
cation by,  V.  734 
disadvantages  of  medication  by, 
V.  784 
Sweat,  vii.  317 
bloody,  iv.  466 
blue,  iii.  70 
colored,  iii.  70 
diminution  of,  1.  857 
excessive,  iv.  796;  and  see  Ey- 

peridrosis 
green,  ill.  70 
luminous,  vi.  630 
odorous,  ii.  486 
phosphorescent,  iii.  70 
red,  iii.  70 

secretion  of,  effect  of  sympathe- 
tic nervous  system  on,  vii.  583 
Sweat  glands,  viii.  676 
carcinoma  of,  Ii.  683 
embryology,  viii.  676 
histological  anatomy,  viii.  677 
secretion  of,  vii.  100 
Sweat-shop  work,  dangers  of,  vi. 

333 
Sweden,  Pharmacopoeia  of,  vi.  586 
Swedish  movements,  v.  694 
Sweet   Chalybeate  Springs,   vii. 

571 
Sweet  flag,  ii.  549 
Sweet  oil,  vi.  356 
Sweet  spirits  of  nitre,  vi.  390 
Sweet  Springs,  vii.  571 
Sweet  tincture   of   rhubarb,    vi. 

974 
Swine,  diseases  among,  detection 

of,  V.  727 
Swinepox,  ii.  836 
Swelling,  cloudy,  iii.  394 
Swertia  chirayita,  ii.  835 
Switzerland,  food  adulterations  in, 
iv.  166 
Pharmacopoeia  of,  vi.  586 
Sycosis,  vii.  571 

and  eczema,  differential  diagno- 
sis of,  iii.  T33 
Sydenham's  disease,  m.  41 


Sylvester's    method    of   artificial 

respiration,  i.  560 
Sylvian  fissure,  ii.  305,  376 

methods  ot  locating,  ii.  405 ;  vii. 
240 
Symblepharon,  i.  603;  iii.  250;  vii. 

699 
Syxne's  external  urethrotomy,  viii. 
24 
method  of  amputation,  i.  258 
operation,  cheiloplasty,  vi.  902 
Symbiosis,  i.  685 

in  phlegmon  production,  vi.  613 
Sympathetic  irritation,  vii.  594 
Sympathetic     nervous    system, 
vii.  578 
anatomy,    gangliated    cords    of 
the,  vii.  575 
of  the  plexuses,  vii.  577 
diseases  of,  vii.  591 
functional  interrelation  of  sym- 
pathetic    and    cerebro-spinal 
systems,  vii.  589 
general  survey  of  anatomy,  vii. 

573 
histology,  vii.  579 
morphological    organization    of 

the  rami,  vii.  581 
physiology,  vii.  583 

cardiac  functions,  vii.  585 
involuntary  and  automove- 

ments,  vii.  586 
reflex  action,  vii.  589 
respiratory    functions,    vii. 

585 
secretory  functions,  vii.  583 
trophic  and  tonic  functions, 

vii.  588 
vascular  functions,  vii.  584 
structure  and  connection  with 
the  cerebro-spinal  system,  vii. 
574 
Sympathetic  neurosis,  vii.  594 
Sympathetic  ophthalmia,  vii.  591 
Sympathetic    ophthalmitis,    vii. 

591 
Symphorol-lithium,  vii.  595 
Symphorol-sodium,   vi.   149;   vii. 

595 
Symphorol-strontium,  vii.  595 
Symphyseotomy,  vi.  315 ;  and  see 
Obstetric  operations  and  Pelves, 
deformed 
contraindications,  vi.  315 
indications,  vi.  315,  580 
methods,  vi.  315 
Symphytum,  iii.  227 

officinale,  iii.  227 
Sympus  apus,  vii.  715 
dipus,  vii.  715 
monopus,  vii.  715 
Synapsis,  vi.  866,  870 
of  neurones,  ii.  384 
Synarthroses,  i.  553 
Synchondroses,  i.  551,  553 
Synchysis  scintillans,  viii.  367 

sparkling,  viii.  267 
Synchytrium,  iv.  275,  278 
Syncope,  ii.  234 
Syncytioma,  iii.  392;  vii.  595 

deciduoma  malignum,  vii.  595_^ 
malignum,  iii.  61;  vii.  595;  viii. 
95 ;  and  see  Deciduoma  inalig- 
num 
Syncytium,  iii.  50;  vi.  646 
fatal,  phenomena  of,  iii.  377 
growth  of,  iii.  798 
Syndactylism,  iv.  494;  vii.  715 


Syndesmo  -  pharyngeus  muscle, 

vi.  47 
Synechise  of  nasal  cavities,  vi.  124 
Synophthalmus,  vii.  699 
Synorchism,  vii.  179 
Synovia,  vii.  597 

Synovial    cavities    of   the  wrist- 
joints,  viii.  317 
Synovial    fringes    in   the    knee- 
joint  V.  275 
Synovial  membranes,  vii.  596 
diseases  affecting  the,  v.  261 
inflammation  of,  see  Synovitis 
of  knee-joint,  v.  370 
Synovial    sheaths    of   hand,    iv. 

244 
Synovitis,  ii.  529 
acute,  vii.  596 

diagnosis,  vii.  599 
pathology,  vii.  597 
prognosis,  vii.  600 
symptoms,  vii.  597 
treatment,  vii.  600 
varieties  of,  vii.  598 
anatomy,  vii.  596 
arborescent  tuberculous,  v.  263 
catamenial,  vii.  599 
dry,  V.  261 

exanthematous,  vii.  599 
gonorrhoeal,  iv.  403;  vii.  599 
gouty,  vii.  599 
of  the  ankle-joint,  v.  273 
of  the  elbow,  i.  464 
of  the  hand,  iv.  518 
of  the  hip,  V.  272 
of  the  knee-joint,  v.  373 
of  the  shoulder-joint,  v.  276 
purulent,  vii.  598 
serous,  v.  261 
syphilitic,  vii.  599 
traumatic,  vii.  598 
Synthetic  products,  poisoning  by, 

vii.  602 
Syphilis,  vii.  602,  944 

affections  of  the  bones  and  car- 
tilages in,  vii.  629 
of  the  circulatory  organs  in, 

vii.  624 
of  the  digestive  tract  in,  vii. 

623 
of  the  ear  in,  iii.  674 
of  the  eyes  in,  vii.  619 
of  the  genito -urinary  organs 

in,  vii.  635 
of  the  hair  and  hair  follicles 

in,  vii.  616 
of  the  muscles,  tendons,  and 

articulations,  vii.  629 
of  the  nails  in,  vii.  617 
of  the  nervous  system  in, 

vii.  626 
of  the  respiratory  tract  in, 
vii.  631 
among  troops,  ii.  608 
and  cancer,  diagnosis  of,  iii.  675 
and  chancroid,  diagnosis  of,  ii. 

797 
and  eczema,  diagnosis  of,  iii.  714 
and  lichen  planus,  diagnosis  of, 

V.  506 
and  lichen  scrofulosorum,  diag- 
nosis of,  V.  509 
and  lupus,  diagnosis  of,  v.  611, 

615 
and     pemphigus     neonatorum, 

diagnosis  of,  vi.  543 
and  pemphigus  vegetans,  diag- 
nosis of,  vi.  548 
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Syphilis  and  psoriasis,  diagnosis  of, 

vi.  783 
and     rliinoscleroma,     diagnosis 

of,  vi.  143 
and  seborrhoea,  diagnosis  of,  vii. 

89 
and  smallpox,  diagnosis  of,  vii. 

249 
as  a  cause  of  paresis,  v.  86,  88 
bacillus  of,  i.  693;  vii.  603 
bubo  in,  ii.  600 
cerebral,  ii.  437 
congenital,  vii.  630 
definition,  vii.  603  ' 
evolution  of,  in  periods,  vii.  603 
general  paralysis  from,  vii.  637 
geographical    distribution,    vii. 

603 
headache  in,  iv.  553 
hereditary,  vii.  630 
history,  vii.  603 
in  armies,  ii.  608 
in  etiology  of  epilepsy,  iii.  849 
initial  lesion  of,  vii.  606 
insanity  in,  v.  33,  95 
in  the  new-born,  vi.  277 
joint  affections  of,  v.  264 
kyphosis  in,  v.  378 
leucorrhoea  in,  v.  494,  495 
mucous  patches,  vii.  622 
nature  of,  vii.  603 
of  bone,  ii.  133 
of  the  adrenals,  vii.  567 
of  the  aorta,  ii.  107 
of  the  auditory  nerve,  iii.  684 
of  the  blood-vessels,  ii.  105 
of  the  brain,  ii.  437 
of  the  bronchi,  v.  445 
of  the  bronchial  glands,  v.  588 
of  the  chorion,  iii.  59 
of  the  decidua,  iii.  391 
of  the  Eustachian  tube,  iii.  681 
of  the  external  auditory  canal, 

iii.  676 
of  the  hands  and  fingers,  iv.  505 
of  the  heart,  iv.  601 
of  the  kidney,  v.  861 ;  vii.  626 
of  the  labyrinth,  iii.  683 
of  the  larynx,  v.  443 

as  a  cause  of  stenosis,  v.  440 
of  the  liver,  v.  560 
of  the  lungs,  vii.  631 
of  the  mastoid  process,  iii.  677, 

683 
of  the  mediastinum,  v.  732 
of  the  nasal  cavities,  vi.  148 
of  the  oesophagus,  vi.  343 
of  the  omentum,  vi.  361 
of  the  pituitary  gland,  vi.  640 
of  the  spine,  vii.  387 
of  the  testicle,  vii.  184 
of  the  thymus,  v.  729 
of  the  thyroid,  iv.  389 
of  the  tongue,  vii.  795 
of  the  tonsil,  vii.  820 
of  the  trachea  and  bronchi,  v. 

446 
of  the  ureters,  viii.  12 
of  the  uvula,  viii.  109 
of  the  veins,  viii.  218 
of  the  velum  palati,  viii.  110 
retinal  changes  in,  vi.  958 
stage  of  invasion,  vii.  607 
synonyms,  vii.  603 
treatment  of,  i.  1 ;  vii.  683 
vaccinal,  viii.  186 
Syphilitic  dactylitis,  iv.  506 
infiltration,  iv.  873 


Syphilitic  meningitis,  vii.  335 
myositis,  vi.  83 
synovitis,  vii.  599 
ulcer,  vii.  944,  947 
urethritis,  viii.  30 
Syphiloderm,  vii.  608 
bullous,  vii.  613 
gummatous,  vii.  613 
macular,  vii.  609 
malignant,  vii.  615 
palmar  and  plantar,  vii.  610 
papular,  vii.  609 
pustular,  vii.  611 
relation  of,  to  systemic  intoxica- 
tion, vii.  618 
to  other  infections,  vii.  618 
rupia,  vii.  611 
serpiginous,  vii.  615 
treatment  of,  vii.  616 
tuberculous,  vii.  613 
vesicular,  vii.  612 
Syphiloma,  gumma,  vii.  618 

of  the  subcutaneous  glands,  vii. 

618 

of  the  vagina,  vii.  635 

Syringe,  fountain,  v.  784 

hypodermatic,  iv.  819 

prostatic,  Ultzmann's,  vi.  761 

Syringomyelia,  vii.  873 

course  and  prognosis,  vii.  377 

etiology,  vii.  374 

diagnosed  from  acromegaly,  i. 

95 
differential  diagnosis,  vii.  876 
of  the  upper  extremity,  i.  467 
pathological  anatomy,  vii.  373 
symptomatology,  vii.  374 
the  hand  in,  iv.  500,  533 
treatment,  vii.  377 
Syrups,  V.  739 

of  althaea,  v.  694 

of  calcium    lactophosphate,   ii. 

553 
of  citric  acid,  v.  483 
of  ferrous  iodide,  v.  224 
of  garlic,  iv.  308 
of  hydriodic  acid,  iv.  775 
of  hypophosphites,  iv.  835 
of  hypophosphites  with  iron,  iv. 

835;  V.  223 
of  ipecac,  v.  213 
of  lactophosphate  of  calcium,  v, 

402 
of  lactucarium,  v.  403 
of  lemon,  v.  483 
of  lime,  ii.  551 
of  orange  flowers,  vi.  898 
of  poppy  capsules,  vi.  735 
of  rhubarb,  vi.  974 
of  rose,  vi.  1000 
of  senega,  vii.  114 
of  senna,  vii.  117 
of  squill,  vii.  434 
of  sweet  orange  peel,  vi.  398 
of  tar,  vii.  639 

of  the  pho'sphates  of  iron,  qui- 
nine, and  strychnine,  iii.   90; 
V.  237 ;  vii.  543 
of  the  triple  phosphates,  iii.  90; 

V.  337:  vii.  548 
of  wild  cherry,  ii.  804 
of  yerba  santa,  viii.  334 
simple,  vii.  549 
Systems,  Haversian,  ii.  115 
Systolic  murmur,  ii.  833 
aortic,  ii.  833 
in  aneurism,  i.  842 
mitral,  ii.  883 


Tabacosis,  v.  594 
Tabacum,  vii.  787 
Tabanidse,  v.  165 
Tabanus,  v.  165 

atratus,  v.  165 
Tabes,  vii.  878 

diagnosis,  vii.  380 

duration,  course,  and  prognosis, 

vii.  381 
etiology,  vii.  378 
relation  to  paresis,  v.  93 
symptoms,  vii.  378 
treatment,  vii.  881 
Tablets,  v.  739 

compressed,  v.  739 
hypodermatic,  v.  739 
Tac,  V.  11 ;  and  see  Influenza 

paroxysmal,  vi.  800 
Tachycardia,  iv.  596 
Tactile  corpuscles,  viii.  683 

sense,  function  of,  in  maintain- 
ing equilibrium,  iii.  858 
sensibility,  vii.  118 
Taenia,  i.  883 

aegyptica,  ii.  791 

africana,  ii.  785 

capensis,  ii.  784 

confusa,  ii.  787 

crassicollis,  ii.  787 

cucumerina,  ii.  793 

demerariensis,  ii.  790 

diminuta,  ii.  791 

echinococcus,    ii.    788;    v.   539; 

vi.  504;  viii.  383 
elliptica,  ii.  793 
fenestrata,  ii.  784 
flavopunctata,  ii.  791 
hirudinacea,  vi.  334 
lata,  ii.  793 
leptocephala,  ii.  791 
lophosoma,  ii.  784 
marginata,  ii.  787 
minima,  ii.  791 
moniliformis,  ii.  793 
nigra,  ii.  784 
pellucida,  ii.  785 
saginata,  ii.  780,  783,  784;  viii. 

388 
serrata,  ii.  781,  787 
solium,  ii.  779,  786;  viii.  233 
tenella,  ii.  786 
treatment  of,  i.  362 
varesina,  ii.  791 
vulgaris,  ii.  785,  792 
Tseniadae,  ii.  779 

Taeniae,  see  Gestoda  and  Anthelmin- 
tics 
Tagliacozzi's    operation,    rhino- 
plasty, vi.  905 
Taka  diastase,  iii.  449 
Taliaferro's  method  of  tamponade, 

viii.  179 
Talipes,  iv.  216 
arcuatus,  iv.  210 
calcaneo-valgus,    acquired,   Iv, 

236 
calcaneo-varus,  acquired,  iv.  236 
calcaneus,  iv.  316 
acquired,  iv.  234 
congenital,  iv.  281 
cavus,  iv.  210 
congenital,  iv.  317 

compared  with  acquired,  iv. 

318 
diagnosed  from  acquired,  iv, 
333 
equino-valgus,  acquired,  iv,  337 
equino-varus,  iv.  318 
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Talipes  equino-varus,  acquired,  iv. 
236 
congenital,  iv.  218 
equinus,  iv.  216 

acquired,  iv.  233 
congenital,  iv.  231 
etiology,  iv.  316 
paralytic,  iv.  237 
plantaris,  iv.  210 
statistics  of,  iv.  318 
valgus,  iv.  316 

congenital,  iv.  331 
varieties,  iv.  316 
varus,  iv.  316 

acquired,  iv.  383 
congenital,  iv.  231 
Talley's  Springs,  vii.  635 
Tamarind,  vii.  635 
Tamarindus  indica,  vii.  635 
Tampa,  Fla.,  vii.  636 
Tamponing  the  vagina,  viii.  177 
Tamponade,  viii.  178 

indications  for,  viii.  178 
Taliaferro's    method    of,     viii. 
179 
Tampons,  use  of,  viii.  177 

in  metritis,  v.  785 
Tanacetum,  vii.  638 
vulgare,  vii.  638 
Tang'erine,  iii.  127 
Tannal,  vii.  636 
Tannalbin,  vii.  636 
Tannate  of  colcliioine,  iii.  193 
Tannic  acid,  vii.  636 

as  a  germicide,  iv,  336 
Tannigen,  vii.  637 
Tannin,  vii.  636 

as  an  antidote,  i.  371 
Tannoform,  iv.  246 ;  vii.  637 
Tanno-geoform,  iv.  338 
Tannon,  iv.  246 ;  vii.  637 
Tannopin,  iv.  246 ;  vii.  637 
Tannosal,  vii.  638 
Tansy,  vii.  638 
Tapetal  cell,  vi.  869 
Tapeworms,  i.  362;  ii..779 

occurrence  of  various  species,  ii. 

783 
of  animals,  in  relation  to  public 

health,  viii.  233 
specifics  for,  ii.  783 
treatment  of,  i.  363 
Taphosote,  vii.  638 
Tapioca,  vii.  638 
Tapotement,  v.  694 
Tar,  vii.  638 

as  an  expectorant,  iv.  51 
camphor,  vi.  100 
cancer,  ii.  683 
Tarantism,  iii.  43 
Tarantula,  v.  158 
American,  v.  159 
fasciventris,  v.  158,  159 
"  Tarantula  killer,"  v.  168 
Tarasp-Schuls,  vii.  689 
Taraxacum,  iii.  353 
officinale,  iii.  353 
Tarsal  joints,  drainage  of,  v.  394 
Tarsectomy,  anterior,  vi.  935 

Bardenheuer's  operation,  vi. 
925 
complete,  of  WladimirofE-Miku- 
licz,  vi.  938 
indications,  vi.  928 
posterior,  vi.  937 

after-treatment,  vi.  938 
indications,  vi.  937 
result,  vi.  938 
Vol.  viii.— 57 


Tarso-metatarsal  amputation,  i. 

256 
Tarsus,  resection  of ;  see  Tarsectomy 
Tartar,  cream  of,  vi.  744 
crude,  vi.  744 
vitriolated,  vi.  745 
Tartar  emetic,  1.  370,  375 

as  cardiac  depressant,  ii.  691 
as  an  emetic,  iii.  811 
as  an  expectorant,  iv.  49 
as  a  pustulant,  iii.  805 
poisoning  by,  i.  376 
Tartaric  acid,  vii.  640 
as  a  germicide,  iv.  336 
diphenyl  ester,  vii.  641 
Tartarlitliine,  vii.  641 
Tartrate  of    antimony  and  potas- 
sium, i.  375 
of  chinoline,  ii.  834 
of  iron  and  ammonium,  v.  226 

and  potassium,  v.  386 
of  potassium  and  sodium,  vi.  744 
as  a  laxative,  v.  469 
Tartrophen,  vii.  641 
Taste,  vii.  641 

centripetal  conduction  path  of, 

ii.  863 
disturbance  of,  in  cerebral  tu- 
mors, ii.  445 
in  insanity,  v.  51 
localization  of  sense  of,  ii.  308 
Tate  Spring,  vii.  641 
Tattoo  marks,  vii.  643 

pigment  used  in,  vi.  635 
Taurin,  i.  68 
Taurine,  i.  754 

Taxis  in  the  reduction  of  hernia, 
iv.  668 
contraindications,  iv.  668 
dangers,  iv.  668 
Taxonomy,  i.  758 
Taylor's  brace  for  club-foot,  iv.  322 

liifimoglobinometer,  ii.  57 
Tchike,  ii.  828 
Tea,  vii.  644 

adulterations  of,  iv.  183 
as  beverage  for  soldiers,  v.  805 
continental,  vi.  707 
in  infusion,  v.  786 
James',  vi.  707 
Labrador,  vi.  707 
marsh,  vi.  707 
Mexican,  viii.  315 
New  Jersey,  ii.  759 
Paraguay,  v.  713 
svpamp,  vi.  707 
Tea-berry,  viii.  313 
Teale's  method  of  amputation,  i. 

343 
Tear  duct,  obstruction  of,  vi.  395 
Tears  of  ammoniac,  i.  218 
Teats,    diseased,    a  cause  of    un- 
healthy milk,  V.  835 
Teel  oil,  i.  743 
Teeth,  vii.  645 

abscess  of  the  pulp,  vii.  656 
affections  of,  a  cause  of  head- 
ache, iv.  549 
alveolar  abscess,  vii.  660 
anatomy  of,  vii.  645 
anomalies  of,  iii.  404 
calcification  of  the  pulp,  vii.  656 
canine,  vii.  646 
caries  of,  vii.  657 
cementum  of,  vii.  649 
chemistry  of,  ii.  128 
congestion  of  the  pulp,  vii.  655 
crusta  petrosa,  vii.  649 


Teeth,  dentine  of,  vii.  647 

disease  of  the  peridental  mem- 
brane, vii.  659 
of  the  pulp,  vii.  654 
enamel,  vii.  649 

erosion  of,  vii.  658 
eruption  of,  vii.  650 

anomalies  in  time  of,  iii.  404 
disorders    during,   iii.    405; 
vii.  651 
extraction  of,  vii.  661 
accidents  in,  vii.  663 
hemorrhage  after,  vii.  663 
formation  of  secondary  dentine 

in,  vii.  656 
formula  of,  vii.  645 
fracture  of,   during  extraction, 

vii.  663 
functions  of,  vii.  650 
fusion  of,  vii.  654 
gangrene  of  the  pulp,  vii.  656 
growth  of,  in  children,  ii.  830 
hypertroph}'  of  the  cement,  vii. 

658 
in  hereditar}'  syphilis,  vii.  654 
incisor,  vii,  646 
inflammation  of  the  pulp,   vii. 

655 
irregular,  vii.  651 
malformations  of,  vii.  653 
malpositions  of,  vii.  651 
microscopic  anatomy  of,  vii.  647 
molar,  vii.  646 
of  the  lower  jaw,  vii.  645 
of  the  upper  jaw,  vii.  645 
parts  of,  vii.  646 
pathology  of,  vii.  651 
peg,  vii.  654 

peridental  membrane,  vii.  649 
permanent,  vii.  645 
physiology  of,  vii.  650 
pitting  of,  vii.  653 
polypus  of  the  pulp,  vii.  656 
pulp,  cavity  of,  vii.  647 
relation  of,  to  food  and  to  form 

of  jaw,  V.  700 
sensitive  sprouting  of  the  pulp, 

vii.  657 
structure  of,  vii.  654 

anomahes  in,  vii.  654 
supernumerary,  vii.  651 
temporary,  iv.  858 ;  vii.  646,  648 
tumors  of,  see  Odontoma 
wisdom,  vii.  651 
Teevan's  modification  of  Maison- 

neuve's  urethrotome,  viii.  23 
Teichmann's  crystals,  ii.  74;  viii. 
33 
test  for  blood   pigment  in  the 
urine,  viii.  33 
Tela,  ii.  139 

Telangiectasis,  see  Angioma 
Telangioma,  see  Angioma 
Teleangiectatic    tumors    of    the 
conjunctiva,  iv.  108 
of  the  iris,  iv.  110 
of  the  orbit,  iv.  114;  vi,  405 
of  the  retina,  iv.  112 
Telegony,  iv.  644 
Teleodendrions,  ii.  334 
Telini  fly,  v.  166 
Tellicherry  hark,  iv.  733 
Tellurates,  vii.  663 

of  potassium,  vii.  663 
of  sodium,  vii.  663 
Tellyseniczky's  fluid,  iv.  708 
Telodendrion,  vi.  234 
Telophases,  ii.  764 
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Temperature,   a  condition  of   cli- 
mate, i.  149;  iii.  114 
comparative  talDle  of  the  Fahren- 
heit and  centigrade  scales,  vii. 
733 
effect  of,  upon  bacteria,  i.  686 
upon  differentiation,  iii.  468 
upon  electrotonus,  iii.  776 
upon  heart,  v.  33 
upon  wiiite  blood  cells,  ii.  32 
instruments  for  determining,  vii. 

732 
of  dwelling-houses,  iv.  755 
of  health  resorts,  iv.  564 
of  the  human  body,  vii.  734;  and 

see  Temperature,  body 
relation  of,  to  humidity,  iii.  142 
Temperature,  body,  effect  of  en- 
teroclysis  upon,  iii.  833 
of  quinine  upon,  iii.  90 
of  starvation  upon,  vii.  442 
extreme,  as  a   cause  of  disease 

among  troops,  ii.  617 
high,  iv.  620 
in  appendicitis,  i.  424 
in  disease,  vii.  734 
influence  of,  upon  conductivity 
of  nerves,  vi.  229 
upon  dysentery,  iii.  567 
in  health,  vii.  734 
in  insanity,  v.  53 
in  myelogenous  leukaemia,  v.  500 
of  the  cavities  in    the   human 

body,  vii.  734 
of  the  head,  in  intracranial  tu- 
mors, ii.  417 
of  the  internal  parts  of  the  body, 

vii.  734 
reduced,  a  sign  of  death,  ii.  535 
subnormal,  iv.  619 
Temporal  artery,  compression  of 
the,  i.  537 
superficial,   anomalies  of  the,  i. 
537 
Temporal  bone,   fractures  of,  iii. 

689 
Temporal  crest,  vii.  229 
Temporal  lobes,   diagno.sis  of  tu- 
mors of,  ii.  447 
Temporal  muscle,  anomalies  of,  vi. 

43 
Tem.poralis  minor  muscle,  vi.  43 
Temporo-maxillary  articulation, 

diseases  of,  v.  258,  377 
Temporo-maxillary  vein,   anom- 
alies of,  viii.  303 
Temulentic  acid,  vi.  701 
Temuline,  vi.  701 
Tenaculum,  iv.  465 
Tenderness,  a  sign   of  cancer,   ii. 
638 
points  of,  in  joint  lesions,  ii.  138 
Tendo  Achillis,  v.  481 

division  of,  in  talipes,  iv.  337 
strain  of,  iv.  316 
Tendon  reflex,  see  Knee-jerk  and 

liefle.ven,  dinu-id 
Tendons    and    tendon    sheaths, 
acute  suppuration  of,  vii.  664 
adherent,  of  hand   and  fingers, 

iv.  516 
cysts  in,  iii.  350 
dislocation  of,  i.  468;  vii.  665 
histology  of,  iii.  254 
injuries  and  diseases  of,  i.  468; 

vii.  663 
open  wounds  of,  vii.  665 
operations  on,  vii.  665 
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Tendons    and    tendon    sheaths, 
paralysis  of  extensor  commu- 
nis and  peronei,  vii.  668 
of  gastrocnemius,  vii.  668 
of  tibialis  anticus  and  tibialis 
posticus,  vii.  665 
rupture  of,  i.  468 
splicing,  iv.  238 
subcutaneous  rupture,  vii.  665 
suppuration  of,  vii.  664 
termination   of  muscular  fibres 

in,  vi.  12 
transplantation,    for     relief    of 

paralytic  talipes,  iv.  237 
tuberculosis  of,  vii.  664 
Tenesmus,  on  urination,  viii.  484 
Tennessee,  history  of  yellow  fever 
in,  viii.  588 
requirements  for  medical  prac- 
tice in,  iv.  48 
Tenonitis,  vi.  400 
Tenon's  capsule,  iv.  65 
dropsy  of,  vi.  406 
inflammation  of,  vi.  400 
Tenosynovitis,  vii.  664 
acute,  vii.  664 
chronic,  vii.  664 
of  the  hand,  Iv.  516 
of  the  upper  extremity,  i.  468 
Tenotomy,    subcutaneous,    in   tali- 
pes, iv.  226 
Tension,    muscular.    In   appendi- 
citis, i.  423 
Tensor  fasciae  plantaris,  vi.  58 
Tensor  palati  muscle,  viii.  107 
Tensor  trochlese,  vi.  43 
Tensor  tympani  muscle,  i.  619 
Tensor  vaginae  femoris  muscle, 
vii.  737 
anomalies  of,  vi.  56 
Tenth  nerve,  iii.  318 
Tentorium,  ii.  211 
Tents  and  camps,  v.  809 
Teplitz,  viii.  690 
Teratoid  cysls,  vii.  730 

tumors,  vii.  719 
Teratology,  vii.  668 

abnormal  development  affecting 
the  entire  embryonic  area,  vii. 
673 
abnormalities   of    position,    vii. 

673 
abrachius,  vii.  714 
acardiac  monsters,  vii.  679 
acardius,  vii.  678 
acephalus,  vii.  678,  681 
acormus,  vii.  680 
acranius,  vii.  697 
amelus,  vii.  714 
amorphus,  vii.  679,  683 
amyelus,  vii.  695 
ankyloblepharon,  vii.  699 
anophthalmus,  vii.  699 
aprosopus,  vii.  700 
apus,  vii.  714 
arhinenceplialus,  vii.  699 
astomus,  vii.  701 
Bohemian  twins,  vii.  683 
Brazilian  sisters,  vii.  686 
Carolina  twins,  vii.  682 
causation,  vii.  670 
cephalo-thoracopagus,  vii.  685 
cheilo  -  gnatho  -  prosoposchisis, 

vii.  701 
cheilo-gnatho-schisis,  vii.  700        i 
cheilo-gnatho-urauoschisis,   vii 

700 
cheiloschisis,  vii.  700 


Teratology,  classification,  vii.  673 
craniopagus,  vii.  684 

parasiticus,  vii.  685 
cranio-rachischisis,  vii.  697 
cranioschlsis,  vii.  671,  697 
cryptophthalmus,  vii.  699 
cyclocephalus,  vii.  698 
cyclopia,  vii.  671,  699 
cyclostomus,  vii.  699 
cyclotus,  vii.  699 
defects  due  to  arrested  develop- 
ment of  cranial  vault,  vii.  697 
diagnathus,  vii.  701 
diastematomyelia,  vii.  697 
dicephalus,  vii.  684 
diprosopus,  vii.  684 

diophthalmus,  vii.  684 
monostomus,  vii.  684 
tetrophthalmus,  vii.  684 
triophthalmus,  vii.  684 
dipygus,  vii.  689 

parasiticus,  vii.  688,  689 
double  monsters,  vii.  675,   683; 

and  see  Duplicities 
duplicitas  isarallela,  vii.  685 
duplicities,  vii.  674 

acardiac  monsters,  vii.  679 
asymmetrical,  vii.  689 
classification  of,  vii.  677 
etiology,  vii.  676 
middle  union,  vii.  685 
parasitic,  origin  of,  vii.  693 
posterior,  vii.  684 
production,  mode  of,  vii.  687 
symmetrical,  vii.  627 
theories  accounting  for,  vii. 

675 
unequal      monochorionic 
twins,  vii.  678 
encranius,  vii.  690 
epignathus,  vii.  690 
exencephalus,  vii.  697 
gastroschisis,  vii.  702 
hemiacardius,  vii.  679 
hemicrania,  vii.  697 
hermaply-oditism,  vii.  711 
history,  vii.  668 
holoacardius,  vii.  679 
holorachischisis,  vii.  695 
Hungarian  sisters,  vii.  683 
hydrocephalus,  vii.  698 
ileotlioracopagus,  vii.  683 
iniencephalus,  vii.  698 
ischiopagus,  vii.  683 

parasiticus,  vii.  683 
ischiothoracopagus,  vii.  688 

tetrabrachius,  vii.  683 
janus  asymmetros,  vii.  685 

symmetros,  vii.  685 
Laloo",  vii.  688,  689 
macrocardius,  vii.  679 
macrosomia,  vii.  673 
macrostomus,  vii.  701 
malformations,     frequency    of, 
vii.  673 
hermaphroditic,  vii.  711 
of  the  abdomen,  vii.  702 
of    the  circulatory  organs, 

vii.  706 
of  the  diaphragm,  vii.  703 
of  the  digestive   tract,  vii. 

703 
of  the  external  sexual  or- 
gans, vii.  710 
of  the  extremities,  vii.  713 
of  the  face,  vii.  699 
of  the  heart,  vii.  706 
of  the  integument,  vii.  717 
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Teratology,  malformations  of  the 
neck,  vii.  699 
of  the  organs,  vii.  695 
of  tlie  resj)iratory  tract,  vii. 

705 
of  tlie   sexual    glands  and 

ducts,  vii.  709 
of  the  thorax,  vii.  703 
of  the  urogenital  organs,  vii. 
707 
Marie-Rose  Drouin,  vii.  684 
maternal  impressions,  vii.  673 
merorachischisls,  vii.  695 
micrencephalus,  vii.  698 
microbrachius,  vii.  714 
microoardius,  vii.  679 
microcephalus,  vii.  698 
micrognathus,  vii.  701 
micromelus,  vii.  714 
microphthalmus,  vii.  699 
micropus,  vii.  714 
microsomia,  vii.  673 
■microstomus,  vii.  701 
monobrachius,  vii.  714 
monopus,  vii.  714 
multiplicities,  vii.  688 
nanocephalus,  vii.  698 
paracephalus,  vii.  678 
parasites,  abdominal,  vii.  693 
cephalic,  vii.  690 
cervical,  vii.  691 
engastric,  vii.  693 
sacral,  vii.  691 
thoracic,  vii.  691 
parasitic  monsters,  vii.  689 
perobrachius,  vii.  714 
perodactj'lism,  vii.  715 
peromelus,  vii.  714 
peropus,  vii.  714 
phocomelus,  vii.  714 
polydactylism,  vii.  716 
porencephalus,  vii.  698 
pseudocardius,  vii.  679 
pygopagus,  vii.  683 
rachischisis,  vii.  695 
cystica,  vii.  695 
Ritta-Christina,  vii.  684 
Siamese  twins,  vii.  685 
Siren,  vii.  715 
spina  bifida,  vii.  695 
cystica,  vii.  696 
occulta,  vii.  697 
sternopagus,  vii.  686 
symmelus,  vii.  671,  715 
sympus  apus,  vii.  715 
dipus,  vii.  715 
monopus,  vii.  715 
syncephalus,  vii.  685 
syndactylism,  vii.  715 
synoplithalmus,  vii.  699 
synotus,  vii.  699,  701 
tetrabrachius,  vii.  683 
tl;oracogastroschisis,  vii.  703 
thoracopagus,  vii.  685 
thoracoschisis,  vii.  703 
tricephalus,  vii.  688 
triple  monsters,  vii.  689 
xiphopagus,  vii.  685 
Teratoma,  vii.  719,  909 
autochthonous,  vii.  734 
congenital,  vi.  381 
cysts,  complex,  vii.  731 

simplex,  vii.  730 
malignant,  vi.  381 ;  vii.  724 
of  the  ovary,  vii.  733;  viii.  581 
of  the  testis,  vii.  723:  vni.  581 
of  the  Wofflan  body,  viu.  581 
treatment,  vii.  734 


Terbromide  of  formyl,  ii.  487 
Terebene,  vii.  725 
Terebinthina,  vii.  913 
Terebinthinacese,  i.  271 
Teres  major  m.uscle,  anomalies  of, 

vi.  51 
Teres  minor  muscle,  anomalies  of, 

vi.  51 
Terpineol,  vii.  725 
Terpin  hydrate,  vii.  725 

as  an  expectorant,  iv.  51 
Terpinol,  vii.  735 
Tessin,  Pharmacopoeia  in,  vi.  586 
Testamentary  capacity  of  insane, 

V.  77 
Testicle,  iv.  334 

absence  of  the,  vii.  709 
adenoma  of  the,  i.  115 
anatomy  of  the,  iv.  334 
anomalies  of  the,  vii.  179 
atrophy  of  the,  vii.  180 
cancer  of  the,  ii.  639 
contusions  of  the,  vii.  180 
coverings  of  the,  iv.  334 
cysts  of  the,  iii.  351 
dermoid  cysts  of  the,  viii.  581 
descent  of  the,  iv.  318,  319,  334 
ectopic,  vii.  179 
effect  of  removal  of  the,  vi.  415 
extract  of,  vi.  415 

therapeutics  of,  vi,  415 
gangrene  of  the,  vii.  180 
hypertrophy  of  the,  vii.  180 
inflammation  of  the,  vii.  180, 183 
injuries  of  the,  vii.  180 
In  the  perineum,  vi.  567 
irritable,  vii.  180 
luxation  of  the,  vii.  180 
lymphatics  of  the,  v.  636 
malforinations  of  the,  vii.  709 
neuralgic,  vii.  180 
phlegmon  of  the,  vi.  616 
retained,  vii.  179 
syphilitic  lesions  of  the,  vii.  625 ; 

vii.  184 
teratoma  of  the,  vii.  733;  viii.  581 
tuberculosis  of  the,  vii.  903 ;  vii. 

183 
tumors  of  the,  vii.  184 
wounds  of  the,  vii.  180 
Testicular  extract,  vi.  415 
Test-letters,  in    geometrical    pro- 
gression, vi.  393 
Test-meals,  vii.  489 
Tests  for  albumin  in  the  urine,  viii. 
30 
for  acetone  in  urine,  i.  66,  67 
for  bile,  i.  754 
for  bilirubin,  v.  345 
for  diacetic  acid,  iii.  430 
lor  globulin  in  urine,  viii.  31 
hydrostatic,  i.  673 
Tetanilla,  vii.  737 ;  and  see  Tetany 
Tetanin,  ptomal'n,  vi,  790 
Tetanotoxin,  ptomain,  vi.  790 
Tetanus,  vii.  735 

amputation  in.  i.  337 
antitoxin,  i.  389 
bacillus,  i.  698,  719 
bacteriological  diagnosis  of,  viu, 

443 

dyspnoaa  in,  iii,  580 

hand  in,  iv,  533 

in  animals,  a  cause  of  unwhole- 
some milk,  V,  836 

neonatorum,  vi,  381  _ 

serum  therapy  in,  vii.  133 
Tetany,  vii.  727 


Tetany,  an  auto-intoxication,  i.  643 

the  hand  in,  iv.  532 
T§te  carree,  vi.  977 
Tetra  -  allyl  -  ammonium    alum, 

vii.  739 
Tetrabrachius,  vii.  683 
Tetrachlormethane,  ii.  665 
Tetracoccus,  i.  680,  709 
Tetra-ethyl-ammonium-hydrox- 

ide,  vii.  729 
Tetra-iodo-di-chlor  -salicylic 

acid,  vii.  729 
Tetraiodophenolphthalein,  v.  308 
Tetra-iodo-pyrrol,  v.  207,  209 
Tetramethylenediamin,  ptomain, 

vi.  785 
Tetramethylthionine  chloride,  v. 

782 
Tetronal,  vii.  881 

poisoning  by,  see  SyntJieiic  prod- 
ucts, toxicology  of 
Tetronerythrin,    an    animal    pig- 
ment, iii.  335 
Tetter,  iii.  708 
Teucrium,  v.  379 

chamsedrys,  v.  379 
Texas,  vii.  729 

cattle  fever,  detection  of,  v.  726 

fever,  see  Arachnida 

history  of  yellow  fever  in,  viii. 

588 
requirements  for  medical  prac- 
tice in,  iv.  48 
sarsaparilla,  v.  859 
screw-worm,  in  nasal  cavitiei 
vi.  143 
Texas  Sour  Springs,  vii.  730 
Textile    industries,    dangers     ol 

working  in,  vi.  384 
Thalamus  of  brain,  relation  to  lat- 
eral ventricles,  ii.  176 
opticus,  see  Brain 
relation  to  paracele,  ii.  176 
Thallin,  effect  of,  upon  body  tem- 
perature, ii.  571- 
Thalline,  vii.  730 

sulphate,  vii.  730 
Thallium,  vii.  730 
Thalmann's  agar,  viii.  411 
Thanatol,  iv.  435 
Thapsia,  viii.  1 

garganica,  viii.  1 
Thea,  bohea,  vii.  644 
camellia,  ii.  545 
japonica,  vii.  645 
sinensis,  ii.  545;  vii.  644 
viridis,  vii.  644 
Thebaicine,  vi.  385 
Thebaine,  vi.  385,  386 
Thebenine,  vi.  385 
Theca  foUiculi,  vi.  451 

of  dura,  ii.  211 
Thecitis,  purulent,  i,  469 
Thecosoma  hssmatobium,  vii,  872 
Theine,  ii,  545,  546 
Thelyotoky,  vi,  514 
Thelyphonus,  v,  159 
Theobald's  lachrymal  probe,  v. 

399,  400 
Theobroma,  ii.  531 ;  and  see  Cacao, 
oil  of 
cacao,  ii.  531 
oil  ol,  ii.  531 
Theobromine,  ii,  531 

diuretic  action  of,  iii.  548 
Theobromine-lithium  salicylate, 

see  Urox)lierin 
Theocin,  vii.  731 
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Theopliylline,  vii.  731 

Thom.as  wrench,  iv.  323 

Trombosis,  sequelsB,  iii.  133 

Therapeutics,  suggestive,  viii. 

618 

Thomasville,  Ga.,  vii.  743 

treatment,  vii.  764 

Theraphosids,  1.  428 

Thompson's    solution    of  phos- 

varieties of,  vii.  757 

Tliermsesthesiometer,  i.  137 

phorus,  vi.  621 

Thrombus,  arterial,  vii.  761 

Thermal  Acid  Springs,  vii.  731 

Thomsen's  disease,  vi.  28 

canalization  of,  i.  541 

Thermal  waters,  v.  849 

due  to  auto-intoxication,  i.  644 

capillary,  vii.  761 

American,  v.  849 

Thoracic  aorta,  aneurism  of,  ii.  825 

fate  of,  vii.  759 

European,  v.  850 

Thoracic  duct,  v.  645;  vii.  743 

fibrin,  vii.  757 

Thermic  fever,   iv.   617;    and 

see 

anatomy  of,  v.  645 ;  vii.  743 

formation  of,  i.  539 

Meat-stroke 

anomalies  of,  vii.  745 

hyaline,  vii.  757 

Thermin,  vii.  732 

patliology  of,  vii.  744 

leucocytic,  vii.  757 

Thermo-ansesthesia,  definition  of. 

thrombosis  of,  vii.  745 

localization  of,  vii.  760 

i.  282 

tuberculosis  of,  vii.  746 

mode  of  development  of,  vii.  759 

Thermodin,  vii.  732 

wounds  of,  V.  666 

red,  vii.  757 

Thermo-electric    apparatus, 

for 

Thoracic  wall,  phlegmon  of,  vi,  616 

venous,  vii.  761;  viii.  314 

measuring    animal    temperatures, 

Thoraco-gastroschisis,  vii.  702 

white,  vii.  757 

vii.  733 

Thoracopagus,  vii.  685 

Thrush,  viii.  580 

Thermograph,  vii.  733 

Thoracoplasty,  vii.  755 

of  the  oesophagus,  vi.  843 

Thermometers,  vii.  732 

Thoracoschisis,  vii.  703 

of  the  vulva,  viii.  161 

application  of,  vii.  732 

Thorax,  vii.  747 

Thuja,  i.  438 

avitreous,  vii.  782 

contents  of,  vii.  748 

articulata,  vii.  19 

clinical,  vii.  732 

contusions  of,  vii.  753 

occidentalis,  i.  488 

description,  vii.  732 

deformities    of,   determined   by 

orien  talis,  i.  438 

graduation  of,  vii.  733 

cyrtometei',  iii.  341 

Thumb,  iv.  487 

history,  vii.  73^ 

distended,  ii.  811 

amputation  of  the,  i.  350 

use  of,  in  diagnosis,  vii. 

734 

emphysematous,  ii.  811 

dislocations  of  the,  iii.   523 ;  iv. 

use  of,  in  prognosis,  vii. 

735 

inflated,  ii.  811 

513 

use  of,  in  treatment,  vii. 

735 

injuries  of,  vii.  753 

Thus,  vi.  355 

metastatic,  vii.  733 

a  cause  of  death,  i.  670 

Americanum,  vii.  913 

surface,  vii.  733 

in  medico-legal  autopsy,  i.  659 

Thymacetin,  vii.  764 

Therm.ometric  scales,  comparison 

lymphatic  glands  of,  v.  644 

Thyme,  vii.  764 

of  Fahrenlieit  and  Centigrade 

iv. 

lymphatics  of,  v.  641 

garden,  vii.  764 

133 

malformations  of,  vii.  703 

wild,  vii.  765 

Thermometry,  medical,  vii.  735 

^ 

muscles  of,  anomalies  of,  vi.  61 

Thymegol,  iii.  737 

Therm.o-regulators,  viii.  424 

nerves  of,  vii.  751 

Thymic  asthma,  and  status  lym- 

Thiersch's  operation,  rliinoplastj'. 

section  of,  in  new-born,  vi.  375 

phaticus,  vii,  448 

vi.  906 

surgery  of,  vii.  753 

Thymoform,  iv.  246 ;  vii.  765 

Thigh,  vii.  735 

veins  of  the,  vii.  751 

Thymol,  i.  163;  vii.  765 

amputation  of,  i.  263 

wounds  of,  vii.  753 

as  an  anthelmintic,  i.  362 

lymphatics  of  the,  v.  633; 

vii. 

Thomapple,  vii.  534 

as  a  germicide,  iv.  336 

736 

poisonous,  i.  610 

carbonate,  vii.  765 

Thilanin,  vii.  741 

Thoroughwort,  vii.  756 

ehlor-methyl-salicylate,  vii.  765 

Thiocol,  iv.  435 ;  vii.  741 

Thread-worms,  i.  363 

iodide,  i.  449 

Thiocyanates,  vii.  558 

Three  Springs,  vii.  757 

urethane,  vii.  766 

Thioform,  vii.  741 

Throat,  bacilli  in,  iii.  481 

used  for  tapeworm,  i.  363 

Thiogenol,  vii.  741 

examination  of,  v.  421 

Thymotal,  vii.  765 

Thiol,  vii.  741 

herpes  of,  vi.  591 

Thymus  gland,  v.  728;  vii.  760 

Thiolinic  acid,  vii.  741 

Thrombase,  iii.  843 

anatomy  of  the,  v.  728;  vii.  766 

Thiolum  liquidum,  vii.  741 

Thrombin,  iii.  843 

atrophy  of,  v.  728 

siccum,  vii.  741 

in  coagulation  of  blood,  iii.  151 

cysts  of  the,  v.  739 

Thiophene,  vii.  741 

Thrombo-arteritis,  ii.  97 

development  of  the,  viii.  691 

diiodide,  vii.  742 

Thrombo-phlebitis,  ii.  97;  viii.  310 

dose  of,  vi.  413 

Thio-resorcin,  vii.  743 

gangrasnosa,  viii.  213 

embryology  of,  vii.  766 

Thio-salicylic' acid,  vii.  742 

organisatoria,  viii.  313 

enlargement  of,  v.  728 

Thiosapol,  vii.  743 

purulenta,  viii.  311 

extract  of,  vi.  413 

Thiosavonal,  vii.  743 

suppurativa,  viii.  311 

histology  of  the,  vii.  767 

Thiosinamine,  vii.  743 

Thrombosis,  iii.  123;  vii.  757 

inflammation  of  the,  v.  729 

Thiosulphates,  vii.  557 

causes  of,  iii.  133 

in  status  lymphaticus,  vii.  446 

Third  nerve,  iii.  325 

cerebral,  ii.  396 

pathology  of  the,  vii.  769 

Thirst,  vii.  741 

symptoms  of,  ii.  396 

persistence  of  the,  v.  728 

in  diabetes  mellitus,  iii.  428 

chemico-physics  of,  vii.  758 

physiology  of  the,  vii.  769 

sensation  of,  vii.  120 

in  the  new-born,  vi.  381 

removal  of  the,  vi.  413 

Thiry-Vella    fistula,    see    Sueeus 

in  the  upper  extremity,  i.  470 

retrogression  of  the,  vii.  768 

entencus 

of  the  cerebral  sinuses,  ii,  415 

syphilis  of  the,  v.  739 

Thiuret,  vii.  743 

of  the  central  artery  of  retina,  vi. 

therapeutics  of,  vi.  413 

Thoma's  frog  plates,  iv.  703 

954 

tuberculosis  of  the,  v.  739 

hip  splint,  V.  278 

of  the  central  vein  of  retina,  vi. 

Thymus  serpyllum,  vii.  765 

knee  splint,  v.  286 

953 

vulgaris,  vii.  764 

linock-ltnee  brace,  v.  373 

of  the  heart,  iv.  614 

Thyro-ajytenoid  muscle,  v.  409 

method  of  suturing  in  fracture 

of  tlie   lateral  sinus,  diagnosed 

Thyro-epiglottic  ligament,  v.  408 

of  lower  jaw,  v.  253 

from  intracranial  abscess,  ii. 

Thyro-hyoid  ligaments,  v.  408 

shoe  for  metacarpal  disease 

V. 

413 

Thyro-hyoid  muscle,  v.  409 

289 

of  the  placenta,  iii.  53 

anomalies  of,  vi.  45 

•sliding  microtome,  iv.  713 

of    the    sigmoid    sinus,    septic. 

Thyroid  artery,  inferior,  anomalies 

Thoma-Zeiss   corpuscle     counting 

operation  for,  v.  713 

of,  i.  538 

apparatus,  ii.  42,  43 

of  the  thoracic  duct,  vii.  745 

middle,  i.  536 

"Thomas,"  TJ.  S.  Army  trans- 

of the  veins,  viii.  314 

superior,  anomalies  of,  i.  527 

port,  section  of,  i.  619,  520 

phlebo-,  viii.  310 

Thyroid  axis,  anomalies  of,  i.  528 
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Thyroid    cachexia,    see    Thyroid 

(/land 
Thyroid  extract,  vi.  409;  and  see 

Oryanotlievapy 
Thyroid  gland,  iv.    377,  384;  vi. 
197;  vii.  770;  and  sec  Ooitre, 
Oretinism,  and  Myxedema. 
accessory,  iv.  378,  385;  vi.  506; 

vii.  775 
active  principle  of  the,  vi.  410 
adenoma  of,  i.  115;  iv.  381,  383 
administration  of,  vi.  409 
anatomy  of ,  iv.  376 ;  vi.  197;  vii. 

770 
as  a  source  of  auto-intoxication, 

i.  646 
atropliy  of  the,  vji.  775 
cartilage,  v.  407 
changes  in,  vii.  775 
chemistry  of  the,  vii.  773 
circulatory  disturbances  of  the, 

vii.  775 
colloid  of,  iii.  199 
congestion  of  the,  iv.  380 
cystic  degeneration  of,  iii.  350 
cysts  of,  iii.  350 
dermoid  cysts  of,  v.  730 
desiccated,  symptom  of  overdose 

of,  V.  144 
development  of,    vii.    771 ;  viii. 

694 
dose  of,  vi.  410 
echinococcus  of,  iv.  389 
effect  of,  upon   metabolism,  v, 

775 
enlargements  of  the,  vi.  281 ;  and 

see  Struma 
extract,  vi.  409 
function  of  the,  vi.  409 
functional  relation  to  parathy- 
roids, vi.  507 
histology  of,  vii.  771 
hypertrophy  of,  iv.  381 
in  chondrodystrophia,  viii.  426 
in  dvparfism,  viii.  426 
infections  of,  vii.  776 
intralaryngeal,  iv.  385 
pathology  of,  vii.  774 
physiology  of,  iv.  378 ;  vii.  773 
preparations  of,  vi.  410 
relation  of,  to  cretinism,  iv.  391, 

395 
removal  of  the,  vi.  86,  409 
secretions  of  the,  iv.  377;  vii,  101 
syphilis  of,  iv.  389 
therapeutics  of,  vi.  410 
tuberculosis  of,  iv.  389 
tumors  of,  iv.  381;   v,  730;  vii. 
776 
Thyroid  treatment  of  obesity,  i. 

135 
Thyroid     vein,     middle,     surface 

marking  of,  vi.  191 
Thyroidectomy,  iv.  397 
Thyroidism,  vi.  409 
Thyroiodin,  vi.  410 
Thyrolingual  cysts,  vi.  300 
duct,  patent,  vii.  775 
fistulEE,  vi.  200 
Thyrolytic  serum,  viii.  539 
Thyrotomy,  vii.  833;  and  see  Tra- 

chsotomy 
Tibia,  congenital  anterior  displace- 
ment of,  iv.  698 
fracture  of,  iv.  367 
peculiarities  of,  v.  476,  477 
Tibial  artery,  anterior,  v.  479 
anomalies  of,  i.  535 


Tibial  artery,   anterior,    compres- 
sion of,  i.  537 
posterior,  v.  481 

anomahes  of,  i.  535 
compression  of,  i.  537 
Tibial  nerve,  anterior,  v.  479 
Tibialis  anticns  muscle,  anomalies 

of,  vi.  57 
Tibialis  posticus  muscle,  anom- 
alies of,  vi.  59 
Tibialis  secundus  muscle,  vi.  59 
Tibio-accessorius  muscle,  vi.  58 
Tibio-astragalus    anticus    mus- 
cle, vi.  57 
Tibiocalcanean  joint,  resection  of, 

vi.  926 
Tibiofascialis  anticus  muscle,  vi. 

57 
Tic  douloureux,  vi.  345 
Tick  fever  or  spotted  fever,  viii. 

697 
Ticks,  i.  435 

African,  i.  436 
American  dog,  i.  436 
Creole,  i.  437 
Senegal,  i.  436,  437 
Tics,  electro-therapeutics  in,  iii.  760 
Tidal  wave  of  pulse,  vi.  798 
Tigretier,  iii.  43 

Tigroid,  disintegration  of  the,  vi. 
264 
gi-anules,  vi.  386 
Tigrolysis,  v.  301;  vi.  201,  264 

varieties  of,  vi.  368 
Tilia,  V.  515 

flowers,  V.  515 
Tillandsia  usneoides,  ii.  483 
Timbre,,  i.  613 
Tin,  poisoning  by,  vii.  786 
Tincture,  v.  739 

compound,  of  aconite,  i.  84 
of  aloes,  i.  194 
of  aloes  and  myrrh,  i.  194; 

vi.  85 
of  benzoin,  i.  725,  746 
of  catechu,  ii.  739 
of  cinchona,  iii.  89 
of  gentian,  iv.  338 
Huxham's,  iii.  89 
of  arnica  flovfers,  i.  531 

root,  i.  521 
of  asafetida,  i.  562 
of  belladonna,  i.  748 
of  benzoin,  i.  746 
of  bitter  orange  peel,  vi,  398 
of  blood-root,  ii.  73 
of  bryonia,  ii.  499 
of  Calabar  bean,  ii.  349 
of  Canada  snakeroot,  vii,  254 
of  cannabis  indica,  ii.  649 
of  cantharides,  ii.  653 
of  capsicum,  ii.  654 
of  cardamom,  ii.  687 
of  chamomile,  ii.  795 
of  chirata,  ii.  835 
of  chloride  of  iron,-  v.  237 

germicidal  action  of,  iv,  3IJ3 
of  cimicifuga,  iii.  88 
of  cinchona,  iii.  89 
of  cinnamon,  iii.  94 
of  colchicum,  iii.  192 
'        of  columbo,  iii.  226 

of  cypripedium,  iii.  340 

of  digitalis,  iii.  478 

of  flowering  dogwood,  iii.  550 

of  gelscmium,  iv.  315 

of  ginger,  iv.  353 

of  guaiac,  iv.  433 


Tincture  of  hops,  iv.  736 
of  hyoscyamus,  iv.  638 
of  ignatia,  iv.  843 
of  iodine,  v.  204 
of  ipecac  and  opium,  v.  213;  vi. 

387 
of  kino,  V.  362 
of  kola,  V.  376 
of  lactucarium,  v.  403 
of  larch,  v.  405 
of  lobelia,  v.  566 
of  matico,  v.  714 
of  musk,  vi.  67 
of  myrrh,  vi.  85 
of  nutgall,  vi.  307 
of  nux  vomica,  vi.  308 
of  olibanum,  vi.  355 
of  opium,  vi.  836 
o*  Dellitory,  vi.  522 
of  Pulsatilla,  vi.  797 
of  quassia,  vi.  827 
of  rhatany,  vi.  964 
of  rhubarb,  vi.  974 
of  rhus  toxicodendron,  v.  339 
of  safEron,  vi.  243 
of  sanguinaria,  ii.  73 
of  serpentaria,  vii.  355 
of  squill,  vii.  434 
of  stramonium,  vii.  535 
of  sumbul,  vii.  564 
of  sweet  orange  peel,  vi.  398 
of  tolu,  i.  725 
of  valerian,  viii.  181 
of  vanilla,  viii.  182 
of  veratrum  viride,  iv.  626 
Warbur-g's,  i.  378 
Tinctures  of  fresh  herbs,  v.  739 
Tinder,  i.  138 
Tinea  barbaa,  vii.  783 
circinata,  vii.  783 

and  eczema,  differential  di- 
agnosis of,  iii.  714 
corporis,  vii.  783 
favosa,  vii.  780 

and     eczema,      difEerential 
diagnosis  of,  iii.  723 
imbricala,  vii.  783 
sycosis,  vii.  783 
tonsurans,  vii.  783 
treatment  of,  vii.  784 
tricophytina,  vii,  781 

diagnosed  from  seborrhcea, 
vii.  89 
unguium,  vii.  783 
versicolor,  vii.  783 

and  eczema,  difEerential 
diagnosis  of,  iii.  715 
Tineas,  the,  vii.  780 
Tinkle,  metallic^,  vi.  888 
Tinnitus  aurium,  vii.  784 

in  ear  diseases,  iii.  659 
Tinnitus,  nervous,  iii.  603 
Tinospora,  v.  859 

cordifolia,  v.  859 
Tissue,  adenoid,  iii.  254;  v.  657 
areolar,  iii.  354 
changes  in,  during  starvation,  v. 

768 
connective,  ii.  351 
effect  of  salt  solutions  on,  viii.  418 
growth  a  function  of,  iv.  415 
.infiltration,  iv.  873 
interstitial,  iii.  83'4 
irritability  of,  v.  331 
lymphoid,  iii.  354;  v.  657 
muscular,  see  Munde 
resistance  of,  to  septic  infection, 
iii.  534 

901 


Tissue. 
Trictliylamin. 


GENERAL  INDEX. 


Tissue,  technique  for  studying,  iv. 

703 
Toadstools,  iv.  283 

poisoning  by,  post-mortem  ap- 
pearances, i.  664 
Tobacco,  vii.  787 

effect  of  inhaling  the  dust  of,  vi. 

335 
headache  from  use  of,  iv.  548 
Indian,  v.  566 
mountain,  i.  530 
physiological  actions,  vii.  788 
poisoning  by,  vii.  788 
workers  in,  liealth  of,  vi.  3S5 
Toenail,  ingrown,  v.  18 
Toes,  amputation  of,  i.  255 
great,  painful,  iv.  213 
hammer,  iv.  315 
overlapping,  iv.  315 
pigeon,  iv.  214 
Toison's  solution,  ii.  43 
Tokelan  ringworm,  vii.  783 
Tolenas  Springs,  vii.  791 
Tolerance,  iv.  843 
Tolipyrine,  vii.  793 
Toluifera  balsamum,  i.  735 

pereirae,  i,  734 
Tolysal,  vii.  792 
Tones,  fundamental,  i.  618 
musical,  i.  613 
pitch  and  loudness  of,  i.  613 
production  of.  i.  613 
resultant,  i.  615 
Tongue,  abnormal  mobility  of,  vii. 
794 
abscess  of,  vii.  795 
absence  of,  vii.  793 
actinomycosis  of,  vii.  795 
amputation  of,  vii.  800 
ansssthesia  of,  vii.  794 
artificial    discolorations  of,   vii. 

793 
atrophy  of,  vii.  793 
bifid,  vii.  794 
black,  vii.  796 
burns  of,  vii.  796 
carcinoma  of,  ii.  635 ;  vii.  799 
operations  for,  ii.   635;  vii. 

800 
palliative  treatment  of,  vii. 
805 
chancre  of,  vii.  795 
coating  of,  vii.  793 
color  of,  vii.  792 
condylomata  of,  vii.  795 
deformities  of,  vii.  793 
diseases  of,  vii.  793 
erysipelas  of,  vii.  795 
excision  of,  vii.  801 

after-treatment,  vii.  804 
dangers  of,  vii.  804 
division  of  the  jaw  in,  vii. 

803 
lingual  nerve,  vii.  805 
list  of  operations,  vii.  803 
results,  vii.  804 
various  methods,  vii.  801 
form  of,  vii.  793 
functional  disturbances  of,  vii. 

794 
gumma  of,  vii.  795 
hemiatrophy  of,  vii,  793 
herpes  of,  vii.  796 
hyperffisthesia  of,  vii.  795 
hypertrophy  of,  vii.  794 
in  diseases  of  the  stomach,  vii. 
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inflammation  of,  vii.  795 


Tongue,  injuries  of,  vii.  796 

insect  stings  of,  vii.  797 

keloid  of,  vii.  796 

lepra  of,  vii.  796 

lichen  planus  of,  vii.  796 

lupus  of,  vii.  796 

lymphangioma  of,  i.  353 

lymphatics  of,  v.  639 

malformations  of,  vii.  703 

moisture  of,  vii.  793 

movements  of,  v.  710;  vii.  798 

nigrities  of,  vii.  796 

papilloma  of,  vii.  797 

paralysis  of,  iv.  834 

pemphigus  of,  vii.  796 

prolapsus  of,  vii.  794 

removal  of,  vii.  800 

scalds  of,  vii.  797 

stretching  of  lingual  nerve,  vii. 
805 

surface  of,  vii.  793 

surgery  of,  vii.  796 

syphilitic  diseases  of,    vii.  633, 
795,  799 

tonsil  of,  vii.  826 

tuberculosis  of,  vii.  799 

tumors  of,  vii.  798 

ulcers  of,  vii.  798,  947 

vascular  tumors  of,  vii.  798 

volume,  vii.  793 

wounds  of,  vii.  797 
Tongue  depressor,  vi.  108 
Tongue-holding  forceps,  iii.  12 
Tongue-tie,  vii.  797;  viii.  583 
Tonics,  vii.  805 

cardiac,  ii.  696 

cold  as,  iii.  193 

in  insanity,  v.  73 
Tonite,  an  explosive,  vii.  910 
Tonka  bean,  camphor,  iii.  338 

to  mask  the  smell  of  iodoform, 
V.  307 
Tonometer  of  Gaertner,  vi.  803 
Tonsillar  calculi,  iii.  333 

diet  in,  iii.  456 
Tonsillitis,  vii.  811 

chronic,  vii.  815 

classification,  vii.  813 

cold  for,  iii.  194 

differential  diagnosis,  vii.  815 

duration,  vii.  813 

etiology,  vii.  813 

follicular,  vii.  813 

pathology,  vii.  811 

prognosis,  vii.  813 

symptoms,  vii.  813 

treatment,  vii.  814 

varieties,  vii.  812 
Tonsillotomes,  vii.  818 
Tonsillotomy,  vii.  818 

after-treatment,  vii.  820 

anaesthetics  in,  vii.  819 

hemorrhage  after,  vii.  819 

objections  to,  vii.  819 

results  of,  vii.  820 
Tonsils,  vii.  809 

anatomy,  vii.  810 

angioma  of,  vii.  822 

blood  supply  of,  vii.  810 

calculi  in,  i.  159 

carcinoma  of,  vii.  82? 

chancre  of,  vii.  831 

diseases  of,  vii.  811 

fibroma  of,  vii.  822 

foreign  bodies  in,  i.  159 ;  vii.  830 

gumma  of,  vii.  831 

hypertrophy  of,  vii.  815 

inflammation  of,  vii.  811 


Tonsils,  lipoma  of,  vii.  833 
Luschka's,  vii.  823 
lymphatics  of,  v.  629 
lymphoma  of,  vii.  833 
mucous  patches  on,  vii.  831 
of  the  tongue,  vii.  826 
parasites  in,  vii.  830 
pharyngeal,  vii.  833 

removal  of,  vii.  834 
physiology  of,  vii.  811 
removal  of,  vii.  817 
supernumerary,  vii.  810 
sypiiilis  of,  vii.  831 
tuberculous    ulceration  of,    vii. 

831 
tumors  of,  vii.  833 
Tonus  theory  of  knee-jerk,  v.  367 
Tooth,  see  Teeth 
Toothache,  vii.  655 
Tooth-grinding,  in  insanitv,  v.  58 
Topeka  Mineral  Wells,  vii.  837 
Tophi,  in  gout,  iii.  330 
Topo  chico,  vii.  19 
Topography  of  brain,  in  its  surgi- 
cal relations,  ii.  399 
Toponyms,  ii.  137 
Torcel,  v.  153 
Tormentilla,  vi.  1000 
Toronto,  Canada,  vii.  837 
Torsion,  i.  543 

healing  of  arteries  after,  i.  538 
in  arresting  of  hemorrhage,  iv. 

635 
of  arteries,  i.  543 
Torsion  of  ureters,  viii.  11 
Torticollis,  vii.  839 
acquired,  vii.  830 
congenital,  vii.  829 
irregular  forms  of,  vii.  831 
Torula  morbillorum,  v.  731 
Touch,  i.  134;  vii.  319 
Touchwood,  i.  138 ;  vii.  431 
Tourniquets,  i.  239 
abdominal,  i.  3*4 
handkerchief,  iii.  558 
horseshoe,  i.  339 
Morel's,  i.  239 
Petit's,  i.  339 
Tow,  V.  517 
ToxBemia  of  pregnancy,  iv.  344 

drowsiness  in,  iii.  660 
Toxalbumins,  i.  643;  vii.  831 
Toxicodendric  acid,  vi.  696 
Toxicodendrol,  vi.  696 
Toxicodendron,  iv.  17 
Toxins,  i.  643,  684;  vii.  831 
effects  of,  on  foetus,  vi.  279 
for  inoperable  cancer,  ii.  64.5 
nature  of,  viii.  530 
preparation  of,  viii.  444 
relation  to  haemolysis,  viii.  533 
structure  of,  viii.  532 
Toxi-tuberculides,  v.  611 
Toxophore,  viii.  470 
Toynbee's  artificial  tympanic  mem- 
brane, iii.  630 
Trachea,  vi.  198;  vii.  753 
anatomy  of,  v.  576 
atresia  of,  i.  603 
foreign  bodies  in,  i.  160 
fracture  of,  v.  430 
lymphatics  of,  v.  644 
malformation  of,  vii.  705 
measurements  of,  viii.  240 
osteoplastic  closing  of  defect  in, 

ii.  125 
pressure  on,  cause  of  dyspnoea, 
iii.  579 
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Trachea,  spur  of,  v.  576 
stenosis  of,  i.  603 
syphilis  of,  v.  445 
sypliilitic  afiection  of,  vii.  621 
topograpliy  of,  ii.  813 
Traclielorrlia'phy,  vi.  311 

secondary,  vi.  311 
Tracheotomy,  vi.  198;  vii.  833 
advantages  of  intubation  over, 

V.  199 
after-treatment,  vii.  841 
ansestlietics  in,  vii.  837 
anatomical    considerations,    vii. 

836 
cannula,  vii.  837 
care  of  the  cannula,  vii.  844 
catarrhal    inflammation    of    the 

trachea  following,  vii.  843 
complications  of,  vii.  840 
asphyxia,  vii.  840 
displacement  of  trachea,  vii. 

841 
emphysema,  vii.  841 
failure  to  introduce  cannula 

into  trachea,  vii.  841 
faulty    incisions     into    the 

trachea,  vii.  841 
hemorrhage,  vii.  840 
syncope,  vii.  841 
diphtheria  of  the  wound  after, 

vii.  843 
faulty  incisions  into,  complicat- 
ing tracheotomy,  vii.  841 
gangrene  of  the   wound  after, 

vii.  843 
granulations  in  the  trachea  fol- 
lowing, vii.  844 
hemorrhage  in,  vii.  840 
indications  for,  vii.  833 
inferior,  vii.  836,  838 
instruments  for,  vii.  837 
laryngeal  spasm    attending  re- 
moval of  the  cannula,  vii.  845 
median,  vii.  836 
operation,  vii.  838 
phlegmon  of  the  wound  after, 

vii.  843 
position  of  patient  in,  vii.  838 
preliminary    to    other    surgical 

procedures,  vii.  835 
preparations  for  operation,  vii. 

838 
pressure  sores  following,  vii.  843 
pseudo-membranous  exudate  in 

the  trachea  after,  vii.  843 
secondary  hemorrhage  aftei',  vii. 

843 
superior,  vii.  836,  839 
treatment  of  the  wound,  vii.  843 
varieties  of,  vii.  886 
Trachoma,  iii.  344;  iv.  131 
as  a  cause  of  blindness,  ii.  9 
granulations,  iii.  344 
of  the  vocal  bands,  v.  416 
Traction  hook   for  removing  for- 
eign bodies  from  external  auditory 
canal,  iii.  647 
Traction  splints,  v.  380 
Trade  eczema,  iii.  434 
Trades  dangerous  to  health,  vi.  334 

offensive,  vi.  330 
TragS'Canth,  vii.  845 
Trager,  i.  330 
Tragus,  i.  637 

variation  in,  i.  640 
Training,  effect  of,  upon  the  heart, 
iv.  613 
physical,  vii.  846 


Tissue* 
Trlethylamln. 


Training  schools  for  nurses,  vi 

302 
Tramontana,  iii.  140 
Trance,  i.  648 ;  iii.  361 
Transfusion,  ii.  37;  vii.  846 

effect  of,  in  animals  of  different 

species,  ii.  35 
in  hemorrhage,  iv.  636 
Transitional  epithelium,  iii.  855 
Transplantation  metastasis,  v.  778 
of  bone,  indications  for,  ii.  133 
of  organs  and  limbs,  viii.  454 
of  ovary,  vi.  431 
Transportation  of  the  disabled, 
vii.  848 
ambulance,  vii.  851 
by  railway,  vi.  836 
horse  litter,  vii.  849 
in  army  hospital  corps,  i.  491 
on  shipboard,  vi.  187 
wheeled  litter,  vii.  848 
Transposition  of  viscera,  vii.  534, 

673,  858 
Transudates,  iv.  60 
chyliform,  iii.  78 
chylous,  iii.  78 
exudates  and,  iv.  60 
in  cedema,  nature  of,  vi.  335 
Transversalis    abdominis    mus- 
cle, i.  4 
anomalies  of,  vi.  61 
Transversalis    cervicis    anterior 

muscle,  vi.  48 
Transversalis     cervicis    medius 

.  muscle,  vi.  47 
Transversalis  fascia,  i.  4 
Transverse   cervical  vein,  anom- 
alies of,  viii.  303 
Transverse     innominate     vein, 

anomalies  of,  viii.  302 
Transverse  presentations,  v.  393 
Transversus  menti  muscle,  vi.  43 
Transversus  nuchee  muscle,  vi. 

44 
Transversus  orbitae  muscle,  vi. 

43 
Transversus  pedis  muscle,  anom- 
alies of,  vi.  60 
Transversus   pedis    superficialis 

muscle,  vi.  60 
Transversus      perinei      muscle, 

anomalies  of,  vi.  63 
Trapezius   muscle,    anomalies  of, 

vi.  48 
Traps,  in  house  plumbing,  iv.  765 
Trauma,  as  cause  of  bursitis,  ii.  528 
of  carcinoma,  ii.  677 
of  epilepsy,  iii.  849 
of  insanity,  v.  35 
during  pregnancy,  iv.  349 
relation  of,  to  nervous  diseases, 
vi.  238 
Traumatic  pleurisy,  vi.  667 
Traumatol,  vii.  860 
Treacle,  vii.  549 
Tree  of  heaven,   poisonous  plant, 

vi.  706 
Trehalase,  an  enzyme,  iii.  843 
Trematoda,  vii.  860 
Trembles  in  animals,  v.  843 
Tremor  cordis,  iv.  599 
Tremor,  in  brain  tumors,  ii.  439 

in  paralysis  agitans,  vi.  486,  487 
Trendelenburg  tracheal  inhaler, 

iii.  14 
Trendelenburg's  cannula,  v.  434 

rod,  to  control  hemorrhage,  i.  365 
Trentham  Spring,  vii.  874 


Trepanning    or    trephining,    ii. 

407;  vii.  874 

danger  of,  ii.  399 

for  arrested  development,  ii.  436 

indications,  vii.  874 

in  fracture  of  skull,  iv.  560 

operation,  the,  vii.  875 
Trephine,  for  removing  portion  of 

nasal  septum,  vi.  148 
Treponema,  viii.  646 
Treskow's  apparatus  for  measur- 
ing media  into  tubes,  viii.  380 
Triamins,  ptomains,  vi.  786 
Triangles  of  the  neck,  vi.  189 
Triangular  ligament,   in  the  fe- 
male, vi.  567 

in  the  male,  vi.  565 
Triangularis    menti  muscle, 

anomalies  of,  vi,  43 
Triangularis       sterni       muscle, 

anomalies  of,  vi.  60 
Tri-benzol  gallic  acid,  vii.  878 
Tribromophenol,  ii.  488 
Tri-bromphenol-bismuth,  vii.  878 
Tri-brom-salol,  vii.  878 
Tricephalus,  vii.  688 
Triceps  extensor  cubiti,  i.  453 
Triceps  extensor  cubiti  muscle, 

anomalies  of,  vi.  53 
Triceps  muscle,  accessory,  vi.  53 
Trichiasis,  iv.  130 
Trichina  cystica,  vi.  313 

intestinal,  vi.  316 

muscle,  vi.  217,  318 

spiralis,  vi.  317 

in  muscle,  vi.  32 
of  heart,  iv.  583 
Trichinella,  vi.  307,  317 

spiralis,  vi.  317,  504 
Trichiniasis,  see  Trichinosis 
Trichinosis,  vi.  217,  218;  vii.  878 

among   swine,   detection  of,  v. 
737 

blood  changes  in,  ii.  69 

death    from,    post-mortem    ap- 
pearances, i.  665 
Trichloracetic  acid,  vii.  880 

as  a  caustic,  ii.  757 
Trichocephalidae,  vi.  315 
Trichocephalos,  vi.  316 
Trichocephalus  dispar,  vi.  316 

hominis,  vi.  316 

trichiurus,  vi.  216 
Tricholoma,  iv.  284 

personatum,  iv.  384 

sulfureum,  iv.  284 
Trichomonas  caudata,  viii.  648 

elongata,  viii.  648 

flagellata,  viii.  648 

intestinalis,  viii.  647 

hominis,  viii.  647 

pulmonalis,  viii.  648 

vaginalis,  viii.  647 
Trichomycosis  nodosa,  vi.  633 
Tricophyton,  i.  730 

megalosporon,  i.  720 
ectothrix,  vii.  783 

microsporon,  i.  720 
Trichophytosis,  vii.  780 
Trichorrhexis  nodosa,  i.  605 
Tricresol,  vii.  881 
Tricresolamine,   see   Ethylene-dia- 
mine 
Tricuspid  regurgitation,  ii.  824 ;  iv. 
608 

stenosis,  ii.  824;  iv.  608 

valve,  iv.  569 
Triethylamin,  ptomai'n,  vi.  785 

903 


Trifacial. 

Tympanic  membrane. 


GENERAL  INDEX. 


Trifacial  nerve,  iii.  331 

neuralgia,  vl.  245 
Triferrin,  v.  330 
Trifblium  pratense,  iii.  149 
Triformol,  iv.  246 ;  vi.  483 
Trigger  finger,  iv.  536 
Trigone,  i.  772 

Trigonella  foenum  grsecum,  iv.  145 
Triiodometacresol,  v.  307 
Triiodometliane,  v.  307 
Trikresolamine,  iv.  14 
Trimetliylacetic  betain,  plomain, 

vi.  787 
Trimethylamin,  vii.  881 
hydrocJiloride,  vii.  881 
Trimethyleuediauiin,  ptomain,  vi. 

786 
Trimethyletliyleiie,  vi.  550 
Trimethyloxeth.  ylammonium 

liydroxid,  ptomain,  vi.  786 
Trimetliylpropiomc  betain,  pto- 
main, vij  787 
Trimetbylvinylammonium    h.y- 

droxid,  ptomain,  vi.  786 
Trinitrophenol,  vi.  633 
Trional,  vii.  881 

as  a  hypnotic,  iv.  816 
poisoning  by,  see  Synthetic  prod- 
ucts,  toxicology  of 
Trioxymethylene,  iv.  346;  vi.  483 
Triphenetol    guanidine     hydro- 
chloride, vii.  883 
Triphenin,  vii.  833 
Tripier's  method  of  amputation  of 

foot,  i.  358 
Triple  phosphate  calculi,  iii.  335 
Triplets,  iiionochorionic,  vii.  688 
Tripper  Faden,  iv.  403 
Trismus,  vii.  725 
Trithialdehyde,  vii.  561 
Triticin,  iii.  298 
Triticoglossus  muscle,  vi.  47 
Triticum,  iii.  398 
Trituration,  v.  739 

of  elaterin,  iii.  731 
Trocar  and  cannula  for  penetrat- 
ing antrum  of  Highmore,  vi.  145 
Troches,  v.  739 

of  ammonium  chloride,  iii.  4 

of  catechu,  ii.  739 

of  challc,  ii.  553 

of  ipecac,  v.  313 

of  iron,  v.  335 

of  liquorice  and  opium,  vi.  387 

of  morphine  and  ipecac,  v.  3L2, 

864 
of  potassium  clilorate,  vi.  746 
of  santonin,  vii.  30 
of  sodium  bicarbonate,  vii.  357 
of  tannic  acid,  vii.  637 
Trombidiidse,  i.  434 
Trommer's  test  for  glucose  in  urine, 

viii.  39 
Troops,  health  of,  see  Military  hy- 
yiene 
■water  supply  for,  vi.  168 
Tropacocaine,  as  local  anesthetic, 
i.  388 
hydrochloride,  vii.  833 
Trophic  functions  of  tlie  sympa- 
thetic nervous  system,  vii.  588 
Trophic  nerves  as  a  factor  in  bed- 
sores, i.  740 
Trophic  neuroses,  vi.  371 
Trophoneurosis,  facial,  viii.  448 
Tropical  abscess,  v.  533 
Tropical   diseases,   general  intro- 
duction, vii.  833 


Tropical  liver,  v.  533 
Tropical  malaria,  v.  680 
Tropical  ulcer,  vii.  944 
Tropics,  see  Acclimatization 

diseases  liable  to  attack  Euro- 
peans in,  i.  53 

rations  for  soldiers  in  the/  v.  803 
Trousers,  military,  v.  795 
Truncus  jugularis,  v.  630 
Trunk,  burste  of,  ii.  538 

muscles  of,  anomalies  of,  vi.  60 
Trusses,  for  hernia,  iv.  683 
Trypanosoma,  viii.  644 

Brucei,  viii.  644 

Castellanii,  viii.  645 

equinum,  viii.  644 

equiperdum,  viii.  644 

Evansii,  viii.  644 

garabiense,  viii.  644 

hominis,  viii.  644 

Lewisi,  viii.  644 

Nepveu,  viii.  644 

Theileri,  viii,  644 
Trypanosomida,  viii.  643 
Trypsin,  iii.  474;  vi.  463 

action  of,  iii.  474,  842;  vi.  479, 
481 
Tryptophan,  vii.  886 
Tscherning's         ophthalmopha- 

kometer,  vi.  394 
Tschicke,  ii.  828 
Tschik,  ii.  838 
Tsuga  canadensis,  vi.  639 
Tu,  ii.  828 

Tuber  cinereum,  ii.  165 
Tuberales,  iv.  381 
Tubercle  bacillus,  i.  697 

bacteriology  of,  i.  689 

difEerentiated  from  smegma  ba- 
cillus, v.  349,  350 

in     dissection     and     operation 
vsfounds,  iii.  530 

methods  of  staining,  viii.  437 
Tubercle,  Dar'winian,  i.  637 
Tubercula  miliaria,  v.  818 

sebacea,  v.  818 
Tuberculine,  i.  693;  vii.  889 

effect  of,  upon   body  tempera- 
ture, ii.  571 

in    pulmonary  tuberculosis,   v. 
605 

test  in  animals,  viii.  327 
Tuberculosamin,  vi.  791 
Tuberculosis,  vii.  886 

actinotherapy  in,  vi.  993 

among  troops,  ii.  591 

as  a  cause  of  insanity,  v.  33 

bacillus  of,  vii.  888 

bacteriological  diagnosis  of,  viii. 
400 

cuti-reaction  in,  viii.  467 

death  rate  in,  viii.  254 

detection  of,  v.  726 

distribution  by    the  blood,    vii. 
898 

hepatic,  viii.  571 

historical,  vii.  886 

in  animals,  v.  726;  vii.  890;  viii. 
236 

in  animals  a  cause  of  unwhole- 
some milk,  V.  836 

infection,  vii.  894 

through  the  intestine,  viii. 699 

in  man,  vii.  893 

in  the  new-born,  vi.  378 

metastasis  of,  v.  778 

methylene  blue  in,  v.  783 

miliary,  acute,  v.  600 


Tuberculosis,  miliary,  chronic,  v. 
601 
subacute,  v.  601 
of  bone,  r.  361,  263 
of  Cowper's  glands,  iii.  307 
of  Fallopian  tubes,  iv.  137;  viii. 

105 
of  the  adrenals,  vii.  567 
of  the  ankle,  v.  275 
of  the  auricle,  iii.  610 
of  the  bladder,  viii.  36 
of  the  bronchial  glands,  v.  588, 

729 
of  the  cervix,  viii.  106 
of  the  choroid,  iii.  67 
of  tlie  decidua,  iii.  391 
of  the  hands  and  fingers,  iv.  504 
of  the  heart,  iv.  602 
of  the  intestines,  viii.  557 
of  the  joints,  v.  261,  263 
of  the  kidneys,  v.  345 
of  the  knee-joint,  v.  373 
of  the  larynx,  v.  447 
of  the  liver,  viii.  371 
of  the  lungs,  v.  599;  vii.  901 
of  the  lymph  glands,  differen- 
tiated from  Hodgkin's  disease, 
iv.  730 
of  the  lymph  nodes,  v.  667 
of  the  mamma,  ii.  474 
of  the  middle  ear,  iii.  690 
of  the  nasal  cavities,  vi.  149 
of  the  oesophagus,  vi.  343 
of  the  omentum,  vi.  361 
of  the  ovary,  vi.  435 
of  the  patella,  vi.  519 
of  the  penis,  vii.  177 
of  the  pericardium,  vi.  563 
of  the  periosteum,  vi.  569 
of  the  peritoneum,  viii.  507 
of  the  placenta,  iii.  60;  vi.  651 
of  the  prostate,  vi.  770 
of  the  seminal  vesicles,  vii.  190 
of  the  skin,  vii.  222 
of  the  spine,  v.  378 ;  vii.  394 
of  the  testicle,  vii.  183 
of  the  testis,  vii.  183 
of  the  thoracic  duct,  vii.  746 
of  the  tonsil,  vii.  831 
of  the  thymus  gland,  v.  739 
of  the  thyroid  gland,  iv.  389 
of  the  ureters,  viii.  12 
of  the  uterus,  viii.  104 
of  the  vagina,  viii.  104 
of  the  veins,  viii.  317 
of  the  vulva,  viii.  106 
ophthalmo-reaction  in,  viii.    589 
pharyngeal,  vi.  597 
pulmonary,  v.  599 ;  vii.  901 ;  and 
see  Lungs,  tuhevculonis  of 
open-air  treatment  for,  vi. 
363;  and  see  Falkenstein, 
Ooerbersdorf,   and    Health 
resorts 
sputum  in,  vii.  434 
treatment  of,  at  Falkenstein, 
iv.  133 
relation  of,  to  lupus  erythemato- 
sus, v.  611 
renal,  v.  345 
Roentgen  ray  diagnosis   of,   vi. 

990 
sanatorium     for,     at    Rutland. 

Mass.,  vi.  1003 
sea  voyages  in  treatment  of,  i. 

641 
suitability  of  climate  of  Adiron- 
dacks  for,  i.  136 
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Tuberculosis,  symptomatology, vii. 
901 
transmission  of,  from  animals  to 

man,  viii.  238 
treatment,  vii.  902 
tuberculin  in,  vii.  889 
vaccinal,  viii.  187 
verrucosa,  of  hand  and  fingers, 

iv.  504 
virulence,  differences  in,  vii.  890 
Tuberculous  bron.ch.itis,  vii.  900 
bronchopneumonia,  vii.  900 
dactylitis,  iv.  505 
Tuberculous  glands,  health  resorts 

for,  iv.  565 
Tuberculous  infiltration,  iv.  872 
Tuberculous  meningitis,  ii.  431 ; 

vii.  383 
Tuberculous    meningo-encepha- 
litis,  diagnosed  from  brain  tumor, 
ii.  449 
Tuberculous  myositis,  vi.  33 
pleurisy,  vi.  666 
pneumonia,  vii.  900 
syphilides  of  auricle,  lii.  675 
ulcer,  vii.  945,  947 
ulceration  of  cervix  uteri,  viii.  68 
Tubotympanic  cavity,  vii.  336 
Tully's  powder,  v.  864 
Tumenol,  vii.  903 

ammonium,  viii.  701 
sulphone,  vii,  903 
Tumeur  perlee,  iii.  36 
Tumor  albus,  v.  373,  373 
Tumors,  vii.  908 

amputation  for,  i.  337 
apparent,  vi.  778 
as  a  cause  of  jaundice,  v.  345 
of  laryngeal  stenosis,  v.  440, 

441 
treatment,  v.  443 
as  indication  for  Csesarean  sec- 
tion, ii.  544  _ 
aspiration  of,  i.  581 
cavernous,  i.  350 
classification,  vii.  905 
composed  of  blood-vessels,  ii.  110 
compression  by,  causing  para- 
plegia, vi.  498 
cystic,  iii.  341 
derived     from     WolfBan   body 

rests,  viii.  581 
desmoid,  iii.  437 
disappearing,  vi.  778 
embryonal,  of  the  sexual  glands, 

vii.  693 
epithelial,  vii.  908 
erectile,  i.  350 
gelatinous,  vi.  87 
growth  of,  vii.  904 
in  cranial  fossaj,  ii.  448 
infiltration,  iv.  873 
inflammatory,  of  omentum,  vi. 

359  .   „. 

in  the  new-born,  vi.  381 
intracranial,  ii.  415        _ 

cause  of  headache,  iv.  551  _ 
diagnosed  from  abscess,  u. 
413 
leucocytosis  in,  v.  493 
leuksemic,  iii.  25  ..   „„. 

metastasisof,  V.  778;  vn.  904 
mixed,  vii.  909 
multiplicity  of,  vn.  905 
non-epithelial,  vii.  907 
of  blood-vessels,  i.  350 
of  Cowper's  glands,  iii.  307 
of  lymph-vessels,  i.  853 


Tumors  of  the  adrenals,  iv.  805 ;  v. 
330 ;  vii.  567 
of  the  arm  and  forearm,  i.  473 
of  the  bladder,  diagnosed  by  cys- 

toscope,  iii.  846 
of  the  brain,  ii.  435 

effect  on  intelligence,  ii.  437 
of  the  carotid  gland,  viii.  412 
of  the  Cauda  equina,  vii.  386 
of  the  cerebellum,  ii.  240 
of  the  chorion,  iii.  60 
of  the  choroid,  iv.  Ill 
of  the  ciliary  body,  iv.  110 
of  the  colon,  i.  38 ;  iii.  204 
of  the  conjunctiva,  iv.  108 
of  the  cornea,  iii.  291 ;  iv.  110 
of  the  diaphragm,  iii.  436 
of  the  ethmoidal  cells,  vi.  408 
of  the  eye,  iv.  105 

as  cause  of  blindness,  ii.  11 
of  the  eyelids,  iv.  105 
of  the  Fallopian  tubes,  iv.  13? 
of  the  frontal  sinus,  iv.  274 
of  the  hands  and  fingers,  iv.  501 
of  the  heart,  iv.  593 
of  the  intestines,  v.  187 
of  the  iris,  iv.  110 
of  the  joints,  v.  264 
of  the  kidneys,  v.  322,  829 
of  the  lachrymal  gland,  iv.  115 ; 

V.  395;  vi.  406 
of  the  larynx,  v.  431 
of  the  liver,  v.  554 
of  the  lower  jaw,  v.  255 
of  the  lungs,  v.  605 
of  the  lymph  nodes,  v.  661 
of  the  mamma,  ii.  475 
of  the  mediastinal  glands,  v.  730 
of  the  mediastinum,  v.  730 
of  the  mucous  tissue,  vi.  87 ;  and 

see  Myxoma 
of  the  muscle,  vi.  39 
of  the  neck,  vi.  200 
of  the  nose,  vi.  138 
of  the  oesophagus,  vi.  343 
of  the  omentum,  vi.  360 
of  the  optic  nerve,  vi.  407;  iv. 

113 
of  the  orbit,  vi.  405;  iv.  113 
of  the  ovaries,  vi.  485 

papillomatous,  vi.  439 
of  the  pancreas,  vi.  470,  478 
of  the  parotid  gland,  vi.  510 
of  the  pelvis,  effect  on  labor,  vi. 

538 
of  the  penis,  vii.  177 
of  the  pericardium,  vi.  568 
of  the  periosteum,  vi.  569 
of  the  peritoneum,  vi.  570 
of  the  pharynx,  vi.  603 
of  the  pituitary  gland,  vi.  640 
of  the  placenta,  vi.  653 
of  the  prostate,  vi.  769 
of  the  pylorus,  vii.  530 
of  the  retina,  iv.  113 
of  the  round  ligaments,  viii.  98 
of  the  salivary  glands,  vii.  14 
of  the  scapula,  vii.  45 
of  the  sclerotic,  iv.  110 
of  the  spermatic  cord,  vii.  190 
of  the  spinal  cord,  vii.  383 
of  the  spleen,  vii.  428 
of  the  stomach,  vii.  531 
of  the  teeth,  see  Odontoma 
of  the  testicle,  vii.  184 
of  the  thoracic  duct,  vii.  746 
of  the  thyroid  gland,  iv.  381 ;  v. 
780;  vii.  776 


Tumors  of  the  tonsils,  vii.  823 
of  the  umbilicus,  viii.  6 
of  the  upijer  jaw,  v.  349 
of  the  ureters,  viii.  18 
of  the  uterus,  viii.  86,  96 
of  the  uvula,  viii.  109 
of  the  veins,  viii.  318 
of  the  vertebras,  vii.  885 
of  the  vulva,  viii.  163 
phagocytic,  vii.  905 
phantom,  iv.  343;  vi.  778 
pseudoleuksemic,  iii.  35 
pyoktanin  in  treatment  of,  vi.  817 
recurrence  of,  vii.  905 
retroperitoneal,  vi.  571,  960 
structure  of,  vii.  904 
subungual,  vi.  93 
Tunbridjgre  Wells,  viii.  701 
Tunga,  11.  838 
Tungay,  ii.  828 
Tunica  granulosa,  vi.  451 

vaginalis,  iv.  336 
Tuning  forks,  iii.  661 
Tunnel  work,  harmful  conditions 

in,  vi.  322 
Tunnelling,  dangers  of,  vii.  909 
Turacin,  iii.  225 
Turbinate  body,  vi.  105 
Turkey,  Pharmacopoeia  in,  vi.  586 
Turmeric,  iii.  839 
Turnera  diffusa,  iii.  352 
Turnip,  Indian,  vii.  913 

wild,  vii.  913 
Turntable,    for    mounting    speci- 
mens, iv.  727 
Turpentine,  vii.  913 

as  an  anthelmintic,  i.  363 
as  an  antidote,  i.  372 
oil  of,  as  a  diuretic,  iii.  547 
as  an  expectorant,  iv.  51 
Turpeth  mineral,  v.  754 

root,  false,  viii.  1 
Tuscan  Springs,  vii.  914 
Tuscarora  Lithia  Spring,  vii.  914 
Tussilago  farfara,  iii.  225 
Tussol,  vii.  914 
Twins,  placenta  in,  vi.  649 
Twisting  tongs,  viii.  173 
Tydeus  molestus,  i.  435 
Tylopbora  astlimatica,  i.  565 
Tylosis,  ii.  557 
palmse,  v.  804 

plantse,  v.  304;  and  see  Kerato- 
derma  palmare  et  plantare 
Tympanic   cavity,  foreign  bodies 
in,  iii.  648 
measurements  of,  viii.  240 
Tympanic  membrane,  i.  616 
abscess  of,  iii.  625 
alterations  in,  due  to  disease,  iii. 

621 
anatomy  of,  iii.  580 
appearance  of,  in  inflammation, 

iii.  588 
blood-vessels  of,  iii.  584 
calcification  of,  iii.  623 
cholesteatoma  of,  iii.  629 
color  of,  iii.  580,  633 
depression  of,  iii.  624 
folds  of,  iii.  581 
incision  of,  iii.  670 
inclination  of,  iii.  581 
in  health  and  disease,  iii.   622, 

638 
"kneeing  of,"  iii.  624 
opacity  of,  iii.  623 
operations  upon,_iii.  670 
paracentesis  of,  iii.  670 
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Tympanic     membrane,     perfora- 
tions of,  iii.  636,  688 

retraction  of,  iii.  624 

rupture  of,  iii.  625 

special  properties  of,  i.  618 

thickening  of,  iii.  624 

Toynbee's  artificial,  iii.  680 

ulcer  of,  iii.  625 
Tympanites,  aspiration  in,  1.  581 

in  diarrhoea,  iii.  439 
Tympanitic  resonance,  ii.  816 
Tympanum,  i.  616 
Tyndalization,  i.  686 
Tyndall's    fractional     steriliza- 
tion, viii.  380 
Typhoid  fever,  vii.  914,  951 

among  troops,  ii.  593 

antipyretics  in,  vli.  925 

bacillus  of,  i.  697 

bacteriological  diagnosis  of,  viii. 
442,  702 

bacteriology  of,  viii.  701 

bilious,  vi.  884 

Brand  bath  in,  iv.  791 

cold  in,  iii.  195 

complications  and  sequelae,  vii. 
926 

convalescence,  vii.  928 

course  of,  vii.  918 

death  rate  in,  vii.  951 ;  viii.  254 

diagnosed    from    cerebro-spinal 
meningitis,  ii..  776 
from  yellow  fever,  viii.  595 

diagnosis,  vii.  920 

diarrhoea  in,  iii.  440 

diet  in,  iii.  462 ;  vii.  928 

disinfectants,  vii.  927 

due  to  milk,  v.  837 

exciting  causes,  vii.  916 

followed  by  blindness,  ii.  12 
by  gall-stones,  iii.  330 

history,  vii.  914 

how  to  avoid,  in  camp,  v.  813 

in  the  new-born,  vi.  278  ' 

kyphosis  resulting  from,  v.  378 

leucocytes  in,  v.  493 

ophthalmo-reaction  in,  viii.  590 

parotitis  following,  vi.  513 

pathology,  vii.  920 

pharyngitis  in,  vi.  593 

predisposing  causes,  vii.  915 

serum  diagnosis  in,  vii.  133 
therapy  in,  vii.  133 

treatment,  vii.  923 

Widal's  serum  test,  viii.  445,  702 
Typhoid  spine,  vii.  388 
Typho-malarial  fever,  vii.  928 
Typhomania,  v.  80 ;  and  see  Insan- 
ity, confusional 
Typhotoxin,  ptomai'n,  vi.  790 
Typhus  fever,  vii.  930 

among  troops,  ii.  600 

definition,  vii.  930 

diagnosis,  vii.  935 

etiology,  vii.  931 

history,  vii.  930 

in  new-born,  vi.  378 

modes  of  conveyance  of,  vii.  931 

morbid  anatomy,  vii.  933 

parotitis  following,  vi.  512 

prognosis,  vii.  935 

prophylaxis,  vii.  935 

quarantine  in,  vi.  825 

sinking,  ii.  767 

symptomatology,  vii.  982 
treatment,  vii.  935 
Tyratol,  vii.  765 
Tyrian  purple,  iii.  325 
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Tyroglyphinse,  i,  483 
Tyroglyphus  infestans,  i.  434 

longior,  i.  433,  434 

siro,  i.  434 
Tyrosin,  i.  68;  vi.  788 

in  the  urine,  viii.  60 
Tyrotoxicon,  iv.  188;  vi.  791 

in  milk,  v.  884 
Tyrotoxismus,  iv.  189 

Udder,   diseased,   a   cause   of   un- 
healthy milk,  V.  835 
XJdransky's  test  for  bile  acids,  viii. 

50 
Ukiah  Vichy  Springs,  vii.  936 
Ulcer,  ulceration,  vii.  986 

acute  traumatic,  vii.  941 

amputation  in,  i.  237 

Annam,  vii.  944 

annular,  vii.  942 

callous,  vii.  943 

chronic,  vii.  942 

cleansing    and  sterilization    of, 
vii.  947 

complications  and  sequelae,  vii. 
946 

congested,  vii.  943 

croupous,  vii.  942 

diabetic,  vii.  944 

differential  diagnosis,  vli.  946 

dracuncular,  vii.  944 

epitheliomatous,  vii.  945 

erethistic,  vii.  948 

etiology,  vii.  987 

exciting  causes,  vii.  938 

exubei'ant,  vii.  942 

fungating,  vii.  942,  946 

Gaboon,  vii.  944 

gastric,  vii.  510 

gouty,  vii.  944 

granulating,  vii.  943 

healing,  vii,  942 

indolent,  vii.  942 

inflammation  in,  v.  11 

intestinal,  iii.  832 

irritable,  vii.  943 

malignant,  vii.  945 

non-specific,  vii.  941 

(Edematous,  vii.  942 

of  the  auricle,  iii.  607 

of  the  cervix  uteri,  viii.  68 
tuberculous,  viii.  68 

of  the  cornea,  iii.  383,  287 

of  the  larynx,  v.  448 

of  the  mucous  surfaces,  vii.  946 

of  the  oesophagus,  vi.  342 

of  the  stomach,  vii.  510 

of  the  tongue,  vii.  798 

of  the  tympanic  membrane,  iii. 
625 

pathology,  vii.  940 

Pendjeh,  vii.  944 

peptic,  vii.  510 

perforating,  v.  183 ;  vli.  510,  943 
of  foot,  vi.  557 

phagedenic,  vii.  942 

predisposing  causes,  vii.  937 

raw,  vii.  943 

rectal,  i.  395 

rodent,  vii.  946 

round,  of  OGSophagus,  vi.  343 
of  stomach,  vii.  510 

routine  treatment  of,  vii.  950 

scirrhous,  vii.  946 

scorbutic,  vii.  944 

serpiginous,  vii.  945 

sloughing,  vii.  943 

specific,  vii.  944,  947 


Ulcer,  ulceration,  spreading,  vii. 
942 

symptoms  and  course,  vii.  941 

syphilitic,  vii.  944 

treatment,  vii.  946 

tropical,  vii.  944 

tuberculous,  vii.  945 

typhoid,  V.  183 

varicose,  vii.  943 

varieties,  vii.  936 

weak,  vii.  943 
Ulerythema  ophryogenes,  v.  307 
Ulmus,  iii.  786 

americana,  iii.  786 

eampestris,  iii.  787 

fulva,  iii.  786 
Ulna,  dislocation  of,  iii.  531 

fractures  of,  iv.  263 
Ulnar  artery,  anomalies  of,  i.  580 

compression  of,  i.  587 
Ulnaris  quinti  muscle,  vi.  54 
Ulno-carpus  muscle,  vi.  54 
Ultzmann's  syringe,  iv.  403;  vi. 

761 
Umbelliferae,  viii.  1 

poisonous  plants  of,  vi.  695 
Umhelliferon,  iv.  388 
Umbilical  cord,  vi.  648 ;  viii.  1 

at  birth,  viii.  3 

blood-vessels,  viii.  4 

coverings  of,  viii.  8 

embryology,  viii.  1 

lymphatics,  viii.  5 

Wharton's  jelly,  viii.  3 
Umbilical  hemorrhage,  vi.  380 
Umbilical  veins,  anomalies  of,  viii. 

308 
Umbilical  vesicle,   viii.  334;   and 

see  Yolk  sac 
Umbilicus,  viii.  3 

hernia  of,  iv.  679 ;  viii.  6 

inflammations  of,  viii.  6 

malformations  of,  viii.  5 

surgical  affections  of,  viii.  5 

tumors  of,  viii.  6 
Umbo  of  tympanic  membrane,  iii. 

581 
Unaka  Springs,  viii.  6 
Uncinaria,  vi.  320 

americana,  vi.  221 

differentiated      from     strongy- 
loides,  iv.  310 

duodenalis,  vi.  230,  231 
Uncinariasis,  vi.  320 
Uncinariosis,  vi.  330 
Undershirts,  military,  v.  795 
Underwood  Spring,  viii.  6 
Undulant  fever,  v.  685 
Unguis  incarnatus,  vi.  93 
Uniceptor,  viii.  471 
Unicorn  root,  i.  170 
Union,  delayed,  after  fracture,  Iv. 
353,  358 

faulty,  after  fracture,  iv.  353, 358 
United  States,  food  and  drug  adul- 
teration in,  iv.  167 

epidemics  of    yellow  fever  in, 
viii.  588 

Pharmacopoeia  of,  vi.  586 

prevalence  of  yellow  fever  in, 
viii.  586 
Upper     extremity,    muscles    of, 

anomalies  of,  vi.  48 
Upper  Red  Boiling  Springs,  viii. 

6 
Upper  Soda  Springs,  viii.  7 
Ura,  V.  1,58 
Urachus,  persistent,  viii.  6 
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Tympanic  membrane. 
Urine. 


■Uraemia,  i.  645 ;  v.  334 
diarrhoea  in,  iii.  440 
diet  in,  iii.  460 
drowsiness  in,  iii.  560 
erythema  of,  iv.  7 
headache  in,  iv.  547 
treatment  of,  viil.  7 
XTragoga  ipecacuanha,  v.  310 
TJral,  viii.  11 
TJralium,  viii.  11 
tlranium,  viii.  549 
acetate,  viii.  11 
nitrate,  viii.  11 
radiators  of,  viii.  549 
Urates,  as  basis  of  calculi,  iii.  334 

deposit  of,  iii.  396 
Urea,  viii.  33 

decomposition  of,  by  bacteria,  i. 

684 
excretion  of,  viii.  83 
formaldehyde,  iv.  246 
formation  of,  in  body,  v.  771 
in  the  urine,  v.  818 

estimation  of,  viii.  34 
Uredinales,  iv.  283 
Uresin,  viii.  11 
Ureteritis,  viii.  12 
Uretero-vaginal  fistula,  viii.  168 
Ureters,  absence  of,  viii.  11 
anatomy  of,  viii.  13 
atresia  of,  viii.  11 
catheterismof  the,  v.  335;  viii.  708 
development  of,  v.  315 
double,  viii.  11 
examination   of,  by  cystoscope, 

iii.  347 ;  viii.  705 
foreign  bodies  in,  viii.  13 
grafting  of,  to  bowel,  viii.  36 
implantation  of,  viii.  14 
inflammation    of,   viii.    11,    14; 

and  see  Ureteritis 
lymphatics  of,  v.  637 
malformations  of,  vii.  708;  viii. 

11 
measurement  of,  viii.  289 
methods  of  reuniting  cut  ends, 

after  resection,  viii.  14 
obstruction  of,  viii.  11,  14 
palpation  of,  i.  778 
pathology  of,  viii.  11 
relations  of,  viii.  14 
stenosis  of,  viii.  11 
surgery  of,  viii.  13 
syphilis  of,  viii.  13 
torsion  of,  viii.  11  _ 
traumatism  of,  viii.  13 
tuberculosis  of,  viii.  12 
tumors  of,  viii.  13 
Urethane,  vi.  827;  viii.  15 
ethylic,  viii.  15 
thymol,  vii.  766 
Urethra,  anatomy  of,  ii.   747;  iv. 
323;  viii.  15 
atresia  of,  i.  604  . 

calibration  and  dilatation  ot  ori- 
fice of,  i.  783 
caruncle  of,  i.  770 
catheterism  of,  ii.  739 
chancroid  of,  i.  770 
constrictions  and  dilatations  ol, 

ii.  749 
dilatation  of,  viii.  22 
dimensions  of,  ii.  748 
female,  acquired  deformities  ot, 
i.  765 
atrophy  of,  i.  768 
contraction  of,  i.  767 
dilatation  of,  i.  766 


Urethra,    female,    diseases  and  in- 
juries of,  i.  765 
dislocation  of,  i.  766 
eversion  of,  i.  766 
extroversion    of    bladder 

through,  i.  767 
foreign  bodies  in,  i.  768 
hypertrophy  of,  i.  768 
stricture,  i.  767 
tumors  of,  i.  770 
foreign  bodies  in,  viii.  17 
inflammation  of,   viii.   17;  and 

see  Urethritis 
injuries  of,  i.  771 

and  diseases  of  the,  viii.  15 
irrigation  of,  viii.  18 
lymphatics  of,  v.  685 
male,  iv.  323 
malformation  of,  vii.  709 
medication  of,  v.  783 
myoma  of,  vi.  76 
operations  on,  preparations  for, 

viii.  23 
ratio  of  size,  to  that  of  penis,  ii. 

748 
removal  of  bodies,  growths,  etc., 

through,  i.  769 
rupture  of,  viii.  15 
stricture  of,  viii.  20 

complications,  viii.  25 
diagnosis,  viii.  21 
location  of,  viii.  21 
pathology,  viii.  20 
prognosis,  viii.  35 
results,  viii.  25 
symptoms,  viii.  21 
treatment,  viii.  22 
varieties,  viii.  20,  31 
Urethral  injections,  iv.  400 

syringe,  iv.  400 
Urethritis,  viii.  17 
chancroidal,  viii.  30 
chronic,  viii.  19 
circumscribed,  i,  773 
diagnosis  of,  i.  776 
gonorrhoeal,  i.  771;  viii.  17 

■  Cowperitis  in,  iii.  306 
posterior,  iv.  401 
simple,  viii.  19 
syphilitic,  viii.  20 
varieties,  viii.  17 
Urethrocele,  i.  766;  viii.  158 
Urethrometer,  Otis',  iv.  403 
Urethroscope,  iv.  403 
Urethroscopy,  i.  778 
Urethrotome,  viii.  23 
Urethrotomy,  viii.  33 
external,  viii.  28 
internal,  viii.  23 
Urethro-vaginal  fistula,  viii.  168 
Urethylane,  v.  782 
Urginea  maritima,  vii.  434 
Uric  acid,  i,  69 
calculi,  iii.  338 
deposit,  iii.  896 
diathesis,  piperazin  in,  vi.  638 
formation  of,  in  body,  v.  773 
infarction,  iv.  868 

in  the  new-born,  vi.  281 
in  the  urine,  v.  318;  viii.  35 
significance  of  excess  of.  v. 
775 
Uricacidsemia,  diet  in,  iii.  463 
Uricidin,  viii.  25 
Urinals,  iv.  763 

in  school  buildings,  vii.  71 
Urina  potus,  viii.  28 
Urinary  ash,  viii.  52 


Urinary  bladder,  extirpation  of, 

viii.  35 
after-treatment,  viii.  27 
indications,  viii.  25 
management  of  the  ureters,  viii. 

26 
results,  viii.  27 
technique,  viii.  26 
Urinary  calculi,  iii.  232 

casts,  viii.  58 
Urinary  organs,  diseases  of,  elec- 
trotherapeutics in,  iii.  765 
lymphatics  of,  v.  637 
Urinary  sedatives,  viii.  27 
sediments,  viii.  56 
segregation,  viii.  704 
Urine,  v.  818;  vii.  100;  viii.  28 
acetone  in,  viii.  49 
acidity  of,  iii.  333 
action  of  copaiba  on,  iii.  378 
albumin  in,  viii.  30 
albumose  in,  viii.  33 
alloxuric  bases  in,  viii.  86 
ammonia  in,  viii.  56 
bases  in,  viii.  55 
behavior  toward  polarized  light, 

viii.  29 
Bence-Jones'  albumin  in,  viii.  82 
beta-oxybutyric  acid  in,  viii.  48 
bile  acids  in,  viii.  50 

pigments  in,  viii.  50 
blood  corpuscles  in,  viii.  56 

pigment  in,  viii.  32 
calcium  in,  viii.  56 

carbonate  crystals  in,  viii.  59 
oxalate  crystals  in,  viii.  59 
sulphate  crystals  in,  viii.  59 
carbamic  acid  in,  viii.  83 
carboliydrates  in,  viii.  38 
carbonates  in,  viii.  55 
chemical  examination  of,  viii.  30 
chlorides  in,  viii.  52 
cholesterin  in,  viii.  52 
color,  viii.  29 
composition  of,  v.  317 
conjugate  sulphates  in,  viii.  53 
cryoscopy,  viii.  80. 
cystin  in,  viii.  54,  60 
dextrin  in,  viii.  43 
diacetic  acid  in,  viii.  49 
diamins  in,  viii.  33 
effect  of  benzoic  acid  on,  i.  744 
electric  conductivity  of,  viii.  80 
enzymes  in,  viii.  52 
epithelium  in,  viii.  57 
examination    of,   during    preg- 
nancy, iv.  344;  v.  880 
from  eacli  Iddney,  viii.  704 
in  life  insurance,  v.  513 
excretion  of,  v.  316_ 
extravasation  of,  vi.  613 
fat  in,  viii.  51 
fibrin  in,  viii.  33 
fluorescence,  viii.  29 
freezing  point  of,  viii.  80 
fructose  in,  viii.  42 
globulin  in,  viii.  31 
glucose,  viii.  39. 
hsematoporphyrin  in,  viii.  51 
haemoglobin  in,  viii.  32 
histon  in,  viii.  38 
hydrofluoric  acid  in,  viii.  53 
hydrogen  peroxide  in,  viii.  55 
hydroquinone  in,  viii.  44 
in  amyloid  kidney,  v.  831 
in  childhood,  ii.  831 
in  chorea,  iii.  48 
in  chronic  prostatitis,  vi.  759 
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XTrine,  incontinence  of,  in  cystitis, 
ii.  777 

In  urethritis,  i.  777 
in  cystitis,  i.  794 
indican  in,  viii.  44 
indoxyl  in,  viii.  44 
in  gout,  iv.  406 
in  insanity,  v.  39,  54 
in  nepliritis,  v.  334,  339,  341 
inorganic  constituents  of,  viii.  53 
inosite  in,  viii.  53 
in  passive  congestion  of  kidney, 

V.  333 
in  renal  tumor,  v.  337 
in  uretliritis,  i.  777 
iron  in,  viii.  56 
Ijreatinin  in,  viii.  37 
lactic  acid  in,  viii.  48 
laiose  in,  viii.  43 
leucin  in,  viii.  60 
levulose  in,  viii.  43 
magnesium  in,  viii.  56 
melanin  in,  viii.  51 
methijemoglobin  in,  viii.  33 
mucin  in,  viii.  31 
neutral  sulphur  in,  viii.  54 
nitrates  in,  viii.  55 
nitrites  in,  viii.  55 
nitrogenous  equilibrium,  viii.  33 
nuclein  bases  in,  viii.  36 
nucleo-histon  in,  viii.  33 
odor,  viii.  30 

optical  properties  of,  viii.  39 
organic  constituents  of,  viii.  30 
overflow  of,  in  cystitis,  i.  777 
oxalic  acid  in,  viii.  88 
oxalurio  acid  in,  viii.  38 
parasites  in,  vi.  501 
pentoses  in,  vi.  550 
peptones  in,  viii.  33 
phosphate  crystals  in,  viii.  59 
phosphates  in,  viii.  55 
phosphoric  acid  in,  viii.  55 
physical  properties  of,  viii.  38 
pigments  in,  viii.  50 
poisonous,  i.  645 
potassium  in,  viii.  55 
preformed  sulphates  in,  viii.  54 
ptomains  in,  viii.  53 
purin  bodies  in,  viii.  35 
quantity  of,  viii.  38 
reaction  of,  viii.  39 
retention  of,  viii.  486 

aspiration  in,  i.  580 

in  cystitis,  i.  777 

in  urethritis,  i.  777 
secretion'  of,  conditions  modify- 
ing, iii.  543 

effect  of  cocaine  on,  iii.  158 

effect  of    starvation   upon, 
vii.  443 

influence  of  nervous  system 
on,  vii.  100 

influence     of     sympathetic 
system  on,  vii.  584 
sediments  in,  viii.  56 
serum  albumin  in,  viii.  30 
signs  of  disturbances  of  metab- 
olism in,  V.  775 
silicates  in,  viii.  55 
silicic  acid  in,  viii.  55 
skatol  in,  viii.  45 
skatoxyl  in,  viii.  45 
sodium  in,  viii.  55 
solids   excreted  in,   relation    to 

specific  gravity,  viii.  39 
specific  gravity  of,  viii.  38 
spectrum,  viii.  80 


tTrine,  spermatozoa  in,  viii.  57 

sulphureted   hydrogen   in,   viii. 
54 

sulphuric  acid  in,  viii.  53 

total  sulphates  in,  viii.  53 

transparency,  viii.  30 

tyrosin  in,  viii.  60 

urea  in,  viii.  33 

uric  acid  in,  viii.  35 
crystals  in,  viii.  58 

urobilin  in,  viii.  50 

xanthin  bases  in,  viii.  36 
Uriniferous  tubules,  v.  310 
Urisolvin,  viii.  60 
tTrning's,  v.  134 
Urobilin  in  urine,  viii.  50 
TJrobilinuria,  viii.  50 

liffiraatogenous,  viii.  51 
Urogenital    development,    chro- 
nology of,  iv.  331 
Urogenital  organs,  malformations 

of,  vii.  707 
Urogenital  system,  representation 

of.  iv.  319 
Uroleucinic  acid  in  urine,  viii.  47 
Urometer,  viii.  39 
Uronephrosis,  v.  357;  and  see  Hy- 
dronephrosis 
Uropheirin,  viii.  60 

benzoate,  viii.  60 
Urosin,  viii.  60 
Urostealith.  calculi,  iii.  335 
Urotoxic  coefficients,  i.  645 
Urotropin,  iv.  346;  viii.  60 
Urticaria,  viii.  60 

bullosa,  viii.  61 

caused  by  drugs,  iii.  433 

diagnosed  from  eczema,  iii.  714 

factitia,  viii.  61 

gigas,  viii.  61 

hemorrhagica,  viii.  61 

of  the  pharynx,  vi.  951 

papulosa,  viii.  61 

perstans,  viii.  61 

pigmentosa,  viii.  63 
Uruguay,  Pharmacopoeia  in,  vi.  586 
Ustilaginales,  iv.  383 
Ustilago,  viii.  64 

maydis,  viii.  64 
Utah,    requirements     for    medical 

practice  in,  iv.  48 
Utah  Hot  Springs,  viii.  64 
Utah  Warm  Springs,  viii.  64 
Uterine  bruit,  iv.  343 

disorders,  cause  of  headache,  iv. 
549 

moles,  iii.  803 

plexus,  vii.  579 

probe,  iv.  465 

souffle,  iv.  343 
Utero-sacral  ligaments,  shorten- 
ing of,  viii.  85 
Uterus,  vii.  157 ;  and  see  Sexual  or- 
gans, female,  and  Gestation 

abnormal  communications  with, 
viii.  78 

absence  of,  viii.  73 

adenoma  of,  i.  113 

adenomyoma  of,  viii.  9& 

anatomy  of,  vii.  157 

anteflexion,  viii.  80 

anterior  displacements  in  preg- 
nancy, iv.  348 

anvil-shaped,  viii.  75 

atresia  of,  i  604 

atrophy  of,  viii.  64 

benign  tumors  of,  viii.  96 

bicornis,  viii.  74 


Uterus  biforis,  viii.  78 

bilociilaris,  viii.  76 

cancer  of,  viii.  89 

cervix,   abnormal    plication   of 
cavity  of,  viii.  78 
abrasions  of,  viii.  69 
absence  of,  viii.  73 
adeno-carcinoma  of,  viii.  88, 

89 
aJEections  of,  viii.  64 
amputation  of,  viii.  67 
atresia  of,  viii.  68 
atrophy  of,  viii.  64,  73 
cancer  of,  viii.  87 
chancre  of,  viii.  68 
chancroid  of,  viii.  68 
cysts  of,  iii.  351 
dilatation  of,  viii.  69 
discission  of,  viii.  69 
divulsion  of,  viii.  69 
erosions  of,  viii.  88 
hypertrophy  of,  viii.  66 
laceration  of,  viii.  69 
laceration  of,  a  cause  of  sub- 
involution, viii.  103 
sarcoma  of,  viii.  94 
stenosis  of,  viii.  68 
traumatic  affections  of,  viii. 

69 
tuberculosis  of,  viii.  106 
tuberculous    ulceration    of, 

viii.  68 
ulceration  of,  viii.  68 
wounds  of,  viii.  69 

changes    in,    caused    by    preg- 
nancy, iv.  338 

congenital     malformations    of, 
viii.  73 

congenitally  displaced,  viii.  78 

cystadenoma  of,  iii.  344 

cystomyoma  of,  vi.  76 

cysts  of,  iii.  351 ;  viii.  98 

deficient  development  of,  viii.  77 

development  of,  viii.  73 

didelphys,  viii.  76 

diductus,  viii.  76 

displacements  of,  viii.  78 
in  pregnancy,  iv.  347 
menorrhagia  in,  v.  741 
shortening    of    utero-sacral 
ligaments  for,  viii.  85 

double,  viii.  76 

double-mouthed,  viii.  78 

duplex  separatus,  viii.  76 

effects  of  anaesthetics  upon,  v. 
388 

examination  of,  iv.  459 

faulty  development  of,  viii.  77 

flbromyoma  of,  viii.  96 

fixation  of,  viii.  84 

hernia  of,  viii.  78,  86 

during  pregnancy,  iv.  349 

hypoplasia  of,  viii.  77 

incarceration  of,  in  pregnancy, 
iv.  348 

infantile,  viii.  77 

inversion  of,  viii.  85 

involution,    subinvolution,   and 
superinvolution  of,  viii.  98 

lateral  displacements  of,  in  preg- 
nancy, iv.  348 

leiomyoma  of,  vi.  75 

lymphatics  of,  v.  637 

malformation  of,  vii.  709 

malignant  tumors  of,  viii.  86 

medication  of,  v.  734 

movements    of,  effect    of  sym- 
pathetic system  upon,  vii.  587 
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trterus,  myoma  of,  vi.  75 ;  viii.  96 
nerves  of,  vii.  579 
nou-raalignant   tumors  of,  viii. 

96 
obliquity  of,  viii.  77  , 
one-horned,  viii.  73 
partial  inversion  of,  viii.  85 
polyijus  of,  viii.  86 
premature  development  of,  viii. 

78 
procidentia  of,  viii.  83 
prolapse  of,  viii.  83 

in  pregnancy,  iv.  348 
retroversion  and  retroflexion  of, 
viii.  80 
and  retroflexion  of,  in  preg- 
nancy, iv.  347 
rhabdomyoma  of,  viii.  98 
rudimentary,  viii.  73 
sarcoma  of,  viii.  94 
septus,  viii.  76 

duplex,  viii.  76 
subinvolution  of,  viii.  100 
subseptus,  viii.  76 
superinvolution  of,  viii.  104 
suspension  of ,  viii.  84 
tuberculosis  of,  viii.  104 
tumors  of,  i.  36 

diagnosed  from  ovarian  tu- 
mors, vi.  438 
two-chambered,  viii.  76 
two-horned,  viii.  74 
unicornis,  viii.  73 

with  atrophied  second  horn, 
viii.  74 
vaginal  fixation  of,  viii.  85 
Utricle  or  utriculus,  i.  621 
Uva  passa,  iv.  418 

ursi,  i.  738 
Uveitis,  malignant,  vii.  591 

sympathetic,  vii.  591 
Uvula,  viii.  107 

abscission  of,  viii.  108 
absence  of,  viii.  109 
amputation  of,  viii.  108 
asymmetry  of,  viii.  109 
bifurcation  of,  viii.  109 
diseases  of,  viii.  107 
elongation  of,  viii.  109 
inflammation  of,  viii.  107 
malformations  of,  vm.  1J)9 
neuroses  of,  viii.  lU 
paralysis  of,  viii.  Ill 
relaxed,  viii.  108 
syphilis  of,  viii.  109 
tumors  of,  viii.  109         .. 
Uvula  of  the  cerebellum,  u.  loo 
Uvula  vesicse,  vi.  757 
Uvulitis,  viii.   107      ,. 

acute  catarrhal,  vni.  107 
chronic  catarrhal.vin.  108 
phlegmonous,  vui.  Wi 
Uvulotomy,  viii.  108 

Vaccaria  vaccaria  vi.  701 

vulgaris,  vi.  701     ... 
Vaccinltingtable   vui     39 

Vaccinatxon,  vn   351  .^J^^^^j^^tj 

^S"     louTd  be  performed,  vm. 

116  ...   .^„ 

for  primary,  vm.  li' 
alleeed  increased  general  dea.th 
"^  ^   rate  resulting  from,  vm. 

150 
increased  liability  to  other 
diseases  caused   by,  vm. 
150 


Vaccination,  alleged  ineflBcacy  of, 
viii.  150 
amount   of     lymph    obtainable 

from  one  helfur,  viii.  137 
and  smallpox,  comparative  pro- 
tection afforded  by,  viii.  133 
animal,  viii.  134 
asepsis  in,  viii.  118 
auto-vaccination,  viii.  117 
bovine,  viii.  133 

advantages  of,  viii.  136 
collection    of   lymph,    viii. 

140 
region  to  be  selected  for  in- 
oculation, viii.  139 
scarificator  for,  viii.  119 
technique  of,  viii.  138 
by  puncture,  viii.  118 
by  scarification,  viii.  118 
by  scraping,  viii.  118 
capillary  tubes,  viii.  143 
care  of  instruments,  viii.  119 
circumstances  calling  for  imme- 
diate, viii.  119 
collection  of  lymph,   viii.  140, 

143 
compulsory,  viii.  137 
contested  points  in  relation  to, 

viii.  129 
crusts,  viii.  141 

degeneration  of  vaccine,  viii.  138 
development  of  the  vesicle,  viii. 

140 
disinfection  in,  viii.  118 
displacement  of  mortality  as  an 

argument  against,  viii.  150 
dry  lymph  in  crusts,  viii.  141 
in  ivory  points,  viii.  141 
in  powder,  viii.  142 
duration  of  protective  power  of, 

vii.  133 
effect  of  climate,  viii.  116 

upon  the  age  distribution  of 
the  mortality  from  small- 
pox, viii.  130 
extent  to  which  it  is  now  prac- 
tised, viii.  119 
for  influenza,  v.  17 
glycerinated  lymph,  viii.  143 
health  of  individual,  as  affecting, 

viii.  118 
history  of,  viii.  113 
instruments  employed,  viii.  119 
insusceptibility  to,  viii.  117 
investigations  relative  to,   viii. 
146 ;  and  see  Vaccinia,  bacteri- 
ology of 
ivory  points,  viii.  119 
lancet,  viii.  119 

laws  of  different  countries  rela- 
tive to,  viii.  147 
of  the  United  States  relative 
to,  viii.  148 
legal  definition  of,  viii.  Ill 
methods  of,  viii.  117 
moist  lymph,  viii.  142 
necessity  for  revaccination,  viii. 

117 
needles,  viii.  119 
objections  against,  viii.  149 
opposition  to,  viii.  150 
protection  through,  viii.  131,  133 
revaccination,  viii.  116 
■  statistics  of  results,  viii.  120 
technique  of,  viii.  117 
vaccinization,  viii.  117 
Vaccine,  bacterial,  viii.  395 
degeneration  of,  viii.  138 


Vaccine,  government  production  of, 
viii.  138 

lymph,  efficiency  of,  viii.  140 
preparation  of,  viii.  140 

scarifier,  viii.  119 

therapy,  viii.  590 

vesicles,  measurement  of,  viii,  119 
Vaccinia,  iii.  307;  viii.  113 

bacteriology  of,  viii.  144 

constitutional    symptoms,    viii. 
113 

distribution,  viii.  112 

incubation,  viii.  113 

Irregular  forms,  viii.  115 

modified,  viii.  (115 

phenomena  of,  in  cow,  viii.  113 
in  man,  viii.  115 

relation  of,  to  variola,  viii.  118 

spurious  eruptions,  viii  113 
Vaccinization,  viii.  117 
Vacuolar  deg'eneration  of  the  neu- 
rones, vi.  263 
Vacuoles,  ii.  761 
Vacuum     method    of    ventilating 

ships,  vi.  157 
Vagina,  absence  of,  viii.  153 

anatomy  of,  vii.  164 

atresia  of,  i.  604;  viii.  154 

cancer  of,  ii.  640 

congenital     malformations     of, 
viii.  153 

cysts  of,  iii.  351 ;  viii.  158 

development  of,  viii.  153 

diseases  of,  viii.  158 

divided,  viii.  157 

duplex,  viii.  157 

faulty  communication  of,  with 
other  cavities,  viii.  157 

flstulseof,  viii.  168 

infantile,  viii.  158 

inflammation  of,  viii.  63 ;  and  see 
Vaginitis 

inversions  of  mucous  membrane 
of,  viii.  157 

lymphatics  of,  v.  637 

malformation  of,  vii.  709 

measurements  of,  viii.  239 

medication  of,  v.  734 

modifications  of,  in  pregnancy, 
iv.  340 

stenosis  of,  viii.  156 

subinvolution  of,  viii.  104 

syphilitic  lesion  of,  vii.  626 

tamponing,  viii.  177 

tuberculosis  of,  viii.  104 
Vaginal  touch,  iv.  343 
Vaginismus,  viii.  179 
Vaginitis,  viii.  163 

in  children,  viii.  163 

in  the  married,  viii.  164 

in  the  unmarried,  viii.  164 

senile,   leucorrhQ3a    accompany- 
ing, V.  496 

specific,  viii.  166 
Vagus  nerve,  iii.  318 ;  v.  30 

action  on  respiration,  vi.  9.53 
Valentine's  apparatus  for  irrigat- 
ing the  urethra  and  bladder, 
viii.  19 

knife,  iv.  712 
Valerian,  viii.  180 

American,  iii.  340 

as  an  antispasmodic,  i.  387 
Valeriana  officinalis,  viii.  180 
Valerianates,  viii.  181 

of  iron,  v.  237 

of  quinine,  iii.  90 

of  zinc,  viii.  339 
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Valerianic  acid,  viii.  181 
as  a  germicide,  iv.  337 
Valeric  acid,  viii.  181 
Valeridin,  vii.  105;  viii.  181;  and 

see  Sedatin 
Valerin,  viii.  181 
Valerine,  i.  267 
Validol,  viii.  181 
Valise,  obstetric,  contents  of,   v. 

884 
Vallet's  ferruginous  pills,  v.  323 
Valsalva,  aneurism  of,  i.  843 

sinuses  of,  i.  406 
Valsalva's  method  of  examining 
the  middle  ear,  iii.  664 
of  inflating  middle  ear,  iii.  664 
"Value  globulaire,"  ii.  61 
Valves  of  heart,  location,  iv.  572 
of  Thebesius,  iv.  669 
rupture  of,  iv.  613 
Valvulse    comxiventes,     histology 

of,  V.  185 
Valyl,  viii.  711 
Valzin,  iii.  562 

Vance's  sestbesiometer,  i.  135 
Van  Ermengem's  metbod  of  stain- 
ing flagella,  viii.  398 
Van  Fleet's  modification  of  Pana's 

operation  for  ptosis,  iv.  121 
Vanilla,  viii.  181 

planifolia,  viii.  181 
Vanillic  aldehyde,  viii.  183 
Vanillin,  viii.  183 

paraphenetidin,  viii.  183 
Vanlair's   modification  of  Flem- 

ming's  hardening  fluid,  Iv.  707 
Vaporization  calorimeter,  ii.  561 
Vapors,  offensive,  mitigation  of,  vi. 

833 
Variability,  iv.  639 ;  viii.  183 
coefficient  of,  viii.  191 
measure  of,  viii.  193 
Variation,  viii.  183 

a  factor  of  organic  evolution,  iv. 

23 
and  chance,  viii.  185 
blastogenic,  viii.  183 
classification,  viii.  184 
collection  and  tabulation  of  data, 

viii.  188 
correlation  of,  iv.  34 ;  viii.  194 
evidence  of,  in  evolution  of  man, 

iv.  39 
homoeotic,  viii.  184 
homotypic,  viii.  184 
individual,  viii.  184 
measure  of  variability,  viii.  191 
raeristic,  viii.  184 
normal,  viii.  184 
precision  of  the  constants,  viii. 

197 
racial,  viii.  184 
skewness,  viii.  194 
somatogenic,  viii.  183 
substantive,  viii.  184 
theoretical  curves,  viii.  193 
what  it  is  not,  viii.  183 
Varicella,  ii.  826;  and  see  Chicken- 
pox 
conoides,  ii.  827 

diagnosed  from  impetigo,  iv.  847 
globata,  ii.  827 
lenticularis,  ii.  837 
pharyngitis  in,  vi.  593 
Varices,  viii.  198,  and  see  Varicose 
veins 
in  pregnancy,  iv.  346 
in  the  upper  extremity,  i.  470 


Varices,   lymphatic,  causes  of,  iii. 
78 
oBsophageal,  vi.  338 
of  urethra,  i.  770 
Varicocele,  vii.  188 
Varicose  tumors  of  vulva,  viii.  163 
Varicose  ulcer,  vii.  948 
Varicose  veins,  viii.  198 
complications,  viii.  199 
diagnosis,  viii.  199 
etiology,  viii.  198 
of  the  leg,  V.  478 
symptoms,  viii.  199 
treatment,  viii.  199 
Variola,  see  Smallpox 

followed  by  blindness,  ii.  13 
in  the  new-born,  vi.  378 
relation  of  vaccinia  to,  viii.  113 
Varix,  viii.  315 

anastomoticus,  viii.  216 
Vas  deferens,  see   Oenital  organs, 

male 
Vasa  vasorum,  i.  408 
Vascular  system,  general  account 

of,  iii.  97 
Vasculitis,  ii.  96 
Vasectomy,  vii.  183 

for  hypertrophy  of  prostate,  vi. 
769 
Vaseline,  vi.  576 

Vaso-motor    centre,  lesions  in,  ii. 
394 
of  heart  and  circulation,  iii. 
117 
inhibition,  v.  24 
reflexes,  iii.  117 
Vaso-motor  nerves,  iii.  115 

effect  on  circulation  of  blood,  iii. 
115 
Vaughan's  cage,  viii.  484 
Vegetable  foods,  poisonous,  iv.  189 
Vegetable  organism,  food  of,   i. 
.    173 

Vegetable  sulphur,  v.  616 
Vegetables,   amount   allowed  sol- 
diers, V.  799 
as  food  for  invalids,  iii.  455 
Vegetation,  effect  of  climate  on,  iii. 

148 
Veins,  actinomycosis  of,  viii.  218 
air  in,  viii.  314 
anomalies  of,  viii.  300,  308 
anterior  jugular,  vi.  196 
anomalies  of,  viii.  303 
surface  markings  of,  vi.  191 
atrophy  of,  viii.  309 
axillary,  anomalies  of,  viii.  204 
azygos,  vii.  751 

anomalies  of,  viii.  205 
basilic,  iv.  239 

anomalies  of,  viii.  304 
callosal,  ii.  357 
carcinoma  of,  viii.  319 
cardiac,  iv.  573 

anomalies  of,  viii.  301 
bruises  of,  viii.  314 
cardinal,  viii.  301 
cavernous  sinus,  viii.  304 
cephalic,  iv.  339 

anomalies  of,  viii.  304 
circular  sinus,  viii.  20  i 
coronary,  iv.  573 

sinus,    anomalies    of,     viii 
201 
development  of  the  great,  viii. 

201 
dilatation  of,  viii.  215 
dural,  ii.  255 


Veins,  emissary,  of  the  skull,  ii.  363 
erosions  of,  viii.  314 
external  jugular,  vi.  196 
anomalies  of,  viii.  303 
surface  markings  of,  vi.  191 
external  saphenous,  viii.  207 

surface-markings  of,  vi.  191 
facial,  anomalies  of,  viii.  203 

surface  markings  of,  vi.  191 
femoral,  anomalies  of,  viii.  307 
foreign  bodies  in,  viii.  318 
Galen's,  ii.  256 
hepatic,  v.  528 

anomalies  of,  viii.  207 
histology  of  the,  ii.  93 
iliac,  anomalies  of,  viii.  206 
inferior  cava,  vii.  751 

anomalies  of,  viii.  205 
inferior  thyroid,  vi.  196 
inflammation  of,  viii.  210 
innominate,  vii.  751 

anomalies  of,  viii.  202 
internal  iliac,  anomalies  of,  viii. 

206 
internal  jugular,  vi.  196 
anomalies  of,  viii.  303 
surface  marking  of,  vi.  191 
internal  mammary,  anomah'esof, 

viii.  303 
internal    saphenous,    anomalies 

of,  viii.  207 
jugular,  anomalies  of,  viii.  304 
lateral  sinus,  viii.  204 
longitudinal  sinus,  inferior,  viii. 
204 
superior,  viii.  304 
median,  iv.  239 
medidural,  vii.  355,  363 
mesenteric,  blood  of,  ii.  37 
middle  thyroid,   surface   mark- 
ings of,  vi.  191 
myoma  of,  vi.  77 ;  viii.  318 
obstruction  of,  viii.  215 
obturator,  anomalies  of,  viii.  306 
occipital  sinus,  viii.  304 
of  Galen,  ii.  256 
of  the  brain,  ii.  255 
of  the  diploe,  ii.  355 
of  the  lower  limb,  anomalies  of, 

viii.  307 
of  the  mamma,  ii.  470 
of  the  neck,  vi.  196 
of  the  portal  system,  anomalies 

of,  viii.  307 
of  the  spleen,  vii.  415 
of  the  upper  limb,  anomalies  of, 

viii.  304 
olfactory,  ii.  357 
ophthalmic,  ii.  368 
pathology  of,  viii.  208 
petrosal  sinuses,  viii.  204 
petrosquamous  sinus,  viii.  204 
popliteal,  anomalies  of,  viii.  207 
portal  system  of,  viii.  307 
posterior  vertebral,  viii.  201 
postjugular,  ii.  262 
postperforant,  ii.  257 
prebasal,  ii.  257 
precerebial,  ii.  257 
preperforant,  ii.  257 
pulmonary,   anomalies  of,   viii. 

201 
radial,  iv.  289 

anomalies  of,  viii.  204 
renal,  anomalies  of,  viii.  306 
retrograde  changes  in,  viii.  209 
rupture  of,  viii.  214 
saphenous,  v.  478 
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Veins,  saphenous,  anomalies  of,  viii. 
207 
sarcoma  of,  viii.  319 
sclerotic,  ii.  105 
sinuses  of  the  brain,  viii.  203 
spermatic,  iv.  336 

anomalies  of,  viii.  206 
stenosis  of,  viii.  215 
straight  sinus,  viii.  304 
subcerebral,  ii.  257 
subclavian,  vi.  196 

anomalies  of,  viii.  304 
subcornual,  ii.  257 
subcutaneous   ligation   of,    viii. 

200 
subfrontal,  ii.  257 
suboccipital,  ii.  357 
supercerebral,  ii.  255 
superdural,  ii.  255 
superior  cava,  vii.  751 

varieties  of,  viii.  203 
suprarenal,   anomalies    of,    viii. 

206 
suprascapular,      anomalies     of, 

viii.  208 
suture  of,  viii.  453 
Sylvian,  ii.  257 
temporo-maxillary,       anomalies 

of,  viii.  303 
thrombosis  of,  viii.  314 
torcular  Herophili,  viii.  303 
transverse  cervical,  anomalies  of, 
viii.  303 
innominate,  viii.  303 
ulnar,  iv.  339 

umbilical,  anomalies  of,  viii.  308 
tumors  of,  viii.  318 
varicose,  viii.  198 
vertebral,  anomalies  of,  viii.  303 
vitelline,  viii.  335 
vrounds  of,  viii.  314 
Vein-stones,  viii.  314 
Veldt  sore,  vii.  944 
Vellosine,  iv.  314 
Velpeau's   bandage,   i.   738,    730; 

iv.  259 
Velum,  ii.  180 
Velum  palati,  viii.  107 
neuroses  of,  viii.  Ill 
paralysis  of,  viii.  Ill 
syphilis  of,  viii.  110 
Vena  aberrans  of  Verga,  ii.  363 
medilacerata,  ii.  263 
subpetrosa,  il.  263 
Vena  alba  thoracis,  v.  625,  645 
Vena  cava,  connected  with  pulmo- 
nary veins,  viii.  302 
inferior,  anomalies  of,  viii.  205 
stiperior,  anomahes  of,  viii.  302 
connected  with   pulmonary 

veins,  viii.  303 
development  of,  viii.  301 
double,  viii.  203 
Venae  cordis  minimse,  iv.  573 
Venereal  diseases  among  troops. 

Venereal  sores  of  eyelids,  iv.  117 
Venereal    warts    on  vulva,  viii. 

163         .         ..   „^ 
Venesection,  II.  71 

jn  lieart  disease,  iv.  610 
Venezuela,    Pharmacopceia  in,   vi. 

Venom,  see  Poisonous  reptiles 
Venoms,  hsemolysis  by,  viii.  536 
Venous    openings    through   the 

skull,  ii.  263  ... 
Venous  pulse,  m.  103 


Ventilation,  vi.  948;  and  see  Air, 
and  IJoimc-iiaiiitatioii 
imperfect,  as  cause  of  dysentery, 

iii.  567 
in  army  transport  service,  i.  519 
of  barracks,  v.  808 
of  houses,  iv.  755 
of  school-buildings,  vii.  70 
of  ships,  vi.  155 
of  workshops,  vi.  328 
test  of  efficiency  of,  i.  153 
Ventilators  for  houses,  iv.  757 
Ventnor,  Isle  of  Wight,  viii.  219 
Ventral  hernia,  iv.  680,  681 
Ventricles,  cardiac,  iv.  569 

hypertrophy  of,  iv.  591 
influence  of,   on  pulse,   vi. 
799 
lateral,  tapping  of,  ii.  426 
hernia  of,  v.  436 
of  the  larynx,  v.  406 
prolapse  of,  v.  436 
Ventricular  bands,  v.  406 
Ventricular  venous  pulse,  vi.  807 
Ventriloquism,  i.  634 
Venus'  fly-trap,  iii.  559 
Ver  macaque,  v.  153 
Vera  Cruz,  yellow  fever  in,  viii.  585 
Veratridine,  viii.  220 
Veratrin,  iv.  626 
Veratrina,  viii.  330 
Veratrine,  ii.  690 ;  viii.  330 
Veratrinum,  viii.  330 
Veratroidine,  ii.  690;  iv.  635 
Veratrol,  viii.  221 
Veratrum,  iv.  625;  viii.  220;  and 
see  Uelltbore 
poisoning  by,  iv.  626 
poisonous  plant,  vi.  704 
viride,  iv.  625 ;  and  see  Hellebore, 
American 
action  of,  upon  the  heart,  ii. 
689 
Verbascum  thapsus,  vii.  77 
Verbena  oil,  iii.  126 
Verjus,  iv.  413 
Vermicide,  i.  362 
Vermifuge,  i.  362 
Vermilion,  v.  756 
Vermin-killers  containing  arsenic, 

poisoning  by,  viii.  347 
Vermont  Mineral   Springs,   viii. 

321  ,.    , 

Vermont,  requirements  for  medicaJ 

practice  in,  iv.  48 
Veronal,  viii.  221 
Veronica,  v.  490 ;  and  see  Leptandra 
Verruca,  viii.  221 

acuminata,  viii.  231 
necrogenica,  iv.  504 ;  vii.  233 
plana,  viii.  231 

juvenaHs,  viii.  231 
of  the  aged,  viii.  331 
seborrhoica,  vii.  88 
senilis,  vii.  88;  viii.  821 
vulgaris,  viii.  331 ;  and  see  Wart 
diagnosed  from,  condyloma 
acuminatiun,  ii.  338 
Version,  vi.  314 
cephalic,  vi.  314 
extraction  after,  vi.  314 
pelvic,  vi.  314 
pod.ilic,  vi.  314 
Vertebrae,  cervical,  caries  of,  cause 
of  headache,  iv.  553 
sDiual  cord  in,  vi.  200 
Vertebral  artery,  vi.  195 
anomalies  of,  i.  528 


Vertebral  veins,  anomalies  of,  viii. 

202 
Vertex,  vii.  239 
Vertigo,  viii.  233 

as  symptom  of  intracranial  tu- 
mor, ii.  436 
aural,  viii.  224 
gastric,  due  to  auto-intoxication, 

i.  644 
in  chronic  purulent  otitis,  iii.  639 
in  ear  diseases,  iii.  660 
intestinal,  due  to  auto-intoxica- 
tion, i.  644 
labyrinthine,  viii.. 224 
symptomatic,  viii.  232 
Verumontanum,  iv.  323;  viii.  15 
Vesical  hernia,  iv.  683 
paresis,  i.  768 
plexus,  vii.  579 
Vesicants,  ii.  14;  iii.  304 
Vesicle,  germinal,  vi.  448 

umbilical,  viii.  334;  and  see  Tolk 
sac 
Vesicles,  seminal,  vii.  190 
Vesico-uterine  fistula,  viii.  168 
Vesico-vaginal  cystocele,  viii.  158 
Vesico-vaginal  fistula,  viii.  168 

treatment,  viii.  171 
Vesiculae,  caused  by  drugs,  iii.  422 
Vesicular  breathing,  ii.  817 

cysts,  vii.  191 
Vesicular  epizootic  fever,  iv.  733 
Vesiculitis,  vii.  190 

complicating  gonorrhaa,  iv.  402 
Vesiculo-tympanitio   resonance, 

ii.  816 
Vespa  germanica,  v.  168 
maculata,  v.  168 
vulgaris,  v.  168 
Vespidae,  poisonous,  v.  168 
Vessels,  ligation  of,  in  amputation, 

i.  243 
Vestibular  sacs,  function  cff,  i.  624 
Vestibule,  anatomy  of,  i.  620;  vii. 
169 
bulbs  of,  vii.  173 
Vestigial  organs,  as  an  evidence 

of  evolution,  iv.  21 
Veterinary  science  in  its  relation 

to  public  health,  viii.  334 
Vevey,  Switzerland,  viii.  333 
Vibices,  iii.  373 
Vibrio,  i.  681 
Viburnin,  viii.  235 
Viburnum  opulus,  viii.  334 

in  dysmenorrhoea,  iii.  577 
prunifolium,  viii.  334 
Vicarious  menstruation,  v.  740 
Vichy,  France,  viii.  335 
Vicksburg,  Miss.,  viii.  236 
Victoria,  Australia,  viii.  286 
Victoria    Mineral   Springs,    viii. 

237 
Victory  Strontia  Spa,  viii.  237 
Vienna  caustic,  vi.  743 

mixture  as  an  anesthetic,  i.  293 
Villacabras  Springs,  Spain,  viii. 

337 
Virgin  Hot  Springs,  viii.  338 
Villi,  amniotic,  viii.  4 
chorionic,  iii.  48 
of  the  small  intestine,  v.  183 
Vine,  European,  iv.  413 
Vinegar,  v.  740 

adulterations  of,  iv.  183 

eel,  vi.  307 

of  opium,  vi.  386 

of  squill,  vii.  434 
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Vinum  album,  i.  169 

rubrum,  i.  169 
Vioform,  viii.  238 
Violacese,  poisonous  plants  of,  vi. 

695 
Violet,  methyl,  vi.  817 

poisonous  plant,  vi.  705 
Viper  bite,  symptom  of,  vi.  713 
Viperin,  vi.  711 
Virginia  Beach.,  vi.  347 
Virginia,  history  of  yellow  fever 
in,  viii.  587 
requirements  for  medical  prac- 
tice in,  iv.  48 
Virginia  Hot  Springs,  iv.  746 
Virus  fixe  of  Pasteur,  vi.  831 
Viscera,  gimshot  wounds  of,  iv.  455 
hollow  and  bony  sinuses,  meas- 
urement of,  viii.  238 
neuralgia  of,  vi.  248 
termination  of  muscular  fibres 

in,  vi.  15 
transposition  of,  vii.  673,  858 
Viscum  album,  v.  571 
Vision,  acuteness  of,  iii.  215;  viii. 
345 
examination  of,  iii.  215 
standards  of,  iii.  216 
astigmatic,  i.  591 
binocular,  viii.  344 
test  for,  vi.  397 
blue,  viii.  733 
colored,  viii.  733 
compared  with  hearing,  i.  634 
direct,  viii.  343 

disorders  of,  chloropsia,  viii.  732 
chromatopsia,  viii.  733 
erythropsia,  viii.  733 
kyanopsia,  viii.  733 
xanthopsia,  viii.  733 
disturbances  of,  in  cerebral  tu- 
mors, ii.  444 
green,  viii.  733 
indirect,  viii.  343 
monocular,  viii.  344 
physiology  of,  viii.  340 
range  of,    measurement    of,  vi. 

391 
red,  viii.  732 
yellow,  viii.  782 
Visual  area  of  brain,  ii.  306 
Visual  field,  iv.  91 

limits  of,  measurement  of,  vi.  393 
to  determine,  iv.  629 
Visual  perception,  viii.  245 
Visual  perception  of  form,  acute- 
ness of,  measurement  of,  vi.  393 
Visual  purple,  iv.  79 
Visual  refraction,  viii.  241 
mechanics,  viii.  341 

binocular  fixation,  viii.  242 
monocular  fixation,  viii.  243 
sensation,  viii.  243,  244 
Visual  sensations,  viii.  244 

compared  with  auditory,  i.  624 
theories  of,  viii.  244 
Visual  tract,  iv.  630 
Vital  capacity,  vi.  947 

exhaustion  in  insanity,  v.  72 
statistics,  viii.  346 
Vital  statistics,  births,  viii.  347 
causes  of  death,  viii.  353 
deaths,  viii.  248 
infant  mortality,  viii.  251 
marriages,  viii.  247 
population,  viii.  246 
Vitalism,  ii.  399 
Vitelline  arteries,  viii.  335  | 
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Vitelline  membrane,  vi.  448 

sac,  viii.  334 ;  and  see  Tolk  sac 
silver,  yii.  316 
veins,  viii.  335 
Vitellus,  iii.  737 
Vitiligo,  vi.  635;  viii.  264 
Vitis  vinifera,  iv.  413 
Vitreous  body,  iv.  83;  viii.  265 
anatomy,  viii.  365 
anomalies  of,  viii.  265 
cysticercus  cellulose  in,  viii.  368 
degenerations  of,  viii.  267 
detachment  of,  viii.  267 
diseases  of,  viii.  365 
fatty  degeneration  of,  viii.  367 
fluidity  of,  viii.  367 
formation  of  new  vessels  in  the, 

viii.  367 
hemorrhages  into,  viii.  367 
inflammation  of,  viii.  265 
opacities  of,  viii.  366 
ossification  of,  viii.  268 
parasites  in,  viii.  368 
structures,  viii.  265 
Vitreous  corpuscles,  viii.  365 
Vitreous  humor,  iv.  83;  viii.  365; 

see  also  Vitreous  body 
Vitriol,  blue,  iii.  378 
elixir  of,  vii.  563 
green,  v.  223 
oil  of,  vii.  562 
white,  viii.  339 
Vitriolated  tartar,  vi.  745 
Viverra  civetta,  iii.  127 

zibetha,  iii.  127 
Vivisection,  viii.  368 
Vocal  cords,  in  inhalation,  v.  451 
in  phonation,  v.  451 
paralysis  of,  v.  439 
trachoma  of,  v.  416 
true,  V.  406 
Vocal  nodules,  v.  416 
Vocal  organs,  position  of  in  articu- 
lation, V.  455 
Voge's  animal  holder,  viii.  393 
Voice,  see  Larynx,  physiology  of,  v. 
451 
amphoric,  ii.  818 
auscultation  of,  ii.  818 
bronchial,  ii.  818 
falsetto,  physiology  of,  v.  456 
laryngeal,  ii.  818 
masculinity  of,  in  insanity,  v.  51 
pulmonary,  ii.  818 
registers  of  the,  v.  455 
training  of  the,  after  operation 
for  cleft  palate,  iii.  136 
Volatile  liniment,  i.  315 
Volatile  oil  of  mustard,  vi.  68 

of  nutmeg,  vi.  307 
Volhard's  method    of    estimating 
quantity  of  chlorides  in  urine,  viii. 
53 
Volition,  disorders  of,  see  Insanity 
disturbances  of,  in  insanitv.  v 

60  .  ^ 

impairment  of,  a  symptom  of  in- 
sanity, V.  46 
Volkmann's  arthrectomy  of  knee, 
vi.  936 
hfemodromometer,  iii.  100 
sliding  rest,  iv.  366 
spoon,  viii.  144 
T-splint,  iv.  355 
Voltaic  current,  effect  on  irritabil- 
ity and  conductivity  of  mus- 
cle, iii.  770 
excitation  effects  of,  iii.  770 


Volume,  relation  of,  to  weight,  viii. 
300 
specific,  viii.  300 
Volvulus,  iii.  204 

treatment,  v.  175 
Vomer  bone  in  cleft  palate,  iii.  133 
Vomiting,  vii.  495;  and  see  Emetics, 
iii.  809 
as  symptom  of  intracranial  tu- 
mor, ii.  436 
central,  vii.  495 
cerebral,  vii.  503 
following  ansBsthesia,  iii.  24;  viii. 

689 
in  appendicitis,  i.  424 
inheartdisease,  treatment,  iv.  610 
nervous,  vii.  503 
of  pregnancy,  iv.  345;  viii.  269 
causes,  viii,  270 
diagnosis,  viii.  270 
treatment,  viii.  371 
periodical,  vii.  503 
physiology,  of,  iii.  810 
process  of,  iii.  810 
reflex,  vii.  495 
spinal,  vii.  503 
true,  vii.  495 
Von  Basch's  sphygmomanome- 
ter, vi.  803 
Vdn  Fleischl's  hiemoglobinometer, 
ii.  55 
hsemometer,  ii.  55 
polarimeter,  vi.  730 
Von  Fleischl-Meischer  haemoglo- 

binometer,  ii.  57 
Von  Jaksch's  anaemia,  vi.  773 
Von  Noorden's  standard  diet,  iii. 

464 
Vouacapona  araroba,  iii.  75 
Vowels,  articulation  of,  v.  454 
Vulva,  anatomy  of,  vii.  168 
apiathse  of,  viii.  161 
atresia  of,  viii.  160 
blood  supply  of,  vii.  173 
cancer  of,  viii.  163 
chancre  of,  viii.  161 
chancroid  of,  viii.  161 
condyloma  of,  viii.  163 
cysts  of,  iii.  351 
diphtheria  of,  viii.  161 
diseases  of,  viii.  160 
elephantiasis  of,  iii.  783 ;  viii.  163 
erysipelas  of,  viii.  161 
folliculitis  of,  viii.  163 
functions  of,  viii.  160 
heematocele  of,  viii.  161 
hsematoma  of,  viii.  161 
hygiene  of,  viii.  160 
hypertrophy  of,  viii.  163 
inflammation  of,   viii.   161;  and 

see  Vy,lvitis 
injuries  of,  viii.  161 
kraurosis  of,  viii.  163 
malformations  of,  viii.  160 
modifications  of,  in  pregnancv. 

iv.  340 
nerve  supply  of,  vii.  173 
parasitic  affections  of,  viii.  163 
pruritus  of,  vi.  773;  viii.  163 
skin  diseases  of,  viii.  163 
thrush  of,  viii.  161 
tuberculosis  of,  viii.  106 
tumors  Of,  viii.  163 
varicose  tumors  of,  viii.  163 
vegetation    on,     during     preg- 
nancy, iv.  347 
venereal  warts  of,  viii.  163 
Vulvitis,  viii.  161 
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Vliiuni. 

\l''eig1its  and  incasnres. 


vulvo-vaginal  anus,  viii.  161 
gland,  cysts  of,  i.  735 

Waconda  Spring,  viii.  373 

Wafers,  v.  738 

wages,  influence   of,  ufjon  health, 

vi.  323 
Wagner  static  macliine,  iii.  758 
Wahoo,  viii.  273 
Waldeburg's  apparatus  for  com- 

prossing  air.  i.  131 
Walker-Gordon  barn,  v.  841 
Walker's  suction  apparatus,  iii. 

555 
Wall  decorations,  iv.  753 
Wallerian  degeneration,  viii.  273 
Walley's  Hot  Springs,  viii.  374 
Walnut,  black,  ii.  539 
Warburg's  tincture,  i.  378 
Wardrop's     metliod    of    treating 

aneurism,  i.  333 
Warlomont's  expression  forceps, 

viii.  140 
Warm  stage,  iv.  705 
Wart,  viii.  331 

of  hands  and  fingers,  iv.  501 
on  the  eyelids,  iv.  106 
oesopliageal,  vi.  343 
post-mortem,  iv.  504 
seborrhneic,  viii.  321 
teleangiectatic,  i.  348 
venereal,  of  the  vulva,  viii.  163 
Wasatka   Mineral    Spring,    viii. 

274 
Wash,  black,  v.  755 

yellow,  V.  753 
Washed  sulphur,  vii.  561 
Washing  soda,  vii.  357 
Washington,  D.  C,  viii.  374 
Washington,       requirements     for 

medical  practice  in.  iv.  48 
Washington  Springs,  viii.  375 
Wasps,  digger,  v.  167 

poisonous,  V.  167 
Wassermann's   serum-n  u  t  r  o  s  e 

agar,  viii.  413 
Waste,  excessive,  a  cause  of  atro- 
phy, i.  608 
Wasting  palsy,  vi.  64 
Watch  glasses,  Syracuse,  iv.  718 
Water,  viii.  376 

aeration  of,  viii.  384 

a  form  of  medicine,  v.  740 

amount  required  by  soldiers  on 

the  march,  v.  805 
anagent  in  thespreadof  cholera, 

viii.  358 
analyses     of,     from    various 

sources,  viii.  289 
analysis,  viii.  385 
alum,  viii.  390 
appearance    and    turbiaity, 

viii.  385 
bacteriological  examination, 

viii.  390 
chlorine,  viii.  386 
color,  viii.  286 
copper,  viii.  389 
determination  of  ammonia, 

viii.  388 
hardness,  viii.  286 
iron,  viii.  290 
lead,  viii.  289 
microscopical    examination, 

viii.  293 
nitrates,  viii.  287 
nitrites,  viii.  287  _  _ 
organic  matter,  viii.  388 
Vol.  viii.— 58 


Water  analysis,  oxygen-consuming 
capacity,  viii.  289 
reaction,  viii.  286 
to  collect  water  for,  viii.  285 
total  solids,  viii.  386 
anise,  iii.  479 

artificial  purification  of,  viii.  281 
as  an  alterative,  i.  303 
as  a  tlierapeutic  agent,  iv.  788 ; 

and  see  Hydrotherapy 
as  food,  importance  of,  i.  174 
bacteria  in,  viii.  291 
bacteriological   examination   of, 

iv.  403 
boiling,  scalds  from,  ii.  520 
calorimeter,  ii.  561 
cancer,  viii.  488 
chlorine,  iii.  5 
chloroform,  iii.  9 
contamination  of,  by  galvanized 

pipes,  viii.  340 
copper  in,  viii.  289 
creosote,  iii.  338 
determination  of  alum  in,  viii. 
290 
of  albuminoid  ammonia  in, 

viii.  388 
of  chlorine  in,  viii.  386 
of  copper  in,  viii.  391 
of  free  ammonia  in,  viii.  388 
of  iron  in,  viii.  390 
of  lead  in,  viii.  391 
of  nitrates  in,  viii.  387 
of  nitrites  in,  viii.  387 
of  oxygen-consuming  capac- 
ity, viii.  289 
of  reaction,  viii.  386 
of  total  solids,  viii.  286 
distilled  from  sea  water,  vi.  170 
effect  of,  upon  blood  stains,  ii. 

80 
fennel,  iv.  145 
fluoroform,  iv.  161 
for  soldiers'  use,  v.  804 
from  sea  water,  vi.  170 
ground,  vi.  168 
gum  arabic,  how  to  make,  iii. 

456 
influence  of,  upon  climate,  ni. 

139 
iron  in,  viii.  290 
Kissingen,  v.  363 
lake,  viii.  370 
lead  .in,  viii.  389 
medicated,  v.  740 
nitrous  oxide,  vi.  293 
of  ammonia,  i.  315 
of  cinnamon,  iii.  95 
of  hydrogen  peroxide,  iv.  786 
of  orange  flower,  vi.  398 
of  peppermint,  vi.  554 
of  spearmint,  vii.  263 
oxygenated,  iv.  786 
aerated,  vi.  293 
oxygen-consuming  capacity  of, 

viii.  389 
pu]-e,  viii.  288  .. 

purification  of  artificial,  vm.  281 

by  freezing,  viii.  377 
rain,  vi.  168;  viii.  281       _ 
relation  of,  to  cretinism,  iv.  391 
rose,  vi.  1000  . 

self-purification  of,  viu.  377 
storage  of,  effect  of,  upon  patho- 
genic bacteria,  viii.  377 
stored,  viii.  376 
supply,  viii.  276 
surface,  vi.  168 


Water,  well,  contamination  of,  viii. 

280 
Water-baths,  paraflin,  iv.  718 
Water-beds,  to  prevent  bedsores,  i. 

741 
Water-boatmen,  v.  160 
Waterbrash,  vii,  494 
Water-bugs,  v.  160 
Water-closets,  iv.  763 

in  school  buildings,  vii.  71 
Water  gas,  ii.  664 

compared  with  coal  gas,  i.  154 
poisoning  by,  viii.  292 
Water-hammer  pulse,  vi.  802,  804 
Water  lilies,  vi.  308 
Waterproof,  to  render  clotliing,  v. 

793 
Water  supply  for  school  buildings, 
vii.  71 
for  troops,  vi.  168 
impure,  cause  of  dysenterj',  iii. 

567 
of  house,  iv.  762 
of  ships,  vi.  167 
Watson    operation    for    deviated 

nasal  septum,  vi.  126 
Watson's  Springs,  viii.  392 
Watson's  tube  for  ventilation,  iv. 

757 
Waukesha  Mineral  Springs,  viii. 

293 
Waves,  pulse,  vi.  978 

sound,  i.  611 
Wax,  viii.  393 

bayberry,  viii.  394 
Chinese,  viii.  394 
Japanese,  viii.  294 
of  ear,  i.  626 
Waxy  degeneration,  i.   368 ;  and 

see  Amyloid  and  Necrosis,  vi.  201 
Weaning  of  infants,  iv.  860 
Weber's  eesthesiometer,  i.  134 
canaliculus  knife,  v.  396 
test  for  hearing,  iii.  661 
Weeds,  poisonous,  vi.  708 
Weighing  and  measuring,   viii. 

300 
Weight  and  height,   relative,  m 

childhood,  ii.  832 
Weight  at  birth,  iv.  418 
loss  of,  in  insanity,  v.  53 
in  starvation,  vii.  441 
relation  of,  to  volume,  viii.  300 
specific,  viii.  300 
Weights  and  measures,  viii.  294 
American,  viii.  296 
British,  viii.  396 
compromise  systems,  viii.  399 
decimal,  viii.  398 
early  English  laws  concernmg, 

viii.  394 
in  prescriptions,  viii.  301 
Jefferson's  decimal    system  of, 

viii.  298 
metric  system,  viii.  398 
old,  viii.  296 
ordinary   subdivisions    of,   vm. 

396  . 

pharmacopoeial,  viu.  oOO 
principles  of  metrology,  vui.  295 
relation  of  arithmetic  to  metrol- 
ogy, viii.  295 
specific  weight  and  specific  vol- 
ume, viii.  300 
standards  of,  viii.  295,  297 
suitable  units,  viu.  399 
weighing   and  measuring,    vm. 
300 
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Weil's  disease,  viii.  301 

meat-potato  agar,  viii.  415 
Weir-Mitcliell's  rest  cure,  vi.  353 
Well  water,  contamination  of,  viii. 

280 
Wells,  artesian,  viii.  379 

driven,  superior  to  sunken,  viii. 

380 
flowing,  viii.  379 
Welsbach.  burner,  iv.  761 
Werder's  method  of  hysterectomy, 

iv.  837 
Werner-Schmidt  method  of  deter- 
mining fat  in  millv,  v.  837 
West  Baden  Springs,  viii.  303 
West  Springs,  viii.  303 
West  Virginia,    requirements  for 

mediual  practice  in,  iv.  48 
V/estphal's  symptom,  v.  363;  vi. 

874 ;  and  see  Kvee-jerk 
Wetemis  Mineral    Springs,  viii. 

303 
Wet-nurses,  viii.  303 
expense  of,  viii.  303 
how  to  obtain,  viii.  304 
mode  of  life  suitable  for,  viii.  305 
qualifications  for,  viii.  304 
physical  e.xamination  of,  viii.  305 
Wet  pack,  iv.  790 
Wet-sheeet  application  of  cold,  iii. 

193 
Weyl's  test  for  kreatinin  in  urine, 

viii.  37 
Whann  Alkaline  Lithia  Springs, 

viii.  806 
Wharton's  duct,  concretions  in,  iii. 
382 
jelly,  iii.  353;  viii.  3 
Wheal,  viii.  60;  and  see  Urticaria 
Wheel-bug,  v.  163 
Wheelhouse's   operation,    external 
urethrotomy,  viii.  34 
staif,  viii.  34 
Whey,  vi.  557 
alum,  i.  307 
cream  of  tartar,  vi.  745 
cure,  the,  at  Meran,  v.  748 
Whey-cream  mixtures,  v.  833 
Whip-worm,  see  Trieocephalus 

triehiiirus,  vi.  316 
Whiskey;,  i.  169 

Whispering,  physiology  of,  v.  456 
White  lead,  v.  471 
White  oak,  vi.  b09 
White  precipitate,  v.  755 
White  Sulphur    Springs,     Cal., 

ii.  580 
White  Sulphur  Springs,  Iowa, 

viii,  306 
White     Sulphur  Springs,     La., 

viii.  306 
White  Sulphur  Springs,  Mont., 

viii.  306 
White  vitriol,  viii.  339 
White  wine,  i.  169 
Whites,  v.  493;  and  see  Leucorrlicea 
White's     apparatus    for    nitrous 
oxide,  iii.  18,  19 
for  nitrous  oxide  and  oxygen,  iii. 
31 
Whiting's    rongeur   forceps,    v. 

703 
Whitlow,  iv.  503 
painless,  v.  865 
Whitman's  brace  for  talipes  calca- 
neus, iv.  386 
Whooping-cough,  viii.  306 
complications,  viii.  308 


Whooping-cough,  death  rate,  viii. 
553 

diagnosis,  viii.  309 

etiology,  viii.  308 

history,  viii.  306 

pathology,  viii.  309 

prognosis,  viii.  310 

prophylaxis,  viii.  311 

symptoms,  viii.  307 

synonyms,  viii.  306 

treatment,  viii.  310 
Whorehouse  tea,  iii.  844 
Widal   test,    i.    702;  vii.    131,  930; 

viii.  445,  703 
Wiesen,  see  Davos,  iii.  353 
Wilbur  Springs,  viii.  312 
Wild    ginger,    vii.    254;    and    see 

Snakeront 
Wilden  Spring,  viii.  313 
Wilde's  angular  forceps,  iii.  663 

ear  specula,  iii.  663 
Wilhoit's  Soda  Springs,  viii.  313 
Willett's  operation  tor  calcaneus, 

iv.  235 
Willis,  circle  of,  ii.  351 
Willoughboea,  iv.  423 
Willow,  vii.  14;  and  see  Salix 
Wills,  capacity  to  make,  iii.  128 

of  insane,  v.  77 
Wilson's  cyrtometer,  ii.  404 

work  on  artificial  parthenogene- 
sis, vi.  516 
Winds,  an  element  of  climate,  iii. 
143 

at  health  resorts,  iv.  564 

periodic,  iii.  140 

permanent,  iii.  140 

prevailing,  a  factor  of  climate, 
iii.  140 

variable,  iii.  140 
Wine,  i.  169 

a  form  of  medicine,  v.  740 

of  antimony,  i.  375 

of  colchicum  root,  iii.  192 
seeds,  iii.  193 

of  ergot,  iv.  3 

of  ferric  citrate,  v.  336 

of  ipecac,  v.  212 

of  iron,  bitter,   v.  236 

of  opium,  vi.  386 

red,  i.  169 

white,  i.  169 
Winhuka,  v.  162 

Winkler's  method  of  treating  sinu- 
sitis, iv.  274 
Winnipeg,  viii.  313 
Winslow,  stars  of,  iv.  73 
Wintergreen,  viii.  313 

bitter,  vi.  638 

false,  vi.  638 
Winter's  bark,  ii.  646 
Wire  basket  for  sterilizing  tubes, 

viii.  379 
Wirsung,  duct  of,  vi.  460 
Wisconsin,  requirements  for  medi- 
cal practice  in,  iv.  48 
Wise's  stretcher,  vi.  187 
Witch  hazel,  viii.  313 
Witness,  competency  and  credibil- 
ity of  insane  as,  v.  77 

medical  expert,  iv.  53;  viii.  618 

Witter's  Mineral  Spring,  viii.  314 

WladimirofF-Mikulicz  method  of 

tarsectomy,  vi.  928 

Wolfbane,  i.  83 

Wolf  spider,  v.  159 

Wolfer's    Mineral    Sprint,    viii 
314  i-      s,      ill. 


Wolfifhugel's  colony  counter,  viii. 

448 
WolflSan  body,  dermoid  cysts,  viii. 
713 
malformations  of,  viii.  713 
pathology  of,  viii.  711 
teratoma,  viii.  713 
tumors  derived  from  the  Wolf- 
fian body  rests,  viii.  713 
Women,  bearded,  iv.  808 

diseases  of,  as  cause  of  insanity, 

V.  33 
effects  of  castration  on,  ii.   713, 
715 
Wood  alcohol,  v.  780 
Campechy,  v.  566 
dust,  effect  of  inhaling,  vi.  325 
naphtha,  v.  780 
oil,  iv.  456 
spirit,  V.  780 
Woodman  and  Richard's  method 
of  determining  the  CO2  in  air    vi. 
161 
Wood-tick,  see  Ixodidce,  i.  435 
Wool-fat,  hydrous,  v.  405 
Woollen   comforters,  for  soldiers, 

V.  797 
Wool-sorters'  disease,  i.  363;   vi. 

334;  and  see  Anthrax 
Wool  workers,  health  of,  vi;  334 
Woorari,  iii.  338 
Wootan  Wells,  viii.  314 
Word-blindness,  i.  414;  ii.  13 
Word-deafness,  i.  414 
Workshops,  amount  of  air  required 
in,  ii.  661 
construction  of,  liygienic  import 

of,  vi.  337 
impurities  in,  vi.  338 
Wormian  bones  and   fontanels, 

viii.  713 
Worms,  a  cause  of  eclampsia  infan- 
tum, iii.  701 
a  cause  of  leucorrhoea,  v.  495 
classification  of,  i.  363 
flat,  ii.  779 
guinea,  vi.  210 
hair,  vi.  234 

in  the  nasal  cavities,  vi.  142 
moss,  vi.  1 
pin,  i.  363 
round,  i.   363;  vi.  385;   and  see 

i^ematocLa 
seat,  i.  363 
tape,  i.  363 
thread,  i.  363 
Wormseed,  American,  viii.  315 
Levant,  viii.  315 
poisoning  by,  viii.  315 
Wormwood,  viii.  316 
Wounds,  accidental,  i.  569 
aseptic  treatment  of,  i.  569 
bullet,  homicidal  orsuicidal,  i.  668 
in  medico-legal  autopsy,  i. 
666  -^ 

dissection,  iii.  530 
dressing  of,  i.  568 

absorbent  material  for,   iii. 
555 
followed  by  dermatitis  repens, 

iii.  423 
gunshot,  iv.  437;  and  see  Oun- 
shot  wounds 
amputation  in,  i.  336 
of  joint,  V.  295 
irrigation  of,  i.  569 
multiple,  from  same  bullet,  iv. 
441 
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Wounds,  multiple,  self-inflicted,  i. 
668 

of  the  brain,  gunshot,  ii.  421 
punctured,  ii.  421 

of  the  cervix  uteri,  viii.  69 

of  the  colon,  iii.  201 

of  the  conjunctiva,  iii.  250 

of  the  hands  and  fingers,  iv.  501 

of  the  heart,  iv.  615 

of  the  joints,  v.  292 

of  the  lungs,  vii.  753 

of  the  mamma,  ii.  473 

of  the  mouth,  viii.  582 

of  the  muscles,  vi.  38 

of  the  omentum,  vi.  361 

of  tlie  pancreas,  vi.  473 

of  the  parotid  gland,  vi.  509 

of  the  pharynx,  vi.  591 

of  the  prostate,  vi.  757 

of  the  veins,  viii.  314 

operation,  1.  569;  iii.  530 

post-mortem,  iii.  530 

scalp,  ii.  431 

surgical,  i.  569 

treatment  of,  i.  568 
Wrightiue,  iv.  732 
Wright's  coagulometer  tubes,  ii.  61 

erosion  of  knee,  iv.  936 

method   of  section  cutting,  iv. 
713 
Wrisberg,  cartilages  of,  v.  408 
Wrist-drop,  v.   473;  and  see  Lead 

palsy 
Wrist-joints,  iv.  481 ;  viii.  316 

amputation  at,  i.  350 

anatomy  of,  vi.  912 

ankylosis  of,  iv.  513 

arthritis  deformans  of,  v.  276 

bursse  of,  ii.  524 

diseases  of  the,  v.  276 

dislocation  of ,  iii.  532;  iv.  513 

drainage  of,  v.  ?94 

ligaments  of,  viii.  317 

markings  of.  iv.  483 

resection  of,  vi.  913       _ 

synovial  cavities  of,  \lii.  317 

tendons  of,  iv.  483 

tuberculosis  of,  v.  376 
Writer's  cramp,  iv.  539 

apparatus  for,  iv.  539 

effect  of  massage  m,v.  697 
Wry-neck,  vii.  839;  and  see  Toi-ti- 


Well's. 
Zinc. 


Wurtz's  apparatus  for  air  analysis, 

Wveth4** method  of  bloodless  ampu- 
"  tation  at  hip,  i.  365_ 

of   arterial  compression,   i. 
536  ,      . , 

pins,  in  amputation  at  shoulder, 

1   253 
Wylie".  i»»tt»»  ot  .horttnlng  the 

cal  practice  in,  iv.  48 

i^&isnS'o^   the  eyelids,  iv. 
xinUn  bases  in  the  urine,  viii.  36 

^    'thoma,"dis1inguished  from  col- 
^^"^10°^  degeneration  of  the  skin, 

iii.  300  . 

of  the  eyehds  IV.  106 
planum,  i'^- .106    „ 
tuberosum,  iv.  106 
Xanthopsia,  viu.  733 


Xanthorrhosa  resin,  viii.  318 
Xanthoxylin,  i.  570 
Xanthoxylum,  i.  570 

araericauuui,  i.  570 

clava-Herculis,  i.  570 

caiibreum,  i.  571 

senegalense,  i,  571 
Xenia,  iv.  853 

Xeroderma,  see  IcUliyosis,  iv.  836 
Xerodermia  pilaire,   v.   307;  and 

see  Keratosis  pilaris 
Xeroform,  vii.  878 
XeropHtbalmia,  iii.  344 
Xerostomia,  vi.  513;  vii.  13;  viii.  581 
Xiphopagus,  vii.  685 
Xique,  ii.  838 

X-rays,  vi.  983;  and  see   Roentgen 
rays 

burns  from,  vi.  990 ;  viii.  667 

dermatitis  from,  iii.  418 ;  viii.  667 

gangrene  from,  iv.  303 

in  diagnosis  of  fractures,  iv.  250 

steriUty  caused  by,  viii.  669 

treatment  of  lupus  vulgaris,  v. 
616 
Xylaria  polymorpha,  iv.  280 
Xylene,  viii.  318 
Xylocopa  virginica,  v.  168 
Xylol,  viii.  318 

Yadkin  Mineral  Springs,  viii.  318 
Yard,  fixed  standard  of,  viii.  397 
Yarrow,  viii.  318 
Yawning,  viii.  318 
Yaws,  viii.  319 

Yearsley's     cotton     and    intro- 
ducer, iii.  631 
Yeast,  viii.  331 

brewers',  viii.  331 
cake,  viii.  321 
compressed,  viii.  331 
dry,  viii.  331 
German,  viii.  321 
Yellow  fever,  among  troops,  ii.  601 
complications  of,  viii.  737 
description,  viii.  733 
diagnosis  of,  viii.  727 

from  blackwater  fever,  viii. 

451 
from  dengue,  iii.  403 
from  jaundice,  viii.  738 
from  malaria,  viii.  727 
from  typhoid,  viii.  727 
epidemics  of,  viii.  730 
etiology,  viii.  333 
geograpiiical  distribution  of,  viii. 

715 
history,  viii.  323,  715 
how  to  avoid  in  camp,  v.  813 
mode  of  propagation,  viii.  333 
morbid  anatomy,  viii.  738 

histology,  viii.  729 
prevalence  of,  viii.  730 
in  Africa,  viii.  718 
in  Brazil,  viii.  717 
in  Central  America,  viii.  717 
in  Cuba,  viii.  716 
in  Europe,  viii.  718 
in  ^Mexico,  viii.  717 
in  South  America,  viii.  717 
in  United  States,  viii.  718 
in  the  West  Indies,  viii.  716 
prognosis,  viii.  728 
propagation  of,  viii.  331 
prophylaxis,  viii.  731 
quarantine  in,  vi.  823 

disinfection  of    vessels,    vi. 
835 


Yellow  fever,  relation  of  mosqui- 
toes to,  viii.  334 
symptomatology,  morbid   anat- 
omy, and  treatment,  viii.  733 
transmitted  by    mosquitoes,    v 

870 
treatment,  viii.  730 
types  of,  viii.  733 
Yellow  milk,  v.  823 
Yellow  spot,  iv.  77 
Yellow  Springs,  viii.  333 
Yellowstone  National  Park 

Springs,  viii.  33 
Yellow    Sulphur    Springs,     viii. 

332 
Yellow  vision  and   other  forms  of 

chroinatopsia,  viii.  732 
Yellow  wash,  v.  753 
Yerba  mate,  v.  713 

santa,  viii.  333 
Yersin's  "anti-pest"  serum,  in 

bubonic  plague,  ii.  511 
Yew-berries,  jioisonous,  vi.  700 
Yolk  sac,  viii.  334 
anatomy,  viii.  385 
embryology,  viii.  334 
histology,  viii.  336 
pathology,  viii.  336 
Young-Helmholtz  theory  of  color 

sensation,  viii.  244 
Young's  formula  for   dosage  for 

children,  iii.  551 
Young's  Natural  Gas  Well  and 

Mineral  Springs,  viii.  336 
Yuca,  vii.  638 
Yuma,  Arizona,  viii.  337 
Yxtlan  Springs,  Mexico,  v.  239 

Zacharias'  fluid,  iv.  709 

Zamba,  iii.  88 

Zante,  iv.  413 

Zea,  iii.  291 ;  and  see  Corn  silk 

mays,  iii.  291;  vii.  439;  viii.  64 
Zedoary,  viii.  337 
Zehender's  ophthalmoscope,   vi. 

381 
Zeiss'  warm  chamber,  iv.  705 
Zeller's  operation  for    syndactyl- 
ism, iv.  495 
Zellschicht,  iii.  49,  50 ;  iv.  58 
Zem  Zem  Springs,  viii.  338 
Zenker's  fluid,  iv.  709 

hyaline  degeneration,  vi.  28 
necrosis,  vi.  28;  vi.  203 
Ziehl-Neelsen  method  of  staining 

tubercle  bacillus,  viii.  437 
Ziehl  solution,  preparation  of,  viii. 

436 
Zinc,  viii.  338 

acetate,  viii.  339 
as  a  food  poison,  iv.  184 
bromide,  viii.  339 
butter  of,  viii.  338 
carbonate,  viii.  338 

poisoning  by,  viii.  340 
precipitated,  viii.  338 
chloride,  viii.  338 

as  a  caustic,  ii.  758 
as  a  deodorant,  iii.  412 
as  a  germicide,  iv.  337 
poisonine  by,  viii.  340 
iodide,  viii.  339 
nitrate,  viii.  339 
oleate,  viii.  339 
oxide,  viii.  338 

poisoning  by,  viii.  340 
phosphide,  vi.  633 ;  viii.  339 
poisoning  by,  viii.  339 
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zinc. 

GENERAL  INDEX. 

Zymolysls. 

Zinc,  properties  of  compounds  of. 

Zone,  segmenting,  ii.  3 

Zoster  pectoralis,  iv.  687 

viii.  338 

Zonian  Springs,  viii.  341 

recurrent,  iv.  686 

sulphate,  viii.  339 

Zonula,  iv.  83 

Zuckergussleber,  vi.  6 

as  a  germicide,  iv.  337 

injuries  to,  iv.  103 

differential  diagnosis,  vi.  8 

as  an  emetic,  iii.  813 

Zoone'rythrin,  an  animal  pigment, 

Zygadenus,  poisonous  plant,  vi.  704 

dried,  viii.  339 

iii.  335 

venenosus,  vi.  704 

poisoning  by,  viii.  340 

Zoster,  iv.  686 

Zygomatic  arch,  vii.  338 

therapeutics  of,  viii.  338 

braohialis,  iv.  687 

Zygomaticus  major  muscle,  anom. 

valerianate,  viii.  339 

caused  b}'  arsenic,  iii.  433 

alies  of,  vi.  43 

Zino-hsemol,  iv.  466;  v.  330 

facialis,  iv.  686 

minor  muscle,  anomalies  of,  vi. 

Zinc-leim,  iii.  719 

femoralis,  iv.  687 

43 

Zingiber,  iv.  351;  and  see  Oinger 

gangrenosus  hystericus,  iv.  686 

Zymase,  viii.  341 

officinale,  iv.  351 

frontalis,  iv.  686 

Zymogen,  iii.  841 

Zona  radiata,  vi.  448,  451 

hsemorrhagicus,  iv.  686 

Zymogens,  viii.  341 

Zone  of  language,  i.  411 

ophthalmicus,  iv.  686 

Zymolysis,  viii.  343 
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